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Data Types

CONTENTS
bool Logical values
byte Decimal values 0 - 255
clock Time measurement
confdata Robot configuration data
dionum Digital values0- 1
errnum Error number
extjoint Position of external joints
intnum Interrupt identity
iodev Serial channels and files
jointtarget Joint position data
loaddata Load data
loadsession Program load session
mecunit Mechanical unit
motsetdata Motion settings data
num Numeric values (registers)
orient Orientation
0_jointtarget Original joint position data
0_robtarget Original position data
pos Positions (only X, Y and Z)
pose Coordinate transformations
progdisp Program displacement
robjoint Joint position of robot axes
robtarget Position data
shapedata World zone shape data
signalxx Digital and analog signals
speeddata Speed data
string Strings
symnum Symbolic number
System Data
taskid Task identification
tooldata Tool data
tpnum Teach Pendant Window number
triggdata Positioning events - trigg
tunetype Servo tune type
wobjdata Work object data
wzstationary Stationary world zone data
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wztemporary Temporary world zone data
zonedata Zone data
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Data Types bool

bool L ogical values

Bool isused for logica values (true/false).

Description

The value of data of the type bool can be either TRUE or FALSE.

Examples
flagl := TRUE;
flag is assigned the value TRUE.

VAR bool highvalue;
VAR num regil;

highvalue := regl > 100;

highvalue is assigned the value TRUE if regl is greater than 100; otherwise,
FALSE is assigned.

IF highvalue Set dol;
Thedol signal is set if highvalue is TRUE.

highvalue := regl > 100;
mediumvalue :=regl > 20 AND NOT highvalue;

mediumvalue is assigned the value TRUE if regl is between 20 and 100.

Related infor mation

Described in:
Logical expressions Basic Characteristics - Expressions
Operations using logical values Basic Characteristics - Expressions
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byte Decimal values 0 - 255

Byte is used for decimal values (0 - 255) according to the range of a byte.

Thisdatatypeisused in conjunction with instructions and functions that handle the bit
mani pulations and convert features.

Description

Data of the type byte represents a decimal byte value.

Examples
CONST num parity_bit :=8;
VAR byte datal := 130;
Definition of avariable datal with adecimal value 130.
BitClear datal, parity_bit;

Bit number 8 (parity_bit) in the variable datal will be set to O, e.g. the content
of the variable datal will be changed from 130 to 2 (decimal representation).

Error handling

If an argument of the type byte has avalue that is not in the range between 0 and 255,
an error isreturned on program execution.

Characteristics

Byteis an alias data type for num and consequently inherits its characteristics.

Related infor mation

Described in:
Alias data types Basic Characteristics- Data Types
Bit functions RAPID Summary - Bit Functions
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Data Types clock

clock Time measur ement

Clock is used for time measurement. A clock functions like a stopwatch used for tim-
ing.

Description

Data of the type clock stores a time measurement in seconds and has a resol ution of
0.01 seconds.

Example
VAR clock clockl;
ClkReset clockl;

The clock, clockl, isdeclared and reset. Before using ClkReset, ClkStart, ClkStop and
ClkRead, you must declare a variable of data type clock in your program.

Limitations
The maximum time that can be stored in a clock variable is approximately 49 days
(4,294,967 seconds). The instructions ClkSart, ClkStop and ClkRead report clock
overflowsin the very unlikely event that one occurs.

A clock must be declared as a VAR variable type, not as a persistent variable type.

Characteristics

Clock isanon-value data type and cannot be used in value-oriented operations.

Related | nfor mation

Described in:
Summary of Time and Date Instructions RAPID Summary - System & Time
Non-value data type characteristics Basic Characteristics - Data Types
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confdata Robot configuration data

Confdata is used to define the axis configurations of the robot.

Description

All positions of the robot are defined and stored using rectangular coordinates. When
calculating the corresponding axis positions, there will often be two or more possible
solutions. This meansthat the robot is able to achieve the same position, i.e. thetool is
in the same position and with the same orientation, with several different positions or
configurations of the robots axes.

Some robot types use iterative numerical methods to determine the robot axes
positions. In these cases the configuration parameters may be used to define good
starting values for the joints to be used by the iterative procedure.

To unambiguously denote one of these possible configurations, the robot configuration
Is specified using four axis values. For arotating axis the value defines the current
guadrant of the robot axis. The quadrants are numbered 0, 1, 2, etc. (they can also be
negative). The quadrant number is connected to the current joint angle of the axis. For
each axis, quadrant O isthe first quarter revolution, 0 to 90°, in a positive direction
from the zero position; quadrant 1 is the next revolution, 90 to 180°, etc. Quadrant -1
is the revolution 0° to (-90°), etc. (see Figure 1).

- 3
o
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For a linear axis, the value defines a meter interval for the robot axis. For each 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. (see
Figure 2)

Figure 1 The configuration quadrants for axis 6.
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Figure 2 Configuration valuesfor a linear axis

Robot Configuration data for IRB540, 640

Only the configuration parameter cf6 is used.

Robot Configuration data for 1RB1400, 2400, 3400, 4400, 6400

Only the three configuration parameters cf1, cf4 and cf6 are used.

Robot Configuration data for IRB5400

All four configuration parameters are used. cf1, cf4, cf6 for joints 1, 4, and 6
respectively and cfx for joint 5.

Robot configuration data for 6400C

The IRB 6400C requiresadlightly different way of unambiguously denoting one robot
configuration. The difference liesin the interpretation of the confdata cf1.

cf1is used to select one of two possible main axes (axes 1, 2 and 3) configurations:

- cf1 = 0 istheforward configuration
- cf1 = 1 isthe backward configuration.

Figure 3 shows an example of aforward configuration and a backward configuration
giving the same position and orientation.
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FORWARD,
cfl=0
BACKWARD,
cfl = 1.

Figure 3 Same position and orientation with two different main axes configurations.

The forward configuration is the front part of the robot’'s working area with the arm
directed forward. The backward configuration is the service part of the working area
with the arm directed backwards.

Robot configuration data for |RB5404, 5406
The robots have two rotation axes (arms 1 and 2) and one linear axis (arm 3).
cfl is used for the rotating axis 1
cfx is used for the rotating axis 2

cf4 and cf6 are not used

Robot Configuration data for IRB5413, 5414, 5423

The robots have two linear axes (arms 1 and 2) and one or two rotating axes (arms 4
and 5) (Arm 3 locked)

cfl is used for the linear axis 1
cfx is used for the linear axis 2
cf4 is used for the rotating axis 4

cf6 is not used

System DataTypes and Routines 1-confdata-3
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Robot configuration data for IRB840

The robot has three linear axes (arms 1, 2 and 3) and one rotating axis (arm 4)

cflisused for the linear axis 1

cfx isused for the linear axis 2

cf4 isused for the rotating axis 4

cf6 is not used

Because of the robot’s mainly linear structure, the correct setting of the configuration
parameters c1, cx is of less importance.

Components

cfl

cf4

cf6

cfx

1-confdata-4
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Rotating axis:

The current quadrant of axis 1, expressed as a positive or negative integer.

Linear axis:

The current meter interval of axis 1, expressed as a positive or negative integer.
Data typenum

Rotating axis:

The current quadrant of axis 4, expressed as a positive or negative integer.

Linear axis:

The current meter interval of axis 4, expressed as a positive or negative integer.
Data typenum

Rotating axis:

The current quadrant of axis 6, expressed as a positive or negative integer.

Linear axis:

The current meter interval of axis 6, expressed as a positive or negative integer.
Data typenum

Rotating axis:

System DataTypes and Routines
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For the IRB5400 robot, the current quadrant of axis 5, expressed as a positive or
negativeinteger. For other robots, using the current quadrant of axis 2, expressed
as apositive or negative integer.

Linear axis:

The current meter interval of axis 2, expressed as a positive or negative integer.

Example
VAR confdataconf15 :=[1, -1, 0, 0]
A robot configuration conf15 is defined as follows:

- The axis configuration of the robot axis 1 is quadrant 1, i.e. 90-180°.
- The axis configuration of the robot axis 4 is quadrant -1, i.e. 0-(-90°).
- The axis configuration of the robot axis 6 is quadrant 0, i.e. 0 - 90°.

- The axis configuration of the robot axis 5 is quadrant 0, i.e. 0 - 90°.

Structure

< dataobject of confdata >
< ¢fl of num>
< cf4 of num>
< ¢f6 of num>
< cfx of num>

Related infor mation

Described in:

Coordinate systems Motion and 1/0O Principles -
Coordinate Systems

Handling configuration data Motion and 1/O Principles - Robot

Configuration
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dionum Digital valuesO- 1

Dionum (digital input output numeric) isused for digital values (0 or 1).

Thisdatatypeisused in conjunction with instructions and functions that handle digital
input or output signals.

Description

Data of the type dionum represents adigital value O or 1.

Examples
CONST dionum close := 1;
Definition of a constant close with avalue equal to 1.
SetDO gripl, closeg;

Thesignal griplissettoclosg, i.e. 1.

Error handling

If an argument of the type dionum has a value that is neither equal to O nor 1, an error
is returned on program execution.

Characteristics

Dionumis an alias data type for num and consequently inherits its characteristics.

Related infor mation

Described in:
Summary input/output instructions RAPID Summary -

Input and Output Sgnals
Configuration of 1/0 User's Guide -System Parameters
Alias data types Basic Characteristibsta Types
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errnum Error number

Errnumisused to describe all recoverable (non fatal) errorsthat occur during program
execution, such as division by zero.

Description

If the robot detects an error during program execution, this can be dealt with in the
error handler of the routine. Examples of such errors are values that are too high and
division by zero. The system variable ERRNO, of type errnum, isthus assigned
different values depending on the nature of an error. The error handler may be able to
correct an error by reading this variable and then program execution can continue in
the correct way.

An error can also be created from within the program using the RAISE instruction.
Thisparticular type of error can be detected in the error handler by specifying an error
number (within the range 1-90 or booked with instruction BookErrNo) as an argument
to RAISE.

Examples
regl :=reg2/ reg3;

ERROR
IF ERRNO = ERR_DIVZERO THEN
reg3 = 1;
RETRY;
ENDIF

If reg3 = 0, the robot detects an error when division istaking place. Thiserror,
however, can be detected and corrected by assigning reg3 the value 1. Following
this, the division can be performed again and program execution can continue.

CONST errnum machine_error := 1;
iF di1=0 RAISE machine _error;

ERROR
IF ERRNO=machine_error RAISE;

An error occursin amachine (detected by means of theinput signal dil). A jump
is made to the error handler in the routine which, in turn, callsthe error handler
of the calling routine where the error may possibly be corrected. The constant,
machine_error, isused to let the error handler know exactly what type of error
has occurred.

System DataTypes and Routines 1-errnum-1
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Predefined data

1-errnum-2

The system variable ERRNO can be used to read the latest error that occurred. A
number of predefined constants can be used to determine the type of error that has

occurred.

Name
ERR_ALRDYCNT

ERR_ARGDUPCND
ERR_ARGNAME

ERR_ARGNOTPER
ERR_ARGNOTVAR
ERR_AXIS ACT
ERR_AXIS IND
ERR_AXIS MOVING
ERR_AXIS PAR

ERR CALLIO_INTER
ERR_CALLPROC

ERR_CNTNOTVAR

ERR_CNV_NOT_ACT
ERR_CNV_CONNECT
ERR_CNV_DROPPED

ERR_DEV_MAXTIME

ERR_DIVZERO
ERR_EXCRTYMAX
ERR_EXECPHR

ERR_FILEACC
ERR_FILEOPEN
ERR_FILNOTFND
ERR_FNCNORET
ERR_FRAME
ERR_ILLDIM
ERR_ILLQUAT

Cause of error
The interrupt variable is already connected to a
TRAP routine

More than one present conditional argument for
the same parameter

Argument is expression, not present or of type switch
when executing ArgName

Argument is not a persistent reference
Argument is not avariable reference
Axisisnot active

Axisis not independent

Axisismoving

Parameter axisin instruction TestSign and
SetCurrRef iswrong.

If an IOEnable or IODisable request isinterrupted
by another request to the same unit

Procedure call error (not procedure)
at runtime (late binding)

CONNECT target is not a variable reference
The conveyor is not activated.
The WaitWbbj instruction is aready active.

The object that the instruction Wait\Wbbj was
waiting for has been dropped.

Timeout when executing a ReadBin, ReadNum or a
ReadStr instruction

Division by zero
Max. number of retries exceeded

An attempt was made to execute an instruction using
aplace holder

A fileis accessed incorrectly

A file cannot be opened

File not found

No return value

Unable to calculate new frame

Incorrect array dimension

Attempt to use illegal orientation (quaternion) valve

System DataTypes and Routines
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ERR_ILLRAISE
ERR_INOMAX
ERR_IOENABLE
ERR_IOERROR
ERR_IODISABLE
ERR_LOADED
ERR_LOADID_FATAL
ERR_LOADID_RETRY
ERR_MAXINTVAL
ERR_MODULE
ERR_NAME_INVALID

ERR_NEGARG
ERR_NOTARR
ERR_NOTEQDIM

ERR_NOTINTVAL
ERR_NOTPRES

ERR_OUTOFBND
ERR_PATH
ERR_PATHDIST
ERR_PID_MOVESTOP
ERR _PID_RAISE PP
ERR_RCVDATA

ERR_REFUNKDAT
ERR_REFUNKFUN
ERR_REFUNKPRC

ERR_REFUNKTRP
ERR_SC WRITE
ERR_SIGSUPSEARCH

ERR_STEP PAR
ERR_STRTOOLNG
ERR_SYM_ACCESS
ERR TP _DIBREAK

ERR_TP_MAXTIME
ERR_UNIT_PAR

ERR_UNKINO

System DataTypes and Routines
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Error number in RAISE out of range

No more interrupt numbers available
Timeout when executing |OEnable

[/O Error from instruction Save

Timeout when executing 10Disable

The program module is already |oaded
Only internal usein Loadld

Only internal usein Loadld

The integer value istoo large

Incorrect module name in instruction Save

If the unit name does not exist or if the unit is not
allowed to be disabled

Negative argument is not allowed
Dataisnot an array

The array dimension used when calling the routine
does not coincide with its parameters

Not an integer value

A parameter is used, despite the fact that the
corresponding argument was not used at the routine
call

The array index is outside the permitted limits
Missing destination path in instruction Save

Too long regain distance for StartMove instruction
Only internal usein Loadld

Error from ParldRobValid or ParldPosValid

An attempt was made to read non numeric data with
ReadNum

Reference to unknown entire data object
Reference to unknown function

Reference to unknown procedure at linking time or
at run time (late binding)

Reference to unknown trap
Error when sending to external computer

The signal has already a positive value at the
beginning of the search process

Parameter Step in SetCurrRef iswrong

The string istoo long

Symbol read/write access error

A TPRead instruction was interrupted by adigital
input

Timeout when executing a TPRead instruction

Parameter Mech_unit in TestSign and SetCurrRef is
wrong

Unknown interrupt number
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ERR_UNKPROC Incorrect reference to the load session in instruction
WaitL oad

ERR_UNLOAD Unload error in instruction UnLoad or WaitL oad

ERR_WAIT _MAXTIME Timeout when executing a WaitDI or WaitUntil
instruction

ERR_WHLSEARCH No search stop

Characteristics

Errnumis an alias data type for num and consequently inherits its characteristics.

Related information

Described in:
Error recovery RAPID Summary - Error Recovery
Basic Characteristics - Error Recovery
Datatypesin general, alias datatypes Basic Characteristics - Data Types

1-errnum-4 System DataTypes and Routines



Data Types extjoint

extjoint Position of external joints

Extjoint is used to define the axis positions of external axes, positioners or workpiece
mani pulators.

Description

The robot can control up to six external axesin addition to its six internal axes, i.e. a
total of twelve axes. The six external axes are logically denoted: a, b, c, d, e, f. Each
such logical axis can be connected to a physical axisand, in this case, the connection
is defined in the system parameters.

Data of thetype extjoint isused to hold position valuesfor each of thelogical axesa- f.
For each logical axis connected to a physical axis, the position is defined as follows:

- For rotating axes — the position is defined as the rotation in degrees from the
calibration position.

- For linear axes — the position is defined as the distance in mm from the calibra-
tion position.

If a logical axis is not connected to a physical one, the value 9E9 is used as a position
value, indicating that the axis is not connected. At the time of execution, the position
data of each axis is checked and it is checked whether or not the corresponding axis is
connected. If the stored position value does not comply with the actual axis connection,
the following applies:

- If the position is not defined in the position data (value is 9E9), the value will
be ignored if the axis is connected and not activated. But if the axis is activated,
it will result in an error.

- If the position is defined in the position data, although the axis is not connected,
the value will be ignored.

If an external axis offset is used (instructe@ffsOn or EOffsSet), the positions are
specified in the ExtOffs coordinate system.

Components

eax_a (external axis a) Data typenum

The position of the external logical axis “a”, expressed in degrees or mm
(depending on the type of axis).

eax_b (external axisb) Data typenum

The position of the external logical axis “b”, expressed in degrees or mm
(depending on the type of axis).
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eax_f (external axisf) Data type: num

The position of the external logical axis “f”, expressed in degrees or mm (depend-
ing on the type of axis).

Example
VAR extjoint axpos10 :=[ 11, 12.3, 9E9, 9E9, 9E9, 9E9] ;
The position of an external positionaxposl0, is defined as follows:

- The position of the external logical axis “a” is set to 11, expressed in degrees or
mm (depending on the type of axis).

- The position of the external logical axis “b” is set to 12.3, expressed in degrees
or mm (depending on the type of axis).

- Axes c to f are undefined.

Sructure

< dataobject oéxtjoint >
< eax_a of num >
< eax_b of num >
< eax_c of num>
< eax_d of num >
< eax_eof num>
< eax_f of num>

Related information

Described in:
Position data Data Typesabtarget
ExtOffs coordinate system InstructionE®ffsOn
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intnum I nterrupt identity

Intnum (interrupt numeric) is used to identify an interrupt.

Description

When a variable of type intnum is connected to atrap routine, it is given a specific
valueidentifying the interrupt. Thisvariable isthen used in al dealings with the inter-
rupt, such as when ordering or disabling an interrupt.

Morethan oneinterrupt identity can be connected to the sametrap routine. The system
variable INTNO can thus be used in atrap routine to determine the type of interrupt that
ocCcurs.

Examples
VAR inthum feeder_error;

CONNECT feeder_error WITH correct_feeder;
ISignalDI dil, 1, feeder_error;

Aninterrupt isgenerated when theinput dilisset to 1. When this happens, acall
is made to the correct_feeder trap routine.
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VAR inthum feederl _error;
VAR inthum feeder2_error;

iDROC init_interrupt();

' CONNECT feederl_error WITH correct_feeder;
ISignalDI dil, 1, feederl error;
CONNECT feeder2 error WITH correct_feeder;
ISignalDI di2, 1, feeder2_error;

ENDPROC

;I'RA P correct_feeder
IF INTNO=feederl_error THEN

ELSE
ENDIF
ENDTRAP
Aninterrupt is generated when either of theinputsdil or di2issetto 1. A cal is

then madeto thecorrect_feeder trap routine. The system variableINTNO isused
in the trap routine to find out which type of interrupt has occurred.

Limitations

The maximum number of active variables of type inthum at any one time (between
CONNECT and IDelete) is limited to 40.The maximum number of interrupts, in the
gueue for execution of TRAP routine at any onetime, is limited to 30.

Characteristics

Inthumis an alias data type for num and thus inherits its properties.

Related information

Described in:
Summary of interrupts RAPID Summary - Interrupts
Alias datatypes Basic Characteristics-

Data Types
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jodev Serial channelsand files

lodev (1/0 device) isused for serial channels, such as printers and files.

Description

Data of the type iodev contains areference to afile or serial channel. It can be linked
to the physical unit by means of the instruction Open and then used for reading and
writing.

Example
VAR iodev filg;

bpen "flp1:LOGDIR/INFILE.DOC", file\Read;
input := ReadNum(file);

Thefile INFILE.DOC is opened for reading. When reading from thefile, fileis
used as areference instead of the file name.

Characteristics

lodev is a non-value data type.

Related infor mation

Described in:
Communication via serial channels RAPID Summary - Communication
Configuration of serial channels User’s Guide System Parameters
Characteristics of non-value data types Basic Characteriddiat-Types
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jointtar get Joint position data

Jointtarget is used to define the position that the robot and the external axeswill move
to with the instruction MoveAbs].

Description
Jointtarget defines each individual axis position, for both the robot and the external
axes.

Components
robax (robot axes) Data type: robjoint

AXis positions of the robot axes in degrees.

Axis positionisdefined asthe rotation in degreesfor the respective axis (arm) in
apositive or negative direction from the axis calibration position.

extax (external axes) Data type: extjoint
The position of the external axes.

The position is defined as follows for each individual axis (eax_a, eax b ...
eax_f):

- For rotating axes, the position is defined as the rotation in degrees from the cal-
ibration position.

- For linear axes, the position is defined as the distance in mm from the calibra-
tion position.

External axeseax_a ... are logical axes. How the logical axis number and the
physical axis number are related to each other is defined in the system parame-
ters.

The value 9E9 isdefined for axes which are not connected. If the axesdefinedin
the position datadiffer from the axesthat are actually connected on program exe-
cution, the following applies:

- If the position is not defined in the position data (value 9E9) the value will be
ignored, if the axisis connected and not activated. But if the axisis activated it
will result in error.

- If the position is defined in the position data yet the axis is not connected, the
valueisignored.

System DataTypes and Routines 1-jointtarget-1
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Examples
CONST jointtarget calib pos:=[[0,0,0,0,0, 0], [ 0, 9E9, 9E9, 9E9, 9E9, 9E9] |;
The normal calibration position for IRB2400 isdefined in calib_pos by the data

type jointtarget. The normal calibration position O (degrees or mm) isaso
defined for the external logical axis a. The external axes b to f are undefined.

Sructure

< dataobject of jointtarget >

< robax of robjoint >
<rax_1of num>
<rax_2 of num>
<rax_3of num>
<rax_4 of num>
<rax_5of num>
<rax_6 of num>

< extax of extjoint >
< eax_a of num>
< eax_b of num>
< eax_c of num>
< eax_d of num>
< eax_eof num>
< eax_f of num>

Related information

Described in:
Moveto joint position Instructions - MoveAbs]
Positioning instructions RAPID Summary - Motion
Configuration of external axes User’s Guide System Parameters
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loaddata L oad data

Loaddata is used to describe |oads attached to the mechanical interface of the robot
(the robot’s mounting flange).

Load data usually defines the payload (grip load is defined by the instruction
GripLoad) of the robot, i.e. the load held in the robot gripper. The tool load is specified
in the tool datatpoldata) which includes load data.

Description

A

Specified loads are used to set up a model of the dynamics of the robot so that the robot
movements can be controlled in the best possible way.

It isimportant to always define the actual tool load and when used, the payload
of therobot too. I ncorrect definitionsof load data can result in overloading of the
robot mechanical structure.

When incorrect load data is specified, it can often lead to the following consequences:

- If the value in the specified load data is greater than that of the value of the true
load;
-> The robot will not be used to its maximum capacity
-> Impaired path accuracy including a risk of overshooting
-> Risk of overloading the mechanical structure

If the value in the specified load data is less than the value of the true load;
-> Impaired path accuracy including a risk of overshooting
-> Risk of overloading the mechanical structure

The payload is connected/disconnected using the instrugtiphoad.

Components

mass Data typenum
The weight of the load in kg.

cog (centre of gravity) Data typepos
The centre of gravity of the payload (X, y, z) in mm, expressed in the tool
coordinate system.
If a stationary tool is used, it means the centre of gravity for the tool holding the
work object.

aom (axes of moment) Data typeorient

The orientation of the coordinate system defined by the inertial axes of the
payload. Expressed in the tool coordinate system as a quaternion (ql, g2, q3, g4).
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If astationary tool isused, it meanstheinertial axesfor thetool holding the work

object.

Restriction on orientation of atom and tool when an extended load isused, i
eix,iy,iznot all equal zero (point mass).

The orientation of the coordinate system defined by the inertial axes of the

payload may only be rotated multiples
axes of the tool coordinate system.

of +/- 90 degrees about each coordinate

The same restriction applies to the orientation of the tool coordinate system

relative to the wrist coordinate system.

The wrist coordinate system

Y Tool load coordinate system -
Inertial axes of tool load

Tool coordinate system

J)/'IY
»|Z

Payload coordinate system -
Inertial axes of payload
IX

Figure 4 Restriction on the orientation of tool load and payload coordinate system.

(inertia x)

Datatype: num

The moment of inertia of the load about its | X-axisrelative to its centre of mass

in kgm?.

Correct definition of theinertial moments of inertiawill alow optimal utilisation
of the path planner and axes control. This may be of special importance when
handling large sheets of metal, etc. All inertial moments of inertiaix, iy and iz

equal to 0 kgm? implies a point mass.
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Wrist coordinate system

Y
L 7 \<Gri pper
/Y’ Tool coordinate system

Zl
]

Y Y )
Payload coordinate

- system -

> 12 Inertial axes of payload

X \
Payload

IX

The centre of gravity of the payload

Figure5 The centre of gravity and inertial axes of the payload.

Normally, theinertial moments of inertiamust only be defined when the distance
from the mounting flange to the centre of gravity isless than the dimension of
the load (see Figure 6).

Figure 6 The moment of inertia must normally be defined when the distance isless than the load
dimension.

ly (inertiay) Data type: num
The inertial moment of inertia of the load about its I'Y-axis, expressed in kgmz.
For more information, see ix.

iz (inertia 2) Data type: num
Theinertial moment of inertia of the load about its | Z-axis, expressed in kgm?.

For more information, seeix.
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Examples
PERS loaddata piecel :=[ 5, [50, O, 50], [1, 0, 0, 0], O, O, O];
The payload in Figure 4 is described using the following values:

- Weight 5 kg.

- The centre of gravity isx =50, y = 0 and z = 50 mm in the tool coordinate
system.

- The payload is a point mass.

Set gripper;
WaitTime 0.3;
GripLoad piecel,;

Connection of the payload, piecel, specified at the same time as the robot grips
the load piecel.

Reset gripper;
WaitTime 0.3;
GripLoad load0;

Disconnection of a payload, specified at the same time as the robot releases a
payload.

Limitations

The payload should only be defined as a persistent variable (PERS) and not within a
routine. Current values are then saved when storing the program on diskette and are
retrieved on loading.

Arguments of the type load data in the GripLoad instruction should only be an entire
persistent (not array element or record component).

Predefined data

The load load0 defines a payload, the weight of which isequal to 0 kg, i.e. no load at
al. Thisload is used as the argument in the instruction GripLoad to disconnect a
payload.

Theload loadO can always be accessed from the program, but cannot be changed (it is
stored in the system module BASE).

PERS loaddata loadO := [ 0.001, [0, 0, 0.001], [1, 0, 0, 0],0,0,0];
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Sructure

< dataobject of loaddata >
< mass of num >
< cog of pos>
< x of num>
<y of num>
<zof num>
<aomof orient >
<l of num>
< g2 of num>
< g3 of num>
< g4 of num>
<ixof num>
<iyof num>
<izof num>

Related infor mation

Described in:
Coordinate systems Motion and 1/0O Principles -
Coordinate Systems
Definition of tool loads Data Types - tooldata
Activation of payload Instructions - GripLoad
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loadsession Program load session

Loadsession is used to define different load sessions of RAPID program modules.

Description

Data of the type loadsession is used in the instructions StartLoad and WaitLoad, to
identify the load session. Loadsession only contains a reference to the load session.

Characteristics

Loadsession is a non-value data type and cannot be used in value-oriented operations.

Related infor mation

Described in:
L oading program modules during execution  Instructions - SartLoad, WaitLoad
Characteristics of non-value data types Basic Characteristics - Data Types
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mecunit M echanical unit

Mecunit is used to define the different mechanical units which can be controlled and
accessed from the robot and the program.

The names of the mechanical units are defined in the system parameters and, conse-
guently, must not be defined in the program.

Description

Data of the type mecunit only contains a reference to the mechanical unit.

Limitations

Data of the type mecunit must not be defined in the program. The datatype can, on the
other hand, be used as a parameter when declaring a routine.

Predefined data

The mechanical units defined in the system parameters can always be accessed from
the program (installed data).

Characteristics

Mecunit is a non-value data type. This means that data of this type does not permit
value-oriented operations.

Related infor mation

Described in:
Activating/Deactivating mechanical units Instructions - ActUnit, DeactUnit
Configuration of mechanical units User’s Guide System Parameters
Characteristics of non-value data types Basic Characteriddiag-Types
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motsetdata M otion settings data

Motsetdata is used to define a number of motion settings that affect all positioning
instructions in the program:

- Max. velocity and velocity override

- Acceleration data

- Behavior around singular points

- Management of different robot configurations

- Payload

- Override of path resolution

- Motion supervision
This data type does not normally have to be used since these settings can only be set

using the instructions Vel Set, AccSet, SngArea, ConfJ, ConfL, GripLoad,
PathResol and MotionSup.

The current values of these motion settings can be accessed using the system variable
C MOTSET.

Description

The current motion settings (stored in the system variable C_ MOTSET) affect all
movements.

Components

vel.oride Data type: veldata/num
Velocity as a percentage of programmed velocity.

vel.max Data type: veldata/num
Maximum velocity in mm/s.

acc.acc Data type: accdata/num
Acceleration and decel eration as a percentage of the normal values.

acc.ramp Data type: accdata/num

The rate by which acceleration and decel eration increases as a percentage of the
normal values.
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sing.wrist Data type: singdata/bool

The orientation of the tool is allowed to deviate somewhat in order to prevent
wrist singularity.

sing.arm Data type: singdata/bool

The orientation of thetool isallowed to deviate somewhat in order to prevent arm
singularity (not implemented).

sing.base Datatype: singdata/bool
The orientation of the tool is not allowed to deviate.

conf.jsup Datatype: confsupdata/bool
Supervision of joint configuration is active during joint movement.

conf.lsup Data type: confsupdata/bool
Supervision of joint configuration isactive during linear and circular movement.

conf.ax1 Data type: confsupdata/num
Maximum permitted deviation in degrees for axis 1 (not used in this version).

conf.ax4 Data type: confsupdata/num
Maximum permitted deviation in degrees for axis 4 (not used in this version).

conf.ax6 Data type: confsupdata/num
Maximum permitted deviation in degrees for axis 6 (not used in this version).

grip.load Datatype:gripdata/loaddata
The payload of the robot (not including the gripper).

pathresol Datatype: num

Current override in percentage of the configured path resolution.

motionsup Data type: bool
Mirror RAPID status (TRUE = On and FAL SE = Off) of motion supervision
function.

tunevalue Data type: num

Current RAPID override as a percentage of the configured tunevalue for the
motion supervision function.
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Limitations

One and only one of the components sing.wrist, sing.armor sing.base may have a
value equal to TRUE.

Example
IF C_MOTSET.vel.oride > 50 THEN
ELSE
ENDIF
Diffe_rsnt parts of the program are executed depending on the current velocity
override.

Predefined data

C_MOTSET describes the current motion settings of the robot and can aways be
accessed from the program (installed data). C_ MOTSET, on the other hand, can only
be changed using a number of instructions, not by assignment.

The following default values for motion parameters are set

- at acold start-up
- when anew program is loaded
- when starting program execution from the beginning.

PERS motsetdataC_MOTSET =
[ 100, 500],-> veldata
[ 100, 100 ],-> accdata
[ FALSE, FALSE, TRUE ],-> singdata
[ TRUE, TRUE, 30, 45, 90],-> confsupdata
[[0,[0,0,0],[1,0,0,01,0,0, Q] ],-> gripdata
[100],-> path resolution
[TRUE ],-> motionsup
[100] ];-> tunevalue
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Data Types

Structure

<dataobject of motsetdata>
<vel of veldata >
< oride of num >
< max of num>
<acc of accdata >
< acc of num>
< ramp of num>
<sing of singdata >
< wrist of bool >
< arm of bool >
< base of bool >
<conf of confsupdata >
< jsup of bool >
<lsup of bool >
< ax1 of num>
< ax4 of num>
< ax6 of num>
<grip of gripdata >
< load of loaddata >
< mass of num>
< cog of pos >
< xof num>
<y of num>
< zof num>
<aomof orient >
<l of num>
< g2 of num>
< g3 of num>
< g4 of num>
<ixof num>
<iy of num>
<izof num>
<pathresol of num>
<motionsup of bool>
<tunevalue of num>

-> Affected by instruction Vel Set

-> Affected by instruction AccSet

-> Affected by instruction SingArea

-> Affected by instructions ConfJ and ConfL

-> Affected by instruction GripLoad

-> Affected by instruction PathResol
-> Affected by instruction MotionSup
-> Affected by instruction MotionSup

Related information

Described in:

Instructions for setting motion parameters RAPID Summary -

1-motsetdata-4
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num Numeric values (registers)

Num s used for numeric values; e.g. counters.

Description
The value of the num data type may be

- an integer; e.q. -5,

- adecimal number; e.g. 3.45.
It may also be written exponentially; e.g.2E3 (= 2* 103 = 2000), 2.5E-2 (= 0.025).
Integers between -8388607 and +8388608 are always stored as exact integers.
Decimal numbers are only approximate numbers and should not, therefore, be used in

isequal to or isnot equal to comparisons. In the case of divisions, and operationsusing
decimal numbers, the result will also be a decimal number; i.e. not an exact integer.

E.g. a:= 10,

b:=5;

IF alb=2 THEN Asthe result of a/b is not an integer,
this condition is not necessarily
satisfied.

Example
VAR num reg1,
regi =3

regl is assigned the value 3.

a:=10DIV 3;
b:=10MOD 3;

Integer division where a is assigned an integer (=3) and b is assigned the
remainder (=1).

Predefined data
The constant pi () is aready defined in the system module BASE.
CONST num pi := 3.1415926;
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The constants EOF_BIN and EOF_NUM are already defined in the system.
CONST num EOF _BIN :=-1,
CONST num EOF_NUM := 9.998E36;

Related information

Described in:
Numeric expressions Basic Characteristics - Expressions
Operations using numeric values Basic Characteristics - Expressions
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0_jointtarget Original joint position data

0_jointtarget (original joint target) is used in combination with the function Absolute
Limit Modpos. When thisfunction is used to modify aposition, the original positionis
stored as a data of the type o_jointtarget.

Description

If thefunction Absolute Limit Modposis activated and anamed position in amovement
instruction is modified with the function Modpos, then the original programmed posi-
tion is saved.

Example of a program before Modpos:

CONST jointtarget jpos40  :=][0, 0, 0, 0, 0, 0],
[0, 9E9, 9E9, 9E9, 9E9, 9E9]];

MoveAbs] jpos0, v1000, z50, tool 1;

The same program after ModPos in which the point jpos40 is corrected to 2 degrees
for robot axis 1:

CONST jointtarget jpos40 =1[[2,0,0,0,0,0],

[0, 9E9, 9E9, 9E9, 9E9, 9E9]];
CONST o _jointtarget o_jpos40 :=[[0, 0, 0, 0, 0, 0],

[0, 9E9, 9E9, 9E9, 9E9, 9E9]];

MoveAbsJ jpos40, v1000, z50, tool 1:

The original programmed point has now been saved in o_jpos40 (by the data type
0_jointtarget) and the modified point saved in jpos40 (by the data type jointtarget).

By saving the original programmed point, the robot can monitor that further Modpos
of the point in question are within the acceptable limits from the original programmed
point.

The fixed name convention means that an original programmed point with the name
XXxXxX is saved with the name o_xxxxx by using Absolute Limit Modpos.

Components
robax (robot axes) Datatype: robjoint

AXxis positions of the robot axes in degrees.
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extax (external axes) Datatype: extjoint

The position of the external axes.

Structure

< dataobject of o_jointtarget >

< robax of robjoint>
<rax_1of num>
<rax_2 of num>
<rax_3of num>
<rax_4 of num>
< rax_5 of num>
< rax_6 of num>

< extax of extjoint >
< eax_aof num>
< eax_b of num>
< eax_c of num>
< eax_d of num>
< eax_eof num>
< eax_f of num>

Related infor mation

Described in:
Position data Data Types - Jointtarget
Configuration of Limit Modpos User’s Guide System Parameters
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orient Orientation

Orient isused for orientations (such asthe orientation of atool) and rotations (such as
the rotation of a coordinate system).

Description

The orientation is described in the form of a quaternion which consists of four ele-
ments. g1, g2, g3 and g4. For more information on how to calculate these, see below.

Components
ql Datatype: num
Quaternion 1.
g2 Datatype: num
Quaternion 2.
g3 Data type: num
Quaternion 3.
g4 Datatype: num
Quaternion 4.
Example

VAR orient orientl;
6rient1 =[1,0,0,0];

The orientl orientation isassigned the value g1=1, q2-g4=0; this corresponds to
no rotation.

Limitations

The orientation must be normalised; i.e. the sum of the squares must equal 1:

a+q3+q5+q7 =
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What isa Quaternion?

The orientation of a coordinate system (such as that of atool) can be described by a
rotational matrix that describes the direction of the axes of the coordinate system in
relation to a reference system (see Figure 7).

Rotated
coordinate
system

Reference
coordinate
X system

y

Figure 7 The rotation of a coordinate systemis described by a quaternion.

The rotated coordinate systems axes (X, Y, z) are vectors which can be expressed in the
reference coordinate system as follows:

X = (X1, X2, X3)
y=(1Y2 Y3
2=(24, 2p, Z3)

This means that the x-component of the x-vector in the reference coordinate system
will be x;, the y-component will be x, etc.

These three vectors can be put together in a matrix, a rotational matrix, where each of
the vectors form one of the columns:

X191 4
X2 Y2 25

X3 Y3 73

A guaternion isjust a more concise way to describe this rotational matrix; the quater-
nions are calculated based on the elements of the rotational matrix:

X +Y,+23+1

ql = >

q2 = —’V)(l_y22_23+1 ggn q2 = ggn (y3_22)

Mozt Sign g3 = sign (1-X3)

2

[Z3—X =Y, +1

4 = sign g4 = sign (xz-yy)

a3 =
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Example 1

A tool is orientated so that its Z’-axis points straight ahead (in the same direction as t
X-axis of the base coordinate system). The Y’-axis of the tool corresponds to the Y-
axis of the base coordinate system (see Figure 8). How is the orientation of the tool
defined in the position data (robtarget)?

The orientation of the tool in a programmed position is normally related to the coordi-
nate system of the work object used. In this example, no work object is used and the
base coordinate system is equal to the world coordinate system. Thus, the orientation
is related to the base coordinate system.

Figure 8 Thedirection of a tool in accordance with example 1.
The axes will then be related as follows:

x'=-z=(0,0,-1)

y'=y=(0,10)
Z=x=(1,0,0)
001
Which corresponds to the following rotational matrixj 0 1 0
-10

The rotational matrix provides a corresponding quaternion:

qr = L0FL¥0+L W2 gy

7 2
2 = —@ =0
g3 = =020 %2 = 0,707 sign q3 = sign (1+1) = +
g4 = @ o

Example 2

The direction of the tool is rotated®@bout the X'- and Z’-axes in relation to the wrist

coordinate system (see Figure 8). How is the orientation of the tool defined in the tool
data?
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Figure 9 Thedirection of the tool in accordance with example 2.
The axes will then be related as follows:

X' = (cos3@®, 0, -sin36)
x' = (0, 1, 0)

X' = (sin3®, 0, cos36) 30° 0 N30
cos30° 0 sin30°

Which corresponds to the following rotational matrjx: 0 1 0
—sin30° 0 cos30°
The rotational matrix provides a corresponding quaternion:

ql = J/c0s30° + 1 + cos30° + 1
2

= 0,965926

c0s30°—1—-co0s30° + 1 -

5 0

a2 =

g3 = 1- 0053002_ cos3+1_ 0,258819 sign g3 = sign (sin30%+sin30°) = +

c0s30° —cos30° -1+ 1 -

5 0

o4 =

Structure

<dataobject obrient>
<gl of num>
<g2 of num>
<@g3 of num>
<g4 of num>

Related infor mation

Described in:
Operations on orientations Basic Characteristiespressions
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O_robtarget Original position data

0_robtarget (original robot target) is used in combination with the function Absolute
Limit Modpos. When thisfunction is used to modify aposition, the original positionis
stored as a data of the type o_robtarget.

Description

If thefunction Absolute Limit Modposis activated and anamed position in amovement
instruction is modified with the function Modpos, then the original programmed posi-
tion is saved.

Example of a program before Modpos:

CONST robtarget p50 = [[500, 500, 500], [1, 0, 0, 0], [1, 1, 0, 0],
[500, 9E9, 9E9, 9E9, 9E9, 9E9] |;

MoveL p50, v1000, z50, tool1;

The same program after ModPos in which the point p50 is corrected to 502 in the x-
direction:

CONST robtarget p50 :=[[502, 500, 500], [1, 0, 0, 0], [1, 1, 0, O],
[500, 9E9, 9E9, 9E9, 9E9, 9E9] |;

CONST o _robtarget o p50 :=[[500, 500, 500], [1, 0, 0, 0], [1, 1, O, O],
[ 500, 9E9, 9E9, 9E9, 9E9, 9E9] |;

Movel p50, v1000, Z50, tool1;

The original programmed point has now been saved in o_p50 (by the datatype
0_robtarget) and the modified point saved in p50 (by the data type robtarget).

By saving the original programmed point, the robot can monitor that further Modpos
of the point in question are within the acceptable limits from the original programmed
point.

The fixed name convention means that an original programmed point with the name
XXxXxX is saved with the name o_xxxxx by using Absolute Limit Modpos.

Components
trans (tranglation) Datatype: pos

The position (X, y and z) of thetool centre point expressed in mm.
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rot (rotation) Datatype: orient

The orientation of thetool, expressed in the form of aquaternion (g1, g2, g3 and g4).
robconf (robot configuration) Data type: confdata

The axis configuration of the robot (cf1, cf4, cf6 and cfx).

extax (external axes) Data type: extjoint

The position of the external axes.

Sructure

< dataobject of o0_robtarget >
< transof pos>
< x of num>
<y of num>
<zof num>
<rot of orient >
<@l of num>
< g2 of num>
< g3 of num>
< g4 of num>
< robconf of confdata >
< cfl of num>
< cf4 of num>
< cf6 of num>
< cfx of num>
< extax of extjoint >
< eax_aof num>
< eax_b of num>
< eax_c of num>
< eax_d of num>
< eax_eof num>
< eax_f of num>

Related information

Described in:
Position data Data Types - Robtarget
Configuration of Limit Modpos User’s Guide System Parameters
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posS Positions (only X, Y and Z)

Posis used for positions (only X, Y and Z).

Therobtarget data type is used for the robot’s position including the orientation of the
tool and the configuration of the axes.

Description

Data of the typgos describes the coordinates of a position: X, Y and Z.

Components
X Data typenum
The X-value of the position.
y Data typenum
The Y-value of the position.
z Data typenum
The Z-value of the position.
Examples

VAR pos posli,;
pos1 = [500, 0, 940];

Theposl position is assigned the value: X=500 mm, Y=0 mm, Z=940 mm.
posl.x := posl.x + 50;

Theposl position is shifteds0 mm in the X-direction.

Structure

<dataobject opos>
<x of num>
<y of num>
<z of num>
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Related infor mation

Described in:
Operations on positions Basic Characteristics - Expressions
Robot position including orientation Data Types- robtarget
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pose Coordinate transfor mations

Poseis used to change from one coordinate system to another.

Description

Data of the type pose describes how a coordinate system is displaced and rotated
around another coordinate system. The data can, for example, describe how the tool
coordinate system is located and oriented in relation to the wrist coordinate system.

Components
trans (translation) Data type: pos
The displacement in position (X, y and z) of the coordinate system.
rot (rotation) Datatype: orient
The rotation of the coordinate system.
Example
VAR pose framel;

i‘ramel.trans =[50, 0, 40];
framel.rot :=[1, 0, O, O];

The framel coordinate transformation is assigned a value that correspondsto a
displacement in position, where X=50 mm, Y=0 mm, Z=40 mm; thereis, how-
ever, no rotation.

Structure

<dataobject of pose>
<trans of pos>
<rot of orient>

Related infor mation

Described in:
What is a Quaternion? Data Types - orient
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progdisp Program displacement

Progdisp is used to store the current program displacement of the robot and the exter-
nal axes.

This datatype does not normally have to be used since the dataiis set using the instruc-
tions PDispSet, PDispOn, PDispOff, EOffsSet, EOffsOn and EOffsOff. It isonly used
to temporarily store the current value for later use.

Description

Thecurrent valuesfor program displacement can be accessed using the system variable
C_PROGDISP.

For moreinformation, seetheinstructions PDispSet, PDispOn, EOffsSet and EOffsOn.

Components
pdisp (program displacement) Datatype: pose

The program displacement for the robot, expressed using atransation and an ori-
entation. The trandation is expressed in mm.

eoffs (external offset) Data type: extjoint

The offset for each of the external axes. If theaxisislinear, thevaueisexpressed
in mm; if it isrotating, the value is expressed in degrees.

Example
VAR progdisp progdispl,;

éearchL senl, psearch, pl10, v100, tool1;
PDispOn \ExeP:=psearch, *, tool1;
EOffsOn \ExeP:.=psearch, *;

progdispl:=C_PROGDISP;
PDispOff;
EOFfSOff:

iDDispSet progdispl.pdisp;
EOffsSet progdispl.eoffs,

First, a program displacement is activated from a searched position. Then, itis

temporarily deactivated by storing the value in the variable progdispl and, later
on, re-activated using the instructions PDispSet and EOffsSet.
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Predefined data

The system variable C_PROGDI SP describes the current program displacement of the
robot and external axes, and can always be accessed from the program (installed data).
C_PROGDISP, on the other hand, can only be changed using a number of instructions,
not by assignment.

Structure

< dataobject of progdisp >
<pdisp of pose>
< transof pos>
< xof num>
<y of num>
< zof num>
<rot of orient >
<@l of num>
< g2 of num>
< g3 of num>
< g4 of num>
< eoffs of extjoint >
<eax_aof num>
< eax_b of num>
< eax_c of num>
< eax_d of num>
< eax_eof num>
< eax_f of num>

Related information
Described in:
Ingtructions for defining program displacement RAPID Summary - Motion Settings

Coordinate systems Motion and 1/0O Principles -
Coordinate Systems
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robj oint Joint position of robot axes

Robjoint is used to define the axis position in degrees of the robot axes.

Description

Data of the type robjoint is used to store axis positions in degrees of the robot axes 1
to 6. Axisposition is defined as the rotation in degrees for the respective axis (arm) in
apositive or negative direction from the axis calibration position.

Components
rax_1 (robot axis 1) Data type: num

The position of robot axis 1 in degrees from the calibration position.

rax_6 (robot axis 6) Data type: num

The position of robot axis 6 in degrees from the calibration position.

Sructure

< dataobject of robjoint >
<rax_1 of num>
<rax_2 of num>
<rax_3of num>
<rax_4 of num>
<rax_5 of num>
<rax_6 of num>

Related infor mation

Described in:
Joint position data Data Types - jointtarget
Moveto joint position Instructions - MoveAbs]
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robtar get Position data

Robtarget (robot target) is used to define the position of the robot and external axes.

Description

Position datais used to define the position in the positioning instructions to which the
robot and external axes are to move.

Astherobot is able to achieve the same position in several different ways, the axis
configuration is also specified. This defines the axis valuesif these are in any way
ambiguous, for example:

- if therobot isin aforward or backward position,

- if axis 4 points downwards or upwards,
- if axis 6 has a negative or positive revolution.

including any program displacement. If the position is programmed with some
other work object than theoneused in theinstruction, therobot will not movein
the expected way. M ake sure that you use the same work object asthe one used
when programming positioning instructions. I ncor rect use can injure someone or
damagetherobot or other equipment.

f The position is defined based on the coordinate system of the work object,

Components
trans (tranglation) Datatype: pos
The position (X, y and z) of the tool centre point expressed in mm.

The position is specified in relation to the current object coordinate system,
including program displacement. If no work object is specified, thisisthe world
coordinate system.

rot (rotation) Datatype: orient
The orientation of thetool, expressed in the form of aquaternion (g1, g2, g3 and g4).
The orientation is specified in relation to the current object coordinate system,
including program displacement. If no work object is specified, thisisthe world
coordinate system.

robconf (robot configuration) Data type: confdata

The axis configuration of the robot (cf1, cf4, cf6 and cfx). Thisisdefined in the
form of the current quarter revolution of axis 1, axis4 and axis 6. Thefirst
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positive quarter revolution 0 to 90 © is defined as 0. The component cfx is only
used for the robot model IRB5400.

For more information, see data type confdata.
extax (external axes) Datatype: extjoint
The position of the external axes.

The position is defined as follows for each individual axis (eax_a, eax b ...
eax_f):

- For rotating axes, the position is defined as the rotation in degrees from the
calibration position.

- For linear axes, the position is defined as the distance in mm from the
calibration position.

External axeseax_a ... arelogical axes. How the logica axis number and the
physical axis number are related to each other is defined in the system
parameters.

The value 9E9 is defined for axes which are not connected. If the axes defined in
the position data differ from the axes that are actually connected on program
execution, the following applies:

- If the position is not defined in the position data (value 9E9), the value will be
ignored, if the axisis connected and not activated. But if the axisis activated, it
will result in an error.

- If the position is defined in the position data although the axisis not connected,
the value isignored.

Examples

CONST robtarget p15 := [ [600, 500, 225.3], [1, 0, 0, 0], [1, 1, 0, 0],
[ 11, 12.3, 9E9, 9E9, 9E9, 9E9] |;

A position p15 is defined as follows:
- The position of the robot: x = 600, y = 500 and z = 225.3 mm in the object
coordinate system.

- The orientation of thetool in the same direction as the object coordinate system.

- The axis configuration of the robot: axes 1 and 4 in position 90-180°, axis 6 in
position 0-90°.

- The position of the external logical axes, aand b, expressed in degrees or mm
(depending on the type of axis). Axes c to f are undefined.
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VAR robtarget p20;

D20 := CRobT():
p20 := Offs(p20,10,0,0);

The position p20 is set to the same position as the current position of the robot by
calling the function CRobT. The position is then moved 10 mm in the x-direction.

Limitations

When using the configurable edit function Absolute Limit Modpos, the number of
charactersin the name of the data of the type robtarget, islimited to 14 (in other cases
16).

Sructure

< dataobject of robtarget >
< trans of pos>
< xof num>
<y of num>
<zof num>
<rot of orient >
<@l of num>
< g2 of num>
< g3 of num>
< g4 of num>
< robconf of confdata >
< cfl of num>
< cf4 of num>
< cf6 of num>
< cfx of num>
< extax of extjoint >
< eax_aof num>
< eax_b of num>
<eax_c of num>
< eax_d of num>
< eax_eof num>
< eax_f of num>
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Related infor mation

Described in:
Positioning instructions RAPID Summary - Motion
Coordinate systems Motion and 1/0O Principles -
Coordinate Systems
Handling configuration data Motion and 1/0O Principles - Robot
Configuration
Configuration of external axes User’s Guide System Parameters
What is a quaternion? Data TypeQrient
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shapedata World zone shape data

shapedata is used to describe the geometry of aworld zone.

Description
World zones can be defined in 3 different geometrical shapes:

- astraight box, with all sidesparallel totheworld coordinate system and defined
by a WZBoxDef instruction

- asphere, defined by a WZSphDef instruction

- acylinder, parallel to the z axis of the world coordinate system and defined by
aWZCylIDef instruction

The geometry of aworld zone is defined by one of the previous instructions and the
action of aworld zone is defined by the instruction WZLimSup or WZDOSet.

Example

VAR wzstationary pole;
VAR wzstationary conveyor;

PROC ...
VAR shapedata volume,

WZBoxDef \Inside, volume, p_cornerl, p_cornerz,
WZLimSup \Stat, conveyor, volume;
WZCyIDef \Inside, volume, p_center, 200, 2500;
WZLimSup \Stat, pole, volume;

ENDPROC

A conveyor is defined as a box and the supervision for thisareais activated. A
poleis defined as a cylinder and the supervision of this zone is also activated. If
the robot reaches one of these areas, the motion is stopped.

Characteristics

shapedata is a non-value data type.
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Related infor mation

Described in:
World Zones Motion and 1/0O Principles -
World Zones
World zone shape Data Types - shapedata
Define box-shaped world zone Instructions - WZBoxDef
Define sphere-shaped world zone Instructions - WZSphDef
Define cylinder-shaped world zone Instructions - WZCylDef
Activate world zone limit supervision Instructions - WZLimSup
Activate world zone digital output set Instructions - WZDOSet
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signalxx Digital and analog signals

Data types within signalxx are used for digital and analog input and output signals.

The names of the signals are defined in the system parameters and are consequently
not to be defined in the program.

Description
Data type Used for
signalai analog input signals
signalao analog output signals
signaldi digital input signals
signaldo digital output signals
signalgi groups of digital input signals
signalgo groups of digital output signals

Variables of the type signalxo only contain areference to the signal. The value is set
using an instruction, e.g. DOutput.

Variables of the type signalxi contain areferenceto asignal as well as a method to
retrieve the value. The value of the input signal is returned when afunction is called,
e.g. DInput, or when the variableis used in avalue context, e.g. IF signal_y=1 THEN.

Limitations

Data of the data type signalxx may not be defined in the program. However, if thisis
in fact done, an error message will be displayed as soon as an instruction or function
that refersto thissignal is executed. The data type can, on the other hand, be used asa
parameter when declaring aroutine.

Predefined data

The signals defined in the system parameters can always be accessed from the program
by using the predefined signal variables (installed data). It should however be noted
that if other data with the same name is defined, these signals cannot be used.

Characteristics

Sgnalxo is anon-value data type. Thus, data of this type does not permit value-
oriented operations.

Sgnalxi is a semi-value data type.
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Data Types

Related infor mation

Summary input/output instructions
Input/Output functionality in general

Configuration of 1/0
Characteristics of non-value data types

1-signalxx-2

Described in:

RAPID Summary -
Input and Output Sgnals

Motion and 1/0O Principles -
[/O Principles

User’s Guide System Parameters
Basic Characteriddata-Types
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speeddata Speed data

Foeeddata is used to specify the velocity at which both the robot and the external axes
move.

Description
Speed data defines the velocity:

- at which the tool centre point moves,
- of the reorientation of the tool,
- at which linear or rotating external axes move.
When several different types of movement are combined, one of the velocities often

limits all movements. The velocity of the other movements will be reduced in such a
way that all movements will finish executing at the same time.

Thevelocity isalso restricted by the performance of the robot. Thisdiffers, depending
on the type of robot and the path of movement.

Components
v_tcp (velocity tcp) Data type: num
The velocity of the tool centre point (TCP) in mm/s.

If astationary tool or coordinated external axesare used, the velocity is specified
relative to the work object.

V_ori (velocity orientation) Data type: num
The velocity of reorientation about the TCP expressed in degrees/s.

If astationary tool or coordinated external axesare used, the velocity is specified
relative to the work object.

V_leax (velocity linear external axes) Data type: num
The velocity of linear external axesin mm/s.
V_reax (velocity rotational external axes) Datatype: num

The velocity of rotating external axes in degrees/s.
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Data Types

Example

VAR speeddata vmedium := [ 1000, 30, 200, 15];

The speed data vmedium is defined with the following velocities:

- 1000 mm/s for the TCP.
- 30 degrees/s for reorientation of the tool.

- 200 mm/s for linear external axes.
- 15 degrees/s for rotating external axes.

vmedium.v_tcp := 900;

The velocity of the TCP is changed to 900 mm/s.

Predefined data

A number of speed data are already defined in the system module BASE.

Name

vb
v10
v20
v30
v40
v50
v60
v80
v100
v150
v200
v300
v400
v500
v600
v800
v1000
v1500
v2000
v2500
v3000
v4000
v5000
vmax
v6000
v7000

1-speeddata-2

TCP speed

5mm/s

10 mm/s
20 mm/s
30 mm/s
40 mm/s
50 mm/s
60 mm/s
80 mm/s
100 mm/s
150 mm/s
200 mm/s
300 mm/s
400 mm/s
500 mm/s
600 mm/s
800 mm/s
1000 mm/s
1500 mm/s
2000 mm/s
2500 mm/s
3000 mm/s
4000 mm/s
5000 mm/s
5000 mm/s
6000 mm/s
7000 mm/s

Orientation

500°s
500°s
500%s
500°/s
500°s
500%s
500°/s
500°s
500°s
500°/s
500°/s
500°s
500°/s
500°s
500°s
500°s
500°/s
500°s
500°/s
500°s
500°s
500°/s
500°s
500°s
500°/s
500°s

Linear ext. axis Rotating ext. axis

5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s
5000 mm/s

1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
1000%s
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Structure

< dataobject of speeddata >
<v_tcp of num>
<v_ori of num>
<v_leax of num>
<v_reax of num>

Related infor mation

Described in:
Positioning instructions RAPID Summary - Motion
Motion/Speed in genera Motion and 1/0O Principles - Position-
ing during Program Execution
Defining maximum velocity Instructions - Vel Set
Configuration of external axes User’s Guide System Parameters
Motion performance Product Specification
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string Strings

String is used for character strings.

Description

A character string consists of a number of characters (a maximum of 80) enclosed by
guotation marks (*”),

e.g. “This is a character string”.
If the quotation marks are to be included in the string, they must be written twice,

e.g. “This string contains a ““character”.

Example
VAR string text;

text := “start welding pipe 17;
TPWrite text;

The textstart welding pipe 1 is written on the teach pendant.

Limitations
A string may have from 0 to 80 characters; inclusive of extra quotation marks.

A string may contain any of the characters specified by ISO 8859-1 as well as control
characters (non-ISO 8859-1 characters with a numeric code between 0-255).
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Predefined data

A number of predefined string constants are available in the system and can be used
together with string functions.

Name Character set

STR DIGIT <digit> ::=
0]1]12|3|4|5]|6]7]8]|9

STR_UPPER <upper case letter> ::=
A[BICIDI|E|F[G|H]I]J
|[KILIM|N|O|P|Q|RIS|T
[UIVIWIX]Y[Z|A]A]A]A
|AIA|E|CIE|E|E[E]T]I
[1]T[1)|N]O]O|O|O|O|2
[UJUUU[2)]3)

STR_LOWER <lower case letter> ::=
alblcldfe[f[g[h]i]]
|k|[IIm|njolplg|r|s|t
lulviw|x]ylz]alala]a
|ajala|cle|éle]e]i]i
|T]7]1)|A]o]6|6[6]|0]e
lalalalal2)[3)[R]y

STR_WHITE <blank character> ::=

1) Icelandic letter eth.
2) Letter Y with acute accent.
3) Icelandic letter thorn.

The constants flpl, ramldisk and stEmpty are already defined in the system module
BASE.

CONST string flp1 := “flp1:™;
CONST string ram1disk := “ramldisk:”;

CONST string stEmpty :=*7;

Related infor mation

Described in:
Operations using strings Basic Characteristiégpressions
String values Basic CharacteristicBasic Elements
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symnum Symbolic number

Symnumiis used to represent an integer with a symbolic constant.

Description

A symnum constant is intended to be used when checking the return value from the
functions OpMode and RunMode. See example below.

Example

IF RunMode() = RUN_CONT _CYCLE THEN
ELSE

ENDIF

Predefined data

The following symbolic constants of the data type symnum are predefined and can be
used when checking return values from the functions OpMode and RunMode.

Value Symbolic constant Comment
0 RUN_UNDEF Undefined running mode
1 RUN_CONT_CYCLE Continuous or cycle running mode
2 RUN_INSTR_FWD Instruction forward running mode
3 RUN_INSTR_BWD Instruction backward running mode
4 RUN_SIM Simulated running mode
Value Symbolic constant Comment
0 OP_UNDEF Undefined operating mode
1 OP_AUTO Automatic operating mode
2 OP_MAN_PROG Manual operating mode
max. 250 mm/s
3 OP_MAN_TEST Manual operating mode
full speed, 100%
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Characteristics

Symnumis an alias data type for num and consequently inherits its characteristics.

Related infor mation

Described in:
Datatypesin general, alias datatypes Basic Characteristics - Data Types
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System Data

System Data

System datais the internal data of the robot that can be accessed and read by the pro-
gram. It can be used to read the current status, e.g. the current maximum velocity.

The following table contains a list of al system data.

Name Description Data Type Changed by See dso
C_MOTSET Current motion settings, i.e.: motsetdata Instructions Data Types - motsetdata
- max. velocity and velocity override - Vel Set Instructions - Vel Set
- max. acceleration - AccSet Instructions - AccSet
- movement about singular points - SingArea Instructions - SngArea
- monitoring the axis configuration - ConfL,ConfJ | Instructions - ConfL, ConfJ
- payload in gripper - GripLoad Instructions - GripLoad
- path resolution - PathResol Instructions - PathResol
- motion supervision with tunevalue - MotionSup Instructions - MotionSup
C_PROGDISP | Current program displacement for robot and exter- | progdisp Instructions Data Types - progdisp
nal axes. - PDispSet Instructions - PDispSet
- PDispOn Instructions - PDispOn
- PDispOff Instructions - PDispOff
- EOffsSet Instructions - EOffsSet
- EOffsOn Instructions - EOffsOn
- EOffsOff Instructions - EOffsOff
ERRNO The latest error that occurred errnum The robot Data Types - errnum
RAPID Summary -
Error Recovery
INTNO The latest interrupt that occurred intnum The robot Data Types - inthum

RAPID Summary -Interrupts

System DataTypes and Routines
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taskid Task identification

Taskid is used to identify available program tasks in the system.

The names of the program tasks are defined in the system parameters and, conse-
guently, must not be defined in the program.

Description

Data of the type taskid only contains a reference to the program task.

Limitations

Data of the type taskid must not be defined in the program. The data type can, on the
other hand, be used as a parameter when declaring a routine.

Predefined data

The program tasks defined in the system parameters can always be accessed from the
program (installed data).

For all program tasksin the system, predefined variables of the data type taskid will be
available. The variable identity will be "taskname"+"1d", e.g. for MAIN task the vari-
able identity will be MAINId, TSK1 - TSK1lId etc.

Characteristics

Taskid isanon-value datatype. Thismeansthat dataof thistype does not permit value-
oriented operations.

Related infor mation

Described in:
Saving program modules Instruction - Save
Configuration of program tasks User’s Guide System Parameters
Characteristics of non-value data types Basic Characteriddiag-Types
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tooldata Tool data

Tooldata isused to describe the characteristics of atool, e.g. awelding gun or agripper.

If thetool isfixed in space (astationary tool), common tool datais defined for thistool
and the gripper holding the work object.

Description
Tool data affects robot movements in the following ways:

- Thetool centre point (TCP) refersto a point that will satisfy the specified path
and velocity performance. If the tool is reorientated or if coordinated external
axes are used, only this point will follow the desired path at the programmed
velocity.

- If astationary tool is used, the programmed speed and path will relate to the
work object.

- Programmed positions refer to the position of the current TCP and the
orientation in relation to the tool coordinate system. This means that if, for
example, atool isreplaced because it is damaged, the old program can till be
used if the tool coordinate system is redefined.

Tool datais aso used when jogging the robot to:

- Define the TCP that is not to move when the tool is reorientated.

- Define the tool coordinate system in order to facilitate moving in or rotating
about the tool directions.

It isimportant to always define the actual tool load and when used, the payload
of therobot too. Incorrect definitions of load data can result in overloading of the
robot mechanical structure.

When incorrect tool load data is specified, it can often lead to the following
consequences:

- If the value in the specified load is greater than that of the value of the true load;
-> The robot will not be used to its maximum capacity
-> Impaired path accuracy including arisk of overshooting

If the value in the specified load is less than the value of the true load,;
-> Impaired path accuracy including arisk of overshooting
-> Risk of overloading the mechanical structure
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Components
robhold (robot hold) Datatype: bool
Defines whether or not the robot is holding the tool:

- TRUE -> Therobot is holding the tool.
- FALSE -> Therobot is not holding the tool, i.e. a stationary tool.

tframe (tool frame) Datatype: pose
Thetool coordinate system, i.e.:

- The position of the TCP (x, y and z) in mm, expressed in the wrist coordinate
system (Seefigure 1).

- The orientation of the tool coordinate system, expressed in the wrist coordinate
system as a quaternion (ql, g2, g3 and g4) (Seefigure 1).

If astationary tool is used, the definition is defined in relation to the world
coordinate system.

If the direction of the tool is not specified, the tool coordinate system and the
wrist coordinate system will coincide.

The control hole ] . .
- The wrist coordinate system

Y

The tool coordinate system

Figure 10 Definition of the tool coordinate system.

tload (tool load) Data type: loaddata
The load of the tool, i.e.
- Mass

- The weight of the tool in kg.
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- cog

- The centre of gravity of thetool (x, y and z) in mm, expressed in the wrist
coordinate system

- aom

- The orientation of the coordinate system defined by theinertial axes of thetool,
expressed in thewrist coordinate system. Note: Restriction on orientation when
extended load is used (See |oaddata)

- The moments of inertia of thetool relativeto its centre of massabout its| X axis
in kgm?.

-y

-The mozments of inertiaof thetool relativetoitscentre of massabout itslY axis
in kgm<.

- The mozments of inertiaof thetool relativeto its centre of massabout its|Z axis
in kgm=.

The wrist coordinate system

1Y Tool load coordinate system -
Z Inertial axes of tool load

Tool coordinate systeem

Figure 11 Tool load parameter definitions

If al inertial components are defined as being O kgmz, thetool ishandled asa
point mass.

For more information (such as coordinate system for stationary tool or
restrictions), see the data type loaddata.
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If astationary tool is used, the load of the gripper holding the work object must
be defined.

Note that only the load of the tool isto be specified. The payload handled by a
gripper is connected and disconnected by means of the instruction GriplLoad.

Examples

PERS tooldata gripper := [ TRUE, [[97.4, 0, 223.1], [0.924, 0, 0.383 ,0]],
[5,[23,0, 75],[1, 0,0, 0], 0, O, O];

Thetool in Figure 10 is described using the following values:

- Therobot is holding the tool.

- The TCPislocated at a point 223.1 mm straight out from axis 6 and 97.4 mm
along the X-axis of the wrist coordinate system.

- The X and Z directions of the tool are rotated 45° in relation to the wrist
coordinate system.

- Thetool weighs 5 kg.

- The centre of gravity islocated at a point 75 mm straight out from axis 6 and
23 mm along the X-axis of the wrist coordinate system.

- The load can be considered a point mass, i.e. without any moment of inertia.
gripper.tframe.trans.z ;= 225.2;

The TCP of thetool, gripper, is adjusted to 225.2 in the z-direction.

Limitations

The tool data should be defined as a persistent variable (PERS) and should not be
defined within aroutine. The current values are then saved when the program is stored
on diskette and are retrieved on loading.

Arguments of the type tool datain any motion instruction should only be an entire
persistent (not array element or record component).

Predefined data

Thetool toolO defines the wrist coordinate system, with the origin being the centre of
the mounting flange. Tool 0 can always be accessed from the program, but can never be
changed (it is stored in system module BASE).

PERS tooldata toolO := [ TRUE, [ [0, O, 0], [1, 0, 0,0] ],
[0.001, [0, O, 0.001], [1,0,0,0],0,0,0] 1;

1-tooldata-4 System DataTypes and Routines



Data Types tooldata

Sructure

< dataobject of tooldata >
< robhold of bool >
< tframe of pose >
< trans of pos>
< xof num>
<y of num>
<zof num>
<rot of orient >
<l of num>
< g2 of num>
< g3 of num>
< g4 of num>
< tload of loaddata >
< mass of num >
< cog of pos>
< x of num>
<y of num>
<zof num>
<aomof orient >
<l of num>
< g2 of num>
< g3 of num>
< g4 of num>
<ix of num>
<iy of num>
<izof num>

Related infor mation

Described in:
Positioning instructions RAPID Summary - Motion
Coordinate systems Motion and 1/O Principles -
Coordinate Systems
Definition of payload Instructions - Gripload
Definition of load Datatypes - Load data
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tpnum Teach Pendant Window number

tpnum s used to represent the Teach Pendant Window number with a symbolic
constant.

Description

A tpnum constant is intended to be used in instruction TPShow. See example below.

Example
TPShow TP_PROGRAM;
The Production Window will be active if the system isin AUTO mode and the

ProgramWindow will be activeif the system isin MAN mode, after execution of
thisinstruction.

Predefined data

The following symbolic constants of the data type tpnum are predefined and can be
used in instruction TPShow:

Value Symbolic constant Comment

1 TP_PROGRAM AUTO: Production Window
MAN: Program Window

2 TP_LATEST Latest used Teach Pendant Window

Characteristics

tpnumis an alias data type for num and consequently inherits its characteristics.

Related infor mation

Described in:
Datatypesin general, aias datatypes Basic Characteristics - Data Types
Communicating using the teach pendant RAPID Summary - Communication
Switch window on the teach pendant Instructions - TPShow
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triggdata Positioning events - trigg

Triggdata is used to store data about a positioning event during a robot movement.

A positioning event can taketheform of setting an output signal or running an interrupt
routine at a specific position along the movement path of the robot.

Description

To define the conditions for the respective measures at a positioning event, variables
of the type triggdata are used. The data contents of the variable are formed in the pro-
gram using one of the instructions Triggl O or Trigglnt, and are used by one of the
instructions TriggL, TriggC or TriggJ.

Example
VAR triggdata gunoff;
Triggl O gunoff, 5\DOp:=gun, off;
TriggL pl, v500, gunoff, fine, gunl;

Thedigital output signal gunis set to the value off when the TCP isat a position
5 mm before the point p1.

Characteristics

Triggdata is a non-value data type.

Related infor mation

Described in:
Definition of triggs Instructions - Triggl O, Triggint
Use of triggs Instructions - Tr_i ggL, TriggC,
TriggJd
Characteristics of non-value data types Basic Characteristics- Data Types
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tunetype Servo tunetype

Tunetype is used to represent an integer with a symbolic constant.

Description

A tunetype constant isintented to be used as an argument to the instruction TuneServo.
See exampl e below.

Example

TuneServo MHA160R1, 1, 110 \Type:= TUNE_KP;

Predefined data

The following symbolic constants of the data type tunetype are predefined and can be
used as argument for the instruction TuneServo.

Value Symbolic constant Comment
0 TUNE_DF Reduces overshoots
1 TUNE_KP Affects position control gain
2 TUNE_KV Affects speed control gain
3 TUNE_TI Affects speed control integration time
4 TUNE_FRIC_LEV Affects friction compensation level
5 TUNE_FRIC_RAMP Affects friction compensation ramp

The following symbolic constants of the data type tunetype are predefined and can be
used as arguments for the instruction SpeedPrioAct (only available on request).

Value Symbolic constant Comment
1 SP_MODE1 Speed priority interpolation mode 1
2 SP_MODE2 Speed priority interpolation mode 2
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Characteristics

Tunetype is an alias data type for num and consequently inherits its characteristics.

Related infor mation

Described in:
Datatypesin general, alias data types Basic Characteristics - Data Types

1-tunetype-2 System DataTypes and Routines



wobjdata

Data Types
wobjdata Work object data
Wbbjdata is used to describe the work object that the robot welds, processes, moves
within, etc.
Description

If work objects are defined in a positioning instruction, the position will be based on
the coordinates of the work object. The advantages of this are as follows:

- If position dataisentered manually, such asin off-line programming, the values
can often be taken from a drawing.

- Programs can be reused quickly following changesin the robot installation. If,
for example, the fixture is moved, only the user coordinate system hasto be

redefined.
- Variationsin how the work object is attached can be compensated for. For this,
however, some sort of sensor will be required to position the work object.

If astationary tool or coordinated external axes are used the work object must be
defined, since the path and vel ocity would then be related to the work object instead of

the TCP,
Work object data can also be used for jogging:

- The robot can be jogged in the directions of the work object.
- The current position displayed is based on the coordinate system of the work

object.
Components
robhold (robot hold) Data type: bool
Defines whether or not the robot is holding the work object:
- TRUE ->Therobot isholding the work object, i.e. using a stationary tool.
- FALSE -> Theraobot is not holding the work object, i.e. the robot is holding
the tool.
ufprog (user frame programmed) Data type: bool

Defines whether or not afixed user coordinate system is used:

- TRUE ->Fixed user coordinate system.

- FALSE ->Movable user coordinate system, i.e. coordinated external axes
are used.
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ufmec (user frame mechanical unit) Datatype: string

The mechanical unit with which the robot movements are coordinated. Only
specified in the case of movable user coordinate systems (ufprog is FALSE).

Specified with the name that is defined in the system parameters, e.g. "orbit_a".
uframe (user frame) Datatype: pose

The user coordinate system, i.e. the position of the current work surface or fixture
(see Figure 12):

- The position of the origin of the coordinate system (x, y and z) in mm.

- Therotation of the coordinate system, expressed as a quaternion (g1, g2, g3,
04).

If the robot is holding the tool, the user coordinate system isdefined in the world
coordinate system (in the wrist coordinate system if a stationary tool is used).

When coordinated external axes are used (ufprog is FALSE), the user coordinate
system is defined in the system parameters.

oframe (object frame) Datatype: pose

The object coordinate system, i.e. the position of the current work object (see Fig-
ure 12):

- The position of the origin of the coordinate system (x, y and z) in mm.

- Therotation of the coordinate system, expressed as a quaternion (g1, g2, 93,
q4).

The object coordinate system is defined in the user coordinate system.

%,
2
2

o Tool coordinates
Y

TCP

N\
N

X
)>§\

N
N

User coordinates
V4 Object coordinates

Y

<

Base coordinates

Y

X
World coordinates

Figure 12 The various coordinate systems of the robot (when the robot is holding the tool).
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Example

PERS wobjdatawobj2 :=[ FALSE, TRUE, ", [ [300, 600, 200], [1, 0, 0,0] ],
[ [0, 200, 30], [1,0,0,0] 1 1;

The work object in Figure 12 is described using the following values:

- The robot is not holding the work object.
- The fixed user coordinate system is used.

- The user coordinate system is not rotated and the coordinates of itsorigin are
x= 300, y = 600 and z = 200 mm in the world coordinate system.

- The object coordinate system isnot rotated and the coordinates of itsorigin are
x= 0, y= 200 and z= 30 mm in the user coordinate system.

wobj2.oframe.trans.z := 38.3;

- The position of the work object wobj2 is adjusted to 38.3 mm in the z-direction.

Limitations

The work object data should be defined as a persistent variable (PERS) and should not
be defined within aroutine. The current values are then saved when the program is
stored on diskette and are retrieved on loading.

Arguments of the type work object data in any motion instruction should only be an
entire persistent (not array element or record component).

Predefined data

Thework object datawobj0 isdefined in such away that the object coordinate system
coincides with the world coordinate system. The robot does not hold the work object.

Wbbj0 can always be accessed from the program, but can never be changed (it is stored
In system module BASE).
PERS wobjdatawobjO := [ FALSE, TRUE, ", [ [0, 0, 0], [1,0,0,0] ],
[[0,0,0],[1,0,0,0111;

System DataTypes and Routines 1-wobjdata-3
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Data Types

Sructure

< dataobject of wobjdata >

< robhold of bool >
< ufprog of bool>
< ufmec of string >
< uframe of pose >
< transof pos>
<xof num>
<y of num>
< zof num>
<rot of orient >
<@l of num>
< g2 of num>
< g3 of num>
< g4 of num>
< oframe of pose >
< trans of pos>
<xof num>
<y of num>
<zof num>
<rot of orient >
<@l of num>
< g2 of num>
< g3 of num>
< g4 of num>

Related infor mation

Positioning instructions
Coordinate systems

Coordinated external axes

Calibration of coordinated external axes

1-wobjdata-4

Described in:

RAPID Summary - Motion

Motion and 1/0 Principles - Coordi-
nate Systems

Motion and I/O Principles - Coordi-
nate Systems

User’s Guide System Parameters
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wzstationary Sationary world zone data

wzstationary (world zone stationary) is used to identify a stationary world zone and
can only be used in an event routine connected to the event POWER ON.

A world zone is supervised during robot movements both during program execution
and jogging. If the robot’s TCP reaches this world zone, the movement is stopped or a
digital output signal is set or reset.

Description

A wzstationary world zone is defined and activated bWZLimSup or aWZDOSet
instruction.

WZLimSup or WZDOS¢t gives the variable or persistent variableviastationary a
numeric value that identifies the world zone.

A stationary world zone is always active and is only erased by a warm start (switch
power off then on, or change system parameters). It is not possible to deactivate,
activate or erase a stationary world zone via RAPID instructions.

Stationary world zones should be active from power on and should be defined in a
POWER ON event routine or a semistatic task.

Example
VAR wzstationary conveyor;

PROC ...
VAR shapedata volume;

WZBoxDef \Inside, volume, p_cornerl, p_corner2;
WZLimSup \Stat, conveyor, volume;
ENDPROC

A conveyor is defined as a straight box (the volume below the belt). If the robot
reaches this volume, the movement is stopped.

Limitations

A wzstationary data can only be defined as a global (not local within module or
routine) variable (VAR) or as a persistent data (PERS).

Arguments of the typerzstationary should only be entire data (not array element or
record component).
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wzstationary

Data Types

Init value for data of type wzstationary is not used by the system. When using a
persistent variable in a multi-tasking system, set theinit valueto O,

e.g. PERS wzstationary share workarea :=[0];

Example

For a complete example see instruction WZLimSup.

Characteristics

wzstationary is an alias data type of wztemporary and inherits its characteristics.

Related infor mation

World Zones

World zone shape

Temporary world zone

Activate world zone limit supervision
Activate world zone digital output set

1-wzstationary-2

Described in:

Motion and 1/0O Principles -
World Zones

Data Types - shapedata
Data Types - wztemporary
Instructions - WZLimSup
Instructions - WZDOSet
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wztemporary Temporary world zone data

wztemporary (world zone temporary) is used to identify atemporary world zone and
can be used anywhere in the RAPID program for the MAIN task.

A world zone is supervised during robot movements both during program execution
and jogging. If the robot’s TCP reaches this world zone, the movement is stopped or a
digital output signal is set or reset.

Description

A wztemporary world zone is defined and activated bwaLimSup or aWZDOSet
instruction.

WZLimSup or WZDOSet gives the variable or persistent variableviaremporary a
numeric value, that identifies the world zone.

Once defined and activated, a temporary world zone can be deactivated by
WZDisable, activated again bWwZEnable and erased bwWZFree.

All temporary world zones in the system are automatically erased (erased in the system
and all data objects of typeztemporary in MAIN task are set to 0):

- when a new program is loaded in the MAIN task
- when starting program execution from the beginning in the MAIN task

Example
VAR wztemporary roll;

PROC ...
VAR shapedata volume;

WZCyIDef \Inside, volume, p_center, 400, 1000;
WZLimSup \Temp, roll, volume;
ENDPROC

A roll (just being brought into the work area by the application) is defined as a
cylinder. If the robot reaches this volume, the movement is stopped.

Limitations

A wztemporary data can only be defined as global (not local within module or routine)
variable (VAR) or as a persistent data (PERS).
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wztemporary

Data Types

Arguments of the type wztemporary should only be entire data (not array element or

record component).

A temporary world zone (instructions WZLimSup or WZDOSet) should not be defined
in tasks other than MAIN because such a definition is affected by the program

execution in the MAIN task.

Init value for data of type wztemporary is not used by the system.When using a
persistent variable in a multi-tasking system, set theinit valueto O,
e.g. PERS wztemporary share workarea:=[0];

Example

For a complete example see instruction WZDOSt.

Sructure

<dataobject of wztemporary>
<wz of num>

Related infor mation

World Zones

World zone shape

Stationary world zone

Activate world zone limit supervision
Activate world zone digital output set
Deactivate world zone

Activate world zone

Erase world zone

1-wztemporary-2

Described in:

Motion and 1/0O Principles -
World Zones

Data Types - shapedata
Data Types - wzstationary
Instructions - WZLimSup
Instructions - WZDOSet
Instructions - WZDisable
Instructions - WZEnable
Instructions - WZFree
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zonedata Zone data

Zonedata is used to specify how a position isto be terminated, i.e. how close to the
programmed position the axes must be before moving towards the next position.

Description
A position can be terminated either in the form of a stop point or afly-by point.

A stop point means that the robot and external axes must reach the specified position
(stand still) before program execution continues with the next instruction.

A fly-by point means that the programmed position is never attained.
Instead, the direction of motion is changed before the position is reached.
Two different zones (ranges) can be defined for each position:

- The zone for the TCP path.
- The extended zone for reorientation of the tool and for external axes.

The zone for Prog(ammed
the TCP path— position

g
Start of reorientation ﬁ
towards next position

Start of TCP corner path

—The extended zone

Figure 13 The zones for a fly-by point.

Zones function in the same way during joint movement, but the zone size may differ
somewhat from the one programmed.

The zone size cannot be larger than half the distance to the closest position (forwards
or backwards). If alarger zone is specified, the robot automatically reduces it.
The zone for the TCP path

A corner path (parabola) is generated as soon as the edge of the zoneis reached
(see Figure 13).
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zonedata Data Types

The zonefor reorientation of the tool

Reorientation starts as soon as the TCP reaches the extended zone. The tool is
reoriented in such away that the orientation is the same leaving the zone as it
would have been in the same position if stop points had been programmed.
Reorientation will be smoother if the zone sizeisincreased, and thereislessof a
risk of having to reduce the velocity to carry out the reorientation.

< ]
Figure 14a Three positions are programmed, the last with different tool orientation.

A

Figure 14b If all positions were stop points, program execution would |ook like this.

\ /77

-— 7onesize ——=

< ]

Figure 14c If the middle position was a fly-by point, program execution would look like this

The zone for external axes

External axes start to move towards the next position as soon asthe TCP reaches
the extended zone. In this way, a low axis can start accelerating at an earlier
stage and thus execute more evenly.

Reduced zone

With large reorientations of thetool or with large movements of the external axes,
the extended zone and even the TCP zone can be reduced by the robot. The zone
will be defined asthe smallest relative size of the zone based upon the zone com-
ponents (see next page) and the programmed motion.

90 mm
pzone_ori

MovelL with 200 mm movements
of the tool, 25° reorientation of
P1 thetool and with zone z60

The relative sizes of the zone are

pzone_tcp = 60/200 = 30%
length of movement PL- P2 et ,
- zone_ori
one_or -
il = 90/200 = 45%
length of movement P1 - P2
zone_ori

= 99/25° = 36%

angle of reorientation P1 - P2

Figure 15 Example of reduced zone to 36% of the motion
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Movel with 200 mm movements /| 90MmM /' g5 mm
of thetool, 60° reorientation of pzone_or
the tool and with zone z60

zone ori

P1

The relative sizes of the zone are

pzone_tcp

length of movement P1 - P2
zone ori

angle of reorientation P1 - P2

= 60/200 = 30%

=99/60° = 15%

Figure 16 Example of reduced zone to 15% of the motion

Components
finep (fine point) Data type: bool

Defines whether the movement isto terminate as a stop point (fine point) or asa
fly-by point.

- TRUE -> The movement terminates as a stop point.
The remaining components in the zone data are not used.

- FALSE -> The movement terminates as a fly-by point.
pzone tcp (path zone TCP) Data type: num
The size (the radius) of the TCP zone in mm.

The extended zone will be defined asthe smallest relative size of the zone based
upon the following components and the programmed maotion.

pzone ori (path zone orientation) Data type: num

The zone size (theradius) for thetool reorientation. The sizeisdefined asthe dis-
tance of the TCP from the programmed point in mm.

The size must be larger than the corresponding value for pzone_tcp.
If alower valueis specified, the size is automatically increased to make it the
same as pzone_tcp.

pzone_eax (path zone external axes) Data type: num

The zone size (the radius) for external axes. The size is defined as the distance
of the TCP from the programmed point in mm.

The size must be larger than the corresponding value for pzone_tcp.

If alower valueis specified, the size is automatically increased to make it the
same as pzone_tcp.
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zone _ori ( zone orientation) Datatype: num

The zonesizefor thetool reorientation in degrees. If therobot isholding thework
object, this means an angle of rotation for the work object.

zone_|eax ( zonelinear external axes) Data type: num
The zone size for linear external axesin mm.
zone_reax ( zonerotational external axes)  Datatype: num

The zone size for rotating external axesin degrees.

Examples
VAR zonedata path := [ FALSE, 25, 40, 40, 10, 35,5];
The zone data path is defined by means of the following characteristics:

- The zone size for the TCP path is 25 mm.
- The zone size for the tool reorientation is 40 mm (TCP movement).
- The zone size for external axes is 40 mm (TCP movement).

If the TCPis standing still, or thereis alarge reorientation, or thereisalarge
external axis movement, with respect to the zone, the following apply instead:

- The zone size for the tool reorientation is 10 degrees.
- The zone size for linear external axesis 35 mm.
- The zone size for rotating external axesis 5 degrees.

path.pzone_tcp := 40;

The zone size for the TCP path is adjusted to 40 mm.

1-zonedata-4 System DataTypes and Routines



Data Types

zonedata

Predefined data

A number of zone data are already defined in the system module BASE.

Stop points
Name
fine Omm
Fly-by points
TCP movement Tool reorientation
Name TCPpath Orientation Ext. axis Orientation Linear axis Rotating axis
z1 1 mm 1 mm 1 mm 0.1° 1mm 0.1°
z5 5 mm 8 mm 8 mm 0.8° 8mm 0.8°
z10 10 mm 15 mm 15 mm 159 15mm 15°
z15 15 mm 23 mm 23 mm 2.3° 23mm 23°
z20 20 mm 30 mm 30 mm 3.0° 30mm  3.0°
z30 30 mm 45 mm 45 mm 450 45mm 45°
z40 40 mm 60 mm 60 mm 6.0° 60mm 6.0°
z50 50 mm 75 mm 75 mm 75° 75mm  75°
z60 60 mm 90 mm 90 mm 9.0° 90mm 9.0°
z80 80mm 120mm 120mm  12° 120mm 12°
z100 100mm 150mm 150 mm  15° 150mm 15°
z150 150mm 225mm 225mm  23° 225mm 23°
7200 200mm 300mm 300mm  30° 300mm 30°
Structure

< data object of zonedata >

< finep of bool >

< pzone_tcp of num >

< pzone_ori of num >

< pzone_eax of num>

< zone_ori of num>

< zone_leax of num >

< zone_reax of num>
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Data Types

Related infor mation

Positioning instructions
Movements/Paths in genera

Configuration of external axes

1-zonedata-6

Described in:

RAPID Summary - Motion

Motion and 1/O Principles - Position-
ing during Program Execution

User’s Guide System Parameters
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| nstructions

CONTENTS

AccSet
ActUnit
Add
Break
ProcCall
CallByVar
Clear
ClkReset
ClkStart
ClkStop
Close
comment
ConfJ
ConfL
CONNECT
DeactUnit
Decr
EOffsOff
EOffsOn
EOffsSet
ErrWrite
EXIT
ExitCycle
FOR
GetSysData
GOTO
GripLoad
IDelete
IDisable
IEnable
Compact IF
IF

Incr
InvertDO
IODisable

Assigns a value

Reduces the acceleration

Activates a mechanical unit

Adds a numeric value

Break program execution

Calls a new procedure

Call a procedure by a variable

Clears the value

Resets a clock used for timing

Starts a clock used for timing

Stops a clock used for timing

Closes a file or serial channel

Comment

Controls the configuration during joint movement
Monitors the configuration during linear movement
Connects an interrupt to a trap routine
Deactivates a mechanical unit

Decrements by 1

Deactivates an offset for external axes
Activates an offset for external axes
Activates an offset for external axes using a value
Write an Error Message
Terminates program execution

Break current cycle and start next

Repeats a given number of times

Get system data

Goes to a new instruction

Defines the payload of the robot

Cancels an interrupt

Disables interrupts

Enables interrupts

If a condition is met, then... (one instruction)
If a condition is met, then ...; otherwise ...
Increments by 1

Inverts the value of a digital output signal
Disable 1/O unit
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I nstructions

IOEnable
ISignal DI
ISignalDO
|Sleep

I Timer
[VarValue
IWatch
label

Load
MoveAbs]
MoveC
Movel
MovelL
MoveCDO
MovelDO
MovelL DO
MoveCSync
MovelSync
MovelL Sync
Open
PathResol
PDispOff
PDispOn
PDispSet
PulseDO
RAISE
Reset
RestoPath
RETRY
RETURN
Rewind
Save
SearchC
SearchL
Set

SetAO

Enable 1/0 unit

Ordersinterrupts from adigital input signal

Interrupts from adigital output signal

Deactivates an interrupt

Orders atimed interrupt

Orders avariable value interrupt

Activates an interrupt

Line name

Load a program module during execution

Moves the robot to an absolute joint position

Moves the robot circularly

Moves the robot by joint movement

Moves the robot linearly

Moves the robot circularly and sets digital output in the corner
Moves the robot by joint movement and sets digital output in the corner
Moves the robot linearly and sets digital output in the corner
Moves the robot circularly and executes a RAPID procedure
Moves the robot by joint movement and executes a RAPID procedure
Moves the robot linearly and executes a RAPID procedure
Opens afile or seria channel

Override path resolution

Deactivates program displacement

Activates program displacement

Activates program displacement using avalue

Generates a pulse on adigital output signal

Calls an error handler

Resets adigital output signal

Restores the path after an interrupt

Restarts following an error

Finishes execution of aroutine

Rewind file position

Save a program module

Searches circularly using the robot

Searches linearly using the robot

Setsadigital output signal

Changes the value of an analog output signal
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SetDO
SetGO
SingArea
SoftAct
SoftDeact
StartL oad
StartMove
Stop
StopMove
StorePath
TEST
TPErase
TPReadFK
TPReadNum
TPShow
TPWrite
TriggC
TriggEqQuip
Triggint
TrigglO
TriggJd
TriggL
TRYNEXT
TuneReset
UnLoad
WaitDI
WaitDO
WaitL oad
Vel Set
WHILE
Write
WriteBin
WriteStrBin
WaitTime
WaitUntil
WZBoxDef

| nstructions

Changes the value of adigital output signal
Changes the value of agroup of digital output signals
Defines interpolation around singular points
Activating the soft servo

Deactivating the soft servo

Load a program module during execution
Restarts robot motion

Stops program execution

Stops robot motion

Stores the path when an interrupt occurs
Depending on the value of an expression ...
Erases text printed on the teach pendant
Reads function keys

Reads a number from the teach pendant
Switch window on the teach pendant

Writes on the teach pendant

Circular robot movement with events
Defines afixed position-time 1/0 event
Defines a position related interrupt

Defines a fixed position 1/O event
Axis-wise robot movements with events
Linear robot movements with events

Jumps over an ingtruction which has caused an error
Resetting servo tuning

UnL oad a program module during execution
Waits until adigital input signal is set

Waits until adigital output signal is set
Connect the loaded module to the task
Changes the programmed velocity
Repeatsaslong as ...

Writes to a character-based file or seria channel
Writes to abinary serial channel

Writes a string to a binary serial channel
Waits a given amount of time

Waits until acondition is met

Define a box-shaped world zone
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WZCylDef Define a cylinder-shaped world zone
WZDisable Deactivate temporary world zone supervision
WZDOSet Activate world zone to set digital output
WZEnable Activate temporary world zone supervision
WZFree Erase temporary world zone supervision
WZLimSup Activate world zone limit supervision
WZSphDef Define a sphere-shaped world zone

2-4 System DataTypes and Routines



Instructions T

=" Assigns a value

The “:=" instruction is used to assign a new value to data. This value can be anything
from a constant value to an arithmetic expressionyegd+5*regs3.

Examples
regl :=5;
regl is assigned the valle
regl :=reg2 - reg3;
regl is assigned the value that tteg2-reg3 calculation returns.
counter := counter + 1;

counter is incremented by one.

Arguments
Data := Value
Data Data type: All
The data that is to be assigned a new value.
Value Data type: Same as Data

The desired value.

Examples
tooll.tframe.trans.x := tooll.tframe.trans.x + 20;
TheTCP fortool1 is shifted20 mm in the X-direction.
palle{ 5,8 := Abs(value);

An element in theallet matrix is assigned a value equal to the absolute value of
thevalue variable.
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Limitations
The data (whose value is to be changed) must not be

- aconstant
- anon-value data type.

The data and value must have similar (the same or alias) datatypes.

Syntax

(EBNF)
<assignment target> ":=’ <expression>"’;’
<assignment target> ::=
<variable>
<persistent>
<parameter
<VAR>

Related infor mation

Described in:
Expressions Basic CharacteristidSxpressions
Non-value data types Basic Characteristibata Types
Assigning an initial value to data Basic Characteristidsta

Programming and Testing
Manually assigning a value to data Programming and Testing
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Instructions AccSet

AccSet Reduces the acceleration

AccSet is used when handling fragile loads. It allows slower acceleration and decel er-
ation, which results in smoother robot movements.

Examples
AccSet 50, 100;

The acceleration is limited to 50% of the normal value.

AccSet 100, 50;

The acceleration ramp is limited to 50% of the normal value.

Arguments

AccSet  Acc Ramp

Acc Data type: num

Acceleration and deceleration as a percentage of the normal values.
100% corresponds to maximum acceleration. Maximum value: 100%.
Input value < 20% gives 20% of maximum acceleration.

Ramp Data type: num

The rate at which acceleration and decel eration increases as a percentage of the
normal values (see Figure 17). Jerking can be restricted by reducing this value.
100% corresponds to maximum rate. Maximum value: 100%.

Input value < 10% gives 10% of maximum rate.

Acceleration

= Time
AccSet 100, 100, i.e. normal acceleration
Acceleration Acceleration

-

= Time = Time
Accet 30, 100 AccSet 100, 30

Figure 17 Reducing the acceleration results in smoother movements.
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Program execution

The acceleration applies to both the robot and external axes until a new AccSet instruc-
tion is executed.

The default values (100%) are automatically set

- at acold start-up
- when anew program is loaded
- when starting program executing from the beginning.

Syntax

AccSet
[ Acc ;=" ] < expression(N) of num> "/
[ Ramp ;=" ] < expressionl\) of num>";’

Related infor mation

Described in:
Positioning instructions RAPID Summarytotion
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Instructions ActUnit

ActUnit Activates a mechanical unit
ActUnit is used to activate a mechanical unit.

It can be used to determine which unit isto be active when, for example, common drive
units are used.

Example
ActUnit orbit_ga;

Activation of the orbit_a mechanical unit.

Arguments
ActUnit MecUnit

M ecUnit (Mechanical Unit) Data type: mecunit

The name of the mechanical unit that isto be activated.

Program execution

When the robot and external axes have come to a standstill, the specified mechanical
unit is activated. This meansthat it is controlled and monitored by the robot.

If several mechanical units share a common drive unit, activation of one of these
mechanical units will also connect that unit to the common drive unit.

Limitations

Instruction ActUnit cannot be used in

- program sequence StorePath ... RestoPath
- event routine RESTART

The movement instruction previous to thisinstruction, should be terminated with a

stop point in order to make arestart in thisinstruction possible following a power fail-
ure.
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Syntax

ActUnit
[MecUnit ":=" ] < variable /AR) of mecunit>;’

Related information

Described in:
Deactivating mechanical units InstructionSeactUnit
Mechanical units Data Typesnecunit
More examples InstructiondDeactUnit
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Add Addsanumericvalue

Add is used to add or subtract a value to or from a numeric variable or persistent.

Examples
Addregl, 3;
3isadded toregl, i.e. regl:=regl+3.
Add regl, -regz;
The value of reg2 is subtracted from regl, i.e. regl:=regl-reg2.

Arguments
Add Name AddValue
Name Data type: num
The name of the variable or persistent to be changed.
AddValue Data type: num
The value to be added.

Syntax

Add
[ Name ":="] <var or persINOUT) of num>"/
[ AddValue :=" ] < expressionl{N) of num>";’

Related infor mation

Described in:
Incrementing a variable by 1 Instructionkner
Decrementing a variable by 1 Instructior3ecr
Changing data using an arbitrary Instructiorrs -

expression, e.g. multiplication
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Instructions Break

Break Break program execution
Break is used to make an immediate break in program execution for RAPID program
code debugging purposes.

Example

éreak;

Program execution stops and it is possible to analyse variables, values etc. for
debugging purposes.

Program execution

The instruction stops program execution at once, without waiting for the robot and
external axesto reach their programmed destination points for the movement being
performed at the time. Program execution can then be restarted from the next
instruction.

If there isaBreak instruction in some event routine, the routine will be executed from
the beginning of the next event.

Syntax
Break’;’

Related infor mation

Described in:
Stopping for program actions InstructionSep
Stopping after a fatal error InstructionEXIT
Terminating program execution InstructionSXI T
Only stopping robot movements Instructior@opMove
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ProcCall Callsanew procedure

A procedure call isused to transfer program execution to another procedure. When the

procedure has been fully executed, program execution continues with the instruction
following the procedure call.

It isusually possible to send a number of arguments to the new procedure. These
control the behaviour of the procedure and make it possible for the same procedure to
be used for different things.

Examples
weldpipel,;
Calls the weldpipel procedure.
errormessage;

Set dol;

PROC errormessage()
TPWrite "ERROR";
ENDPROC

The errormessage procedure is called. When this procedure is ready, program
execution returns to the instruction following the procedure call, Set dol.

Arguments
Procedure { Argument }
Procedure Identifier
The name of the procedure to be called.

Argument Datatype: Inaccordancewith
the procedure declaration

The procedure arguments (in accordance with the parameters of the procedure).

Example
weldpipe2 10, lowspeed;

Calls the weldpipe2 procedure, including two arguments.

System DataTypes and Routines 2-ProcCall-1



ProcCall Instructions

weldpipe3 10 \speed:=20;

Calls the weldpipe3 procedure, including one mandatory and one optional
argument.

Limitations
The procedure’s arguments must agree with its parameters:

- All mandatory arguments must be included.

- They must be placed in the same order.

- They must be of the same data type.

- They must be of the correct type with respect to the access-mode (input, variable
or persistent).

A routine can call a routine which, in turn, calls another routine, etc. A routine can also
call itself, i.e. a recursive call. The number of routine levels permitted depends on the
number of parameters, but more than 10 levels are usually permitted.

Syntax

(EBNF)
<procedure> [ <argument list>]";

<procedure> ::= <identifier>

Related infor mation

Described in:
Arguments, parameters Basic CharacteristiRsutines
More examples Program Examples
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CallByVar Call aprocedure by avariable

CallByVar (Call By Variable) can be used to call procedures with specific names, e.g.
proc_namel, proc_name2, proc_name3 ... proc_namex viaavariable.

Example

regl :=2;
CallByVar “proc”, regl;

The procedureroc? is called.

Arguments

CallByVar Name Number

Name Data typestring

The first part of the procedure name, @rgc_name.

Number Data typenum

The numeric value for the number of the procedure. This value will be converted

to a string and gives the 2:nd part of the procedure namk &lge value must
be a positive integer.

Example

Satic selection of procedure call

TEST regl
CASE 1:
If_door door_loc;
CASE 2:
rf_door door_loc;
CASE 3:
Ir_door door_loc;
CASE 4:
rr_door door_loc;
DEFAULT:
EXIT;
ENDTEST

Depending on whether the value of regiseef is 1, 2, 3 or 4, different

procedures are called that perform the appropriate type of work for the selected
door.
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The door location in argument door_loc.
Dynamic selection of procedure call with RAPID syntax

regl :=2;
%”proc”+NumToStr(regl,0)% door_loc;

The procedurgroc? is called with argumerdoor_|oc.
Limitation: All procedures must have a specific namegagrl, proc2, proc3.
Dynamic selection of procedure call with CallByVar

regl ;= 2,
CallByVar “proc”,regl;

The procedurgroc? is called.

Limitation: All procedures must have specific name, grocl, proc2, proc3,
and no arguments can be used.

Limitations
Can only be used to call procedures without parameters.

Execution of CallByVar takes a little more time than execution of a normal procedure
call.

Error handling

In the event of a reference to an unknown procedure, the system variable ERRNO is set
to ERR_REFUNKPRC.

In the event of the procedure call error (not procedure), the system variable ERRNO is
setto ERR_CALLPROC.

These errors can be handled in the error handler.

Syntax

CallByVar
[Name ‘:="] <expressionl{N) of string>’,’
[Number “:=*] <expressionI{N) of num>’;’
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Related infor mation

Described in:

Calling procedures Basic Characteristic - Routines
User’s Guide The programming
language RAPID
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| nstructions Clear

Clear Clearsthevalue

Clear isused to clear anumeric variable or persistent , i.e. it setsit to 0.

Example
Clear regl;
Regliscleared, i.e. regl:=0.

Arguments
Clear Name

Name Datatype: num

The name of the variable or persistent to be cleared.

Syntax

Clear
[ Name .=’ ] <var or persINOUT) of num>";’

Related infor mation

Described in
Incrementing a variable by 1 Instructioniner
Decrementing a variable by 1 Instructior3ecr
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| nstructions ClkReset

ClkReset Resets a clock used for timing

ClkReset is used to reset a clock that functions as a stop-watch used for timing.

Thisinstruction can be used before using a clock to make sure that it is set to 0.

Example
ClkReset clockl;

The clock clockl is reset.

Arguments

ClkReset  Clock
Clock Data type: clock

The name of the clock to reset.

Program execution
When aclock isreset, it isset to O.

If aclock isrunning, it will be stopped and then reset.

Syntax

ClkReset
[ Clock :="] < variable YAR) of clock >}’

Related | nfor mation

Described in:
Other clock instructions RAPID Summargystem & Time
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Instructions ClkStart

ClkStart Startsa clock used for timing

ClkSart is used to start a clock that functions as a stop-watch used for timing.

Example
ClkStart clockl;

The clock clockl is started.

Arguments
ClkStart Clock

Clock Datatype: clock

The name of the clock to start.

Program execution
When aclock is started, it will run and continue counting seconds until it is stopped.

A clock continuesto run when the program that started it is stopped. However, the

event that you intended to time may no longer be valid. For example, if the program

was measuring the waiting time for an input, the input may have been received while

the program was stopped. In this case, the program will not be able to “see” the event
that occurred while the program was stopped.

A clock continues to run when the robot is powered down as long as the battery back-
up retains the program that contains the clock variable.

If a clock is running it can be read, stopped or reset.

Example
VAR clock clock2;
ClkReset clock?;
ClkStart clock2;
WaitUntil DInput(dil) = 1;
ClkStop clock2;
time:=ClkRead(clock?2);

The waiting time fodil to become 1 is measured.
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Syntax

ClkStart
[ Clock :="] < variable YAR) of clock >}’

Related I nformation

Described in:
Other clock instructions RAPID Summargystem & Time
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ClkStop Stops a clock used for timing

ClkStop is used to stop a clock that functions as a stop-watch used for timing.

Example
ClkStop clockl;

The clock clockl is stopped.

Arguments

ClkStop  Clock
Clock Datatype: clock

The name of the clock to stop.

Program execution
When a clock is stopped, it will stop running.

If aclock is stopped, it can be read, started again or reset.

Syntax

ClkStop
[ Clock :="] < variable YAR) of clock >}’

Related | nfor mation

Described in:
Other clock instructions RAPID Summargystem & Time
More examples InstructionsGlkStart
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| nstructions Close

Close Closes afileor serial channd

Closeisused to close afile or serial channel.

Example

Close channel 2;

The seria channel referred to by channel2 is closed.

Arguments
Close [10Device

|ODevice Datatype: iodev

The name (reference) of the file or serial channel to be closed.

Program execution

The specified file or serial channel is closed and must be re-opened before reading or
writing. If it isalready closed, the instruction isignored.

Syntax

Close
[IODevice ":=] <variable(VAR) of iodev>";’

Related infor mation

Described in:
Opening a file or serial channel RAPID Summafommunication
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| nstructions comment

comment Comment

Comment isonly used to make the program easier to understand. It has no effect on the
execution of the program.

Example

I Goto the position above pallet
Movel p100, v500, z20, tool1,

A comment is inserted into the program to make it easier to understand.

Arguments
I Comment
Comment Text string

Any text.

Program execution

Nothing happens when you execute this instruction.

Syntax

(EBNF)
'I" {<character>} <newline>

Related infor mation

Described in:
Characters permitted in a comment Basic Characteristics-
Basic Elements
Comments within data and routine Basic Characteristics-
declarations Basic Elements
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Instructions ConfJ

ConfJ  Controlsthe configuration during joint movement

ConfJ (Configuration Joint) is used to specify whether or not the robot’s configuration
is to be controlled during joint movement. If it is not controlled, the robot can some-
times use a different configuration than that which was programmed.

With ConfJ\Off, the robot cannot switch main axes configuration - it will search for a
solution with the same main axes configuration as the current one. It moves to the clos-
est wrist configuration for axes 4 and 6.

Examples

ConfJ \Off;
Moved *, v1000, fine, tooll;

The robot moves to the programmed position and orientation. If this position ca
be reached in several different ways, with different axis configurations, the clo
est possible position is chosen.

ConfJ \On;
Moved *, v1000, fine, tooll;

The robot moves to the programmed position, orientation and axis configuration.
If this is not possible, program execution stops.

Arguments

ConfJ [\On] | [\Off]
\On Data typeswitch

The robot always moves to the programmed axis configuration. If this is not pos-
sible using the programmed position and orientation, program execution stops.

The IRB5400 robot will move to the pogrammed axis configuration or to an axis
configuration close the the programmed one. Program execution will not stop if
it is impossible to reach the programmed axis configuration.

\Off Data typeswitch

The robot always moves to the closest axis configuration.

Program execution

If the argumentOn (or no argument) is chosen, the robot always moves to the pro-
grammed axis configuration. If this is not possible using the programmed position and
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orientation, program execution stops before the movement starts.

If the argument \Off is chosen, the robot always movesto the closest axis configuration.
Thismay be different to the programmed one if the configuration has been incorrectly
specified manually, or if a program displacement has been carried out.

The control is active by default. Thisis automatically set

- at acold start-up
- when anew program is loaded
- when starting program executing from the beginning.

Syntax

ConfJ
[V onl|[voff %

Related infor mation

Described in:

Handling different configurations Motion Principles -
Robot Configuration

Robot configuration during linear movement Instructio@enfL
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ConfL Monitorsthe configuration during linear movement

ConfL (Configuration Linear) is used to specify whether or not the robot’s configura-
tion is to be monitored during linear or circular movement. If it is not monitored, the
configuration at execution time may differ from that at programmed time. It may also
result in unexpected sweeping robot movements when the mode is changed to joint
movement.

NOTE: For the IRB5400 robot the monotoring is always off independant of the
switch.

Examples

ConfL \On;
MovelL *, v1000, fine, tooll;

Program execution stops when the programmed configuration is not possible
reach from the current position.

SingArea \Wrist;
Confl \On;
MovelL *, v1000, fine, tooll;

The robot moves to the programmed position, orientation and wrist axis config-
uration. If this is not possible, program execution stops.

ConfL \Off;
MovelL *, v1000, fine, tooll;

No error message is displayed when the programmed configuration is not the
same as the configuration achieved by program execution.

Arguments
ConfL  [\On] | [\Off]
\On Data typeswitch
The robot configuration is monitored.
\Off Data typeswitch

The robot configuration is not monitored.
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Program execution

During linear or circular movement, the robot always moves to the programmed posi-
tion and orientation that hasthe closest possible axis configuration. If the argument \On
(or no argument) is chosen, then the program execution stops as soon as:

- the configuration of the programmed position will not be attained from the
current position.

- the needed reorientation of any one of the wrist axes to get to the programmed
position from the current position exceeds a limit (140-180 degrees).

However, it is possible to restart the program again, athough the wrist axes may con-
tinue to the wrong configuration. At a stop point, the robot will check that the config-
urations of all axes are achieved, not only the wrist axes.

If SingArea\Wrist is also used, the robot always moves to the programmed wrist axes
configuration and at a stop point the remaining axes configurations will be checked.

If the argument \Off is chosen, there is no monitoring.
Monitoring is active by default. Thisis automatically set

- at acold start-up
- when anew program is loaded
- when starting program executing from the beginning.

Syntax

ConfL
[V on] [ [V Off 7

Related information

Described in:

Handling different configurations Motion and I/O Principles-
Robot Configuration

Robot configuration during joint movement  Instructior3onfJ
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| nstructions CONNECT

CONNECT Connectsan interrupt toatrap routine

CONNECT is used to find the identity of an interrupt and connect it to atrap routine.

Theinterrupt isdefined by ordering an interrupt event and specifying itsidentity. Thus,
when that event occurs, the trap routine is automatically executed.

Example

VAR inthnum feeder_low;
CONNECT feeder_low WITH feeder_empty;
ISignalDI dil, 1, feeder low;

Aninterrupt identity feeder _low is created which is connected to the trap routine
feeder_empty. Theinterrupt is defined as input dil is getting high. In other
words, when this signal becomes high, the feeder _empty trap routineis executed.

Arguments
CONNECT Interrupt WITH Trap routine

Interrupt Data type: intnum

The variable that isto be assigned the identity of the interrupt.
This must not be declared within a routine (routine data).

Trap routine [dentifier

The name of the trap routine.

Program execution

Thevariableisassigned an interrupt identity which can then be used when ordering or
disabling interrupts. Thisidentity is also connected to the specified trap routine.

Note that before an event can be handled, an interrupt must also be ordered, i.e. the
event specified.

Limitations

An interrupt (interrupt identity) cannot be connected to more than one trap routine.
Different interrupts, however, can be connected to the same trap routine.

When an interrupt has been connected to atrap routine, it cannot be reconnected or
transferred to another routine; it must first be deleted using the instruction IDelete.
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Error handling

If theinterrupt variableis aready connected to a TRAP routine, the system variable
ERRNO isset to ERR_ALRDYCNT.

If the interrupt variable is not a variable reference, the system variable ERRNO is set
to ERR_CNTNOTVAR.

If no more interrupt numbers are available, the system variable ERRNO is set to
ERR_INOMAX.

These errors can be handled in the ERROR handler.

Syntax

(EBNF)
CONNECT <connect target> WITH <trap>‘;’

<connect target> ::= <variable>
| <parameter>
| <VAR>

<trap> ::= <identifier>

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
More information on interrupt management  Basic Characterigtitss+upts
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DeactUnit Deactivates a mechanical unit

DeactUnit is used to deactivate a mechanical unit.

It can be used to determine which unit isto be active when, for example, common drive
units are used.

Examples
DeactUnit orbit_g;
Deactivation of the orbit_a mechanical unit.

MovelL p10, v100, fine, tool 1;
DeactUnit track_motion;
MovelL p20, v100, 210, tool 1,
Movel p30, v100, fine, tool1,
ActUnit track_motion;
Movel p40, v100, z10, tool1;

The unit track_motion will be stationary when the robot moves to p20 and p30.
After this, both the robot and track_motion will move to p40.

MovelL p10, v100, fine, tool 1;
DeactUnit orbit1;

ActUnit orbit2;

Movel p20, v100, z10, tool1;

The unit orbitl is deactivated and orbit2 activated.

Arguments
DeactUnit MecUnit

M ecUnit (Mechanical Unit) Data type: mecunit

The name of the mechanical unit that is to be deactivated.

Program execution
When the robot and external axes have come to a standstill, the specified mechanical
unit is deactivated. This meansthat it will neither be controlled nor monitored until it
Isre-activated.

If several mechanical units share a common drive unit, deactivation of one of the
mechanical units will aso disconnect that unit from the common drive unit.
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Limitations
Instruction DeactUnit cannot be used

- in program sequence StorePath ... RestoPath
- in event routine RESTART
- when one of the axes in the mechanical unit isin independent mode.

The movement instruction previousto thisinstruction, should be terminated with astop
point in order to make arestart in thisinstruction possible following a power failure.

Syntax

DeactUnit
[MecUnit ;=" ] < variable YAR) of mecunit>;’

Related information

Described in:
Activating mechanical units Instruction\etUnit
Mechanical units Data Typesnecunit

2-DeactUnit-2 System DataTypes and Routines



| nstructions Decr

Decr Decrementsby 1

Decr is used to subtract 1 from a numeric variable or persistent.

Example
Decr regl;
1 issubtracted from regl, i.e. regl:=regl-1.
Arguments
Decr Name
Name Datatype: num
The name of the variable or persistent to be decremented.
Example

TPReadNum no_of parts, "How many parts should be produced?";
WHILE no_of_parts>0 DO

produce_part;

Decr no_of_parts;
ENDWHILE

The operator is asked to input the number of parts to be produced. The variable
no_of_partsis used to count the number that still have to be produced.

Syntax

Decr
[ Name .=’ ] < var or persINOUT) of num>";’
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I nstructions

Related infor mation

2-Decr-2

Incrementing avariable by 1
Subtracting any value from avariable

Changing data using an arbitrary
expression, e.g. multiplication

Described in:

Instructions - Incr
Instructions - Add
Instructions - ;=
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EOffsOff Deactivates an offset for exter nal axes

EOffsOff (External Offset Off) is used to deactivate an offset for external axes.

The offset for external axesis activated by the instruction EOffsSet or EOffsOn and
appliesto all movements until some other offset for external axesis activated or until
the offset for external axesis deactivated.

Examples
EOffsOff;
Deactivation of the offset for external axes.

MovelL p10, v500, 210, tool 1,
EOffsOn \ExeP:=p10, p11;
Movel p20, v500, z10, tool1;
MovelL p30, v500, z10, tool1;
EOffsOff;

MovelL p40, v500, z10, tool 1,

An offset isdefined asthe difference between the position of each axisat p10 and
pl1l. This displacement affects the movement to p20 and p30, but not to p40.

Program execution

Active offsets for external axes are reset.

Syntax
EOffsOff *;’

Related infor mation

Described in:
Definition of offset using two positions InstructionEGffsOn
Definition of offset using values Instruction&OffsSat

Deactivation of the robot’s motion displacement InstructidPispOff
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| nstructions EOffsOn

EOffsOn Activates an offset for external axes

EOffsOn (External Offset On) isused to define and activate an offset for external axes
using two positions.

Examples

MovelL p10, v500, 210, tool 1,
EOffsOn \ExeP.=p10, p20;

Activation of an offset for external axes. Thisis calculated for each axis based
on the difference between positions p10 and p20.

MovelL p10, v500, fine, tool 1;
EOffsOn *;

Activation of an offset for external axes. Since a stop point has been used in the
previousinstruction, the argument \ExeP does not have to be used. The displace-
ment is calculated on the basis of the difference between the actual position of
each axis and the programmed point (*) stored in the instruction.

Arguments
EOffsOn [\ExeP] ProgPoint

[\ExeP ] (Executed Point) Data type: robtarget
The new position of the axes at the time of the program execution. If thisargument

isomitted, the current position of the axes at the time of the program execution is
used.

ProgPoint (Programmed Point) Datatype: robtarget

The original position of the axes at the time of programming.

Program execution

The offset is calculated as the difference between ExeP and ProgPoint for each sepa-
rate external axis. If ExeP has not been specified, the current position of the axes at the
time of the program execution isused instead. Sinceit isthe actual position of the axes
that is used, the axes should not move when EOffsOn is executed.

Thisoffset isthen used to displace the position of external axesin subsequent position-
ing instructions and remains active until some other offset is activated (the instruction
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EOffsSet or EOffsOn) or until the offset for external axesisdeactivated (the instruction
EOftsOff).

Only one offset for each individual external axis can be activated at any onetime. Sev-
eral EOffsOn, on the other hand, can be programmed one after the other and, if they are,
the different offsets will be added.

The external axes’ offset is automatically reset

- at a cold start-up
- when a new program is loaded
- when starting program executing from the beginning.

Example

SearchL senl, psearch, p10, v100, tooll;
PDispOn \ExeP:=psearch, *, tooll;
EOffsOn \ExeP:=psearch, *;

A search is carried out in which the searched position of both the robot and the
external axes is stored in the positpsearch. Any movement carried out after

this starts from this position using a program displacement of both the robot and
the external axes. This is calculated based on the difference between the searched
position and the programmed point (*) stored in the instruction.

Syntax

EOffsOn
[V ExeP =" < expressionl(N) of robtarget > ',’]
[ ProgPoint :=" ] < expression ) of robtarget > '}’

Related information

Described in:
Deactivation of offset for external axes InstructiolOfsOff
Definition of offset using values Instruction&OffsSet
Displacement of the robot’s movements InstructioRBspON
Coordinate Systems Motion Principlé€3sordinate Systems
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EOffsSet Activates an offset for external axes using a value

EOffsSet (External Offset Set) is used to define and activate an offset for external axes
using values.

Example
VAR extjoint eax_a p100:=[100, 0, 0, 0, 0, O;
EOffsSet eax_a p100;

Activation of an offset eax_a p100 for external axes, meaning (provided that the
external axis “a” is linear) that:

- The ExtOffs coordinate system is displaced 100 mm for the logical axis “a” (se
Figure 18).

- As long as this offset is active, all positions will be displaced 100 mm in the
direction of the x-axis.

100
Normal
Coordinate System
] >
0 + X
ExtOffs
Coordinate System |
1 >
0 +X
Figure 18 Displacement of an external axis.
Arguments
EOffsSet EAxOffs
EAXOffs (External Axes Offset) Data typeextjoint

The offset for external axes is defined as data of theextp@nt, expressed in:

- mm for linear axes
- degrees for rotating axes
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Program execution

The offset for external axesis activated when the EOffsSet instruction is activated and
remainsactive until someother offset isactivated (the instruction EOffsSet or EOffsOn)
or until the offset for external axes is deactivated (the EOffsOff).

Only one offset for external axes can be activated at any one time. Offsets cannot be
added to one another using EOffsSet.

The external axes’ offset is automatically reset

- at a cold start-up
- when a new program is loaded
- when starting program executing from the beginning.

Syntax

EOffsSet
[ EAXOffs =" ] < expressionI(N) of extjoint>";’

Related infor mation

Described in:
Deactivation of offset for external axes InstructiomOffsOff
Definition of offset using two positions InstructionEOffsSet
Displacement of the robot's movements InstructioRBispON
Definition of data of the typextjoint Data Types extjoint
Coordinate Systems Motion Principlé&3sordinate Systems
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ErrWrite Writean Error Message

ErrWrite (Error Write) is used to display an error message on the teach pendant and
write it in the robot message log.

Example

ErrWrite “PLC error”, “Fatal error in PLC” \RL2:="Call service”;
Stop;

A message is stored in the robot log. The message is also shown on the teach
pendant display.

ErrWrite \ W, “ Search error”, “No hit for the first search”;
RAISE try_search_again;

A message is stored in the robot log only. Program execution then continues.

Arguments
ErrWrite [\W] Header Reason [\RL2] [\RL3] [\RL4]

[\W] (Warning) Data typeswitch

Gives a warning that is stored in the robot error message log only (not shown
directly on the teach pendant display).

Header Data typestring
Error message heading (max. 24 characters).

Reason Data type: string
Reason for error (line 1 of max. 40 characters).

[\RL2] (Reason Line 2) Data typestring
Reason for error (line 2 of max. 40 characters).

[ \RL3] (Reason Line 3) Data typestring
Reason for error (line 3 of max. 40 characters).

[ \RL4] (Reason Line 4) Data typestring

Reason for error (line 4 of max. 40 characters).
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Program execution

An error message (max. 5 lines) is displayed on the teach pendant and written in the
robot message log.

ErrWrite aways generates the program error no. 80001 or in the event of awarning
(argument \W) generates no. 80002.

Limitations

Total string length (Header+Reason+\RL2+\RL3+\RL4) islimited to 145 characters.

Syntax

ErrWrite
[VW'']
[ Header .=’ ] < expressiorl N) of string> *,’
[ Reason "=’ ] < expression ) of string>
[ 'V RL2 =" < expression (N) of string> ]
[ 'V RL3 =" < expression (N) of string> ]
[ 'V RL4 =" < expression (N) of string>] *;’

Related information

Described in
Display a message on InstructionBRWr ite
the teach pendant only
Message logs Service
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EXIT Terminatesprogram execution

EXIT isused to terminate program execution. Program restart will then be blocked, i.e.
the program can only be restarted from the first instruction of the main routine (if the
start point is not moved manually).

The EXIT instruction should be used when fatal errors occur or when program
execution isto be stopped permanently. The Sop instruction isused to temporarily stop
program execution.

Example
ErrWrite "Fatal error”,"Illegal state”;
EXIT;
Program execution stops and cannot be restarted from that position in the
program.
Syntax
EXIT

Related infor mation

Described in:
Stopping program execution temporarily Instructioop
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Instructions ExitCycle

ExitCycle Break current cycle and start next

ExitCycleis used to break the current cycle and move the PP back to the first
instruction in the main routine. If the execution mode CONT is set, the execution will
start to execute the next cycle.

Example

VAR num cyclecount:=0;
VAR inthum error_intno;

PROC main()
IF cyclecount = 0 THEN
CONNECT error_intno WITH error_trap;
ISignalDI di_error,1,error_intno;
ENDIF
cyclecount:=cyclecount+1;
I start to do something intelligent

ENDPROC

TRAP error_trap
TPWrite “ERROR, | will start on the next item”;
ExitCycle;

ENDTRAP

This will start the next cycle if the signal di_error is set.

Program Running

All variables, persistents, defined interrupts and motion settings are untouched.

Syntax

ExitCycle’;

Related infor mation

Described in:
Stopping after a fatal error InstructionEXIT
Terminating program execution InstructionSXIT
Stopping for program actions InstructionSep
Finishing execution of a routine InstructionBRETURN
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| nstructions FOR

FOR Repeats a given number of times

FORis used when one or several instructions are to be repeated a number of times.

If the instructions are to be repeated as long as a given condition is met, the WHILE
instruction is used.

Example
FORi FROM 1 TO10DO
routinel,;
ENDFOR

Repeats the routinel procedure 10 times.

Arguments

FOR Loop counter FROM Sartvalue TO End value
[STEP Step valug] DO ... ENDFOR

L oop counter Identifier
The name of the data that will contain the value of the current loop counter.
The dataisdeclared automatically and its name should therefore not be the same
as the name of any data that exists already.

Sart value Data type: Num

The desired start value of the loop counter.
(usually integer values)

End value Datatype: Num

The desired end value of the loop counter.
(usualy integer values)

Sep value Data type: Num

Thevaue by which theloop counter isto beincremented (or decremented) each loop.
(usually integer values)

If thisvalueis not specified, the step value will automatically besetto 1 (or -1 if
the start value is greater than the end value).
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FOR

I nstructions

Example

FORi FROM 10 TO 2 STEP -1 DO

ai} = afi-1};
ENDFOR

Thevaluesin an array are adjusted upwards so that a{ 10} :=a{ 9} , & 9} :=a{ 8} etc.

Program execution

1. The expressions for the start, end and step values are cal cul ated.
2. The loop counter is assigned the start value.

3. The value of the loop counter is checked to see whether its value lies between the
start and end value, or whether it is equal to the start or end value. If the value of the
loop counter isoutside of thisrange, the FOR loop stops and program execution con-
tinues with the instruction following ENDFOR.

4. Theinstructions in the FOR loop are executed.
5. Theloop counter isincremented (or decremented) in accordance with the step value.
6. The FOR loop is repeated, starting from point 3.

Limitations

The loop counter (of data type num) can only be accessed from within the FOR loop
and consequently hides other data and routinesthat have the same name. It can only be
read (not updated) by the instructions in the FOR loop.

Decimal valuesfor start, end or stop values, in combination with exact termination con-
ditionsfor the FOR loop, cannot be used (undefined whether or not the last loop isrun-

ning).

Syntax

2-FOR-2

(EBNF)

FOR <loop variable> FROM <expression> TO <expression>
[ STEP <expression> ] DO
<instruction list>

ENDFOR

<loop variable> ::= <identifier>
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| nstructions FOR

Related infor mation

Described in:
Expressions Basic Characteristics - Expressions
Identifiers Basic Characteristics -

Basic Elements
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Instructions GetSysData

GetSysData Get system data
GetSysData fetches the value and optional symbol namefor the current system data of
specified data type.

With thisinstruction it is possible to fetch data for and the name of the current active
Tool or Work Object.

Example
PERS tooldata curtoolvalue := [TRUE, [[0, 0, 0], [1, O, O, 0]],
[0,[0,0,0],[1,0,0,0],0,0,0Q]];
VAR string curtoolname;
GetSysData curtoolvalue;
Copy current active tool data value to the persistent variable curtoolvalue.

GetSysData curtoolvalue \ObjectName := curtoolhame;

Copy also current active tool name to the variable curtoolname.

Arguments
GetSysData DestObject [\ ObjectName]
DestObj ect Datatype: anytype
Persistent for storage of current active system data value.

The data type of this argument also specifies the type of system data (Tool or
Work Object) to fetch.

[\ObjectName] Datatype: string

Option argument (variable or persistent) to also fetch the current active system
data name.

Program execution

When running the instruction GetSysData the current data value is stored in the spec-
ified persistent in argument DestObject.

If argument \ObjectName is used, the name of the current datais stored in the specified
variable or persistent in argument ObjectName.
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GetSysData Instructions

Current system data for Tool or Work Object is activated by execution of any move
instruction or can be manually set in the jogging window.

Syntax

GetSysData
[ DestObject’:="] < persistenRERS) of anytype>
[V'ObjectName™:=’" < expressionlNOUT) of string>] '}’

Related infor mation

Described in:
Definition of tools Data Typestooldata
Definition of work objects Data Typeswobjdata
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| nstructions GOTO

GOTO Goesto a new instruction
GOTO is used to transfer program execution to another line (alabel) within the same
routine.
Examples
GOTO next;
next:

Program execution continues with the instruction following next.

regl :=1;
next:
regi =regl+1;

IF regl<=5 GOTO next;
The next program loop is executed five times.

IF reg1>100 GOTO highvalue;
lowvalue:

G(jTO ready;
highvalue:

ready:

If regl is greater than 100, the highvalue program loop is executed; otherwise
the lowvalue loop is executed.

Arguments
GOTO Labd
L abel Identifier
The label from where program execution is to continue.
Limitations

It isonly possible to transfer program execution to alabel within the same routine.

It isonly possible to transfer program execution to alabel within an IF or TEST
instruction if the GOTO instruction is also located within the same branch of that

System DataTypes and Routines 2-GOTO-1



GOTO Instructions

instruction.

It isonly possible to transfer program execution to alabel within a FOR or WHILE
instruction if the GOTO instruction is also located within that instruction.

Syntax

(EBNF)
GOTO <identifier>";’

Related infor mation

Described in:
Label Instructions tabel

Other instructions that change the program  RAPID Summary -
flow Controlling the Program Flow

2-GOTO-2 System DataTypes and Routines



Instructions GripLoad

GripLoad Definesthe payload of the robot

GripLoad is used to define the payload which the robot holds in its gripper.

Description

A

It isimportant to always define the actual tool load and when used, the payload
of therobot too. Incorrect definitions of load data can result in overloading of the
robot mechanical structure.

When incorrect load datais specified, it can often lead to the following consequences:

- If thevalue in the specified load datais greater than that of the value of the true
load;
-> The robot will not be used to its maximum capacity
-> Impaired path accuracy including arisk of overshooting

If the value in the specified load data is less than the value of the true load,;
-> Impaired path accuracy including arisk of overshooting
-> Risk of overloading the mechanical structure

Examples

GripLoad piecel,;

The robot gripper holds aload called piecel.
GripLoad load0;

The robot gripper releases all loads.

Arguments

GripLoad Load
L oad Datatype: loaddata

The load data that describes the current payload.

Program execution

The specified load affects the performance of the robot.
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GripLoad Instructions

The default load, 0 kg, is automatically set

- at acold start-up
- when anew program is loaded
- when starting program executing from the beginning.

Syntax

GripLoad
[ Load ":=" ] < persistentRERYS) of loaddata > '’

Related infor mation

Described in:
Definition of load data Data Typedoaddata
Definition of tool load Data Typesteoldata
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Instructions | Delete

| Delete Cancelsan interrupt

IDelete (Interrupt Delete) is used to cancel (delete) an interrupt.

If theinterrupt isto be only temporarily disabled, the instruction I1Seep or IDisable
should be used.

Example
IDelete feeder_low;

The interrupt feeder_low is cancelled.

Arguments
IDelete  Interrupt

Interrupt Datatype: intnum

The interrupt identity.

Program execution

The definition of the interrupt is completely erased. To defineit again, it must first be
re-connected to the trap routine.

The instruction should be preceded by a stop point. Otherwise the interrupt will be
deactivated before the end point is reached.

Interrupts do not have to be erased; thisis done automatically when

- anew program is loaded
- the program is restarted from the beginning
- the program pointer is moved to the start of aroutine

Syntax

IDelete
[ Interrupt :=" ] < variable YAR) of inthum > *;
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| Delete Instructions

Related infor mation

Described in:
Summary of interrupts RAPID Summary - Interrupts
Temporarily disabling an interrupt Instructions - 1ISeep
Temporarily disabling all interrupts Instructions - IDisable
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| Disable Disablesinterrupts

IDisable (Interrupt Disable) is used to disable all interrupts temporarily. It may, for
example, be used in a particularly sensitive part of the program where no interrupts
may be permitted to take place in case they disturb normal program execution.

Example

IDisable;

FORi FROM 1 TO 100 DO
character[i]:=ReadBin(sensor);

ENDFOR

|Enable;

No interrupts are permitted as long as the serial channel is reading.

Program execution

Interrupts which occur during the time in which an IDisableinstructionisin effect are
placed in aqueue. When interrupts are permitted once more, the interrupt(s) of the pro-
gram then immediately start generating, executed in “first in - first out” order in the
gueue.

Syntax

IDisable’;’

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupt
Permitting interrupts Instructiond Enable
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Instructions | Enable

| Enable Enablesinterrupts

|Enable (Interrupt Enable) is used to enable interrupts during program execution.

Example

IDisable;

FORi FROM 1 TO 100 DO
character[i]:=ReadBin(sensor);

ENDFOR

|Enable;

No interrupts are permitted as long as the serial channel isreading. When it has
finished reading, interrupts are once more permitted.

Program execution

Interrupts which occur during thetime in which an IDisable instructionisin effect, are

placed in aqueue. When interrupts are permitted once more (IEnable), the interrupt(s)

of the program then immediately start generating, executed in “first in - first out” order
in the queue.Program execution then continues in the ordinary program and interrupts
which occur after this are dealt with as soon as they occur.

Interrupts are always permitted when a program is started from the beginning,. Inter-
rupts disabled by thkSeep instruction are not affected by thenable instruction.

Syntax

I[Enable*;

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
Permitting no interrupts InstructiondDisable
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Instructions Compact | F

Compact IF If acondition ismet, then... (oneinstruction)

Compact IF isused when asingleinstructionisonly to be executed if agiven condition
IS met.

If different instructions are to be executed, depending on whether the specified
condition ismet or not, the IF instruction is used.

Examples
IF regl > 5 GOTO next;
If regl is greater than 5, program execution continues at the next label.
IF counter > 10 Set do1,

Thedol signal is set if counter > 10.

Arguments
IF Condition
Condition Data type: bool
The condition that must be satisfied for the instruction to be executed.
Syntax
(EBNF)

| F <conditional expression> ( <instruction> | <SMT>) ’;’

Related infor mation

Described in:
Conditions (logical expressions) Basic Characteristiegressions
IF with several instructions Instructionsk
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Instructions |F

| F If a condition ismet, then ...; otherwise...

IF is used when different instructions are to be executed depending on whether a con-
dition ismet or not.

Examples

IFregl>5THEN
Set do1,
Set doz;
ENDIF

The dol and do2 signals are set only if regl is greater than 5.

IFregl>5THEN
Set dol;
Set doz;
ELSE
Reset dol;
Reset do2;
ENDIF

The dol and do2 signals are set or reset depending on whether regl is greater
than 5 or not.

Arguments

IF Condition THEN ...
{ELSEIF Condition THEN ...}

[ELSE ..]

ENDIF

Condition Data type: bool

The condition that must be satisfied for the instructions between THEN and
EL SE/EL SEIF to be executed.

Example

IF counter > 100 THEN
counter := 100;

EL SEIF counter < 0 THEN
counter := 0;

ELSE
counter := counter + 1,
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IF Instructions

ENDIF

Counter isincremented by 1. However, if the value of counter isoutsidethelimit
0-100, counter is assigned the corresponding limit value.

Program execution

The conditions are tested in sequential order, until one of them is satisfied. Program
execution continues with the instructions associated with that condition. If none of the
conditions are satisfied, program execution continues with the instructions following
EL SE. If more than one condition is met, only the instructions associated with the first
of those conditions are executed.

Syntax

(EBNF)
| F <conditional expression> THEN
<instruction list>
{ EL SEIF <conditional expression> THEN <instruction list> | <EI F>}

[ELSE
<instruction list>]

ENDIF

Related infor mation

Described in:
Conditions (logical expressions) Basic Characteristics - Expressions
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| nstructions Incr

I ncr Incrementsby 1

Incr isused to add 1 to a numeric variable or persistent.

Example
Incr regl;
lisaddedtoregl, i.e. regl:=regl+l.
Arguments
Incr Name
Name Datatype: num
The name of the variable or persistent to be changed.
Example

WHILE stop_production=0 DO

produce_part;

Incr no_of parts,

TPWrite "No of produced parts= "\Num:=no_of parts;
ENDWHILE

The number of parts produced is updated on the teach pendant each cycle.
Production continues to run as long as the signal stop_production is not set.

Syntax

Incr
[ Name .=’ ] < var or persINOUT) of num>";’

Related infor mation

Described in:
Decrementing a variable by 1 Instructiori3ecr
Adding any value to a variable Instructionadd
Changing data using an arbitrary Instructiorrs -

expression, e.g. multiplication
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Instructions |nvertDO

InvertDO Invertsthe value of a digital output signal

InvertDO (Invert Digital Output) invertsthe value of adigital output signal (0-> 1 and
1->0).

Example
InvertDO dol5;

The current value of the signal dol15 isinverted.

Arguments
InvertDO  Signal
Signal Datatype: signaldo

The name of the signal to be inverted.

Program execution

The current value of the signal isinverted (see Figure 19).

1
Signal level
0
\ Execution of the instruction InvertDO
Execution of the instruction InvertDO
1 e
Signal level
0

Figure 19 Inversion of a digital output signal.

Syntax

InvertDO
[ Signal ":=’ ] < variable YAR) of signaldo > ’;’
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I nvertDO Instructions
Related information
Described in:
I nput/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and 1/0O Principles -
[/O Principles
Configuration of 1/0 System Parameters

2-InvertDO-2
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Instructions | ODisable

|ODisable Disable I/O unit
IODisableis used to disable an I/O unit during program execution (only in the SAC
system).

I/O units are automatically enabled after start-up if they are defined in the system
parameters. When required for some reason, 1/0 units can be disabled or enabled
during program execution.

Examples
IODisable “cell1”, 5;

Disable I/O unit with namedll1.Wait max.5 s.

Arguments

|ODisable UnitName MaxTime

UnitName Data typestring
The name of the 1/0 unit to be disabled (with same name as configured).

MaxTime Data typenum
The maximum period of waiting time permitted, expressed in seconds. If this
time runs out before the I/O unit has finished the disable steps, the error handler
will be called, if there is one, with the error code ERR_IODISABLE. If there is

no error handler, the execution will be stopped.

To disable an /O unit takes about 2-5 s.

Program execution
The specified I/0O unit starts the disable steps. The instruction is ready when the disable
steps are finished. If thdaxTime runs out before the 1/0 unit has finished the disable
steps, a recoverable error will be generated.

After disabling an I/O unit, any setting of outputs in this unit will result in an error.
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| ODisable

I nstructions

Example

PROC go_home()

VAR num recover_flag :=0;

I Start to disable 1/0 unit cell1
recover_flag:=1,

IODisable “celll”, O;

I Move to home position

MoveJd home, v1000,fine,tool1;

I Wait until disable of I/O unitelll is ready
recover_flag := 2;

IODisable “celll”, 5;

ERROR
IF ERRNO = ERR_IODISABLE THEN
IF recover_flag =1 THEN
TRYNEXT;
ELSEIF recover_flag =2 THEN
RETRY,
ENDIF
ELSEIF ERRNO = ERR_EXCRTYMAX THEN
ErrWrite “IODisable error”, “Not possible to disable I/O unit cell1”;
Stop;
ENDIF

ENDPROC

To save cycle time, the 1/0 uroéll1 is disabled during robot movement to the
home position. With the robot at tH@me position, a test is done to establish
whether or not the 1/0 urnigll 1 is fully disabled. After the max. number of retries
(5 with a waiting time 0b s), the robot execution will stop with an error message.

The same principle can be used wifienable (this will save more cycle time
compared witHODisable).

Syntax

IODisable

2-10Disable-2

[ UnitName ;=" ] < expressionl N) of string> ")’
[ MaxTime ":=" ] < expressionI(N) of num>";’
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| nstructions

| ODisable

Related infor mation

Enabling an 1/0 unit
Input/Output instructions

Input/Output functionality in general

Configuration of 1/0

System DataTypes and Routines

Described in:

Instructions - IOEnable

RAPID Summary -
Input and Output Sgnals

Motion and 1/O Principles -
I/O Principles

User’s Guide System Parameters
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Instructions | OEnable

| OEnable Enable |/O unit
IOEnable is used to enable an 1/O unit during program execution (only in the SA4C
system).

I/O units are automatically enabled after start-up if they are defined in the system
parameters. When required for some reason, 1/0 units can be disabled or enabled
during program execution.

Examples
IOEnable “celll”, 5;

Enable I/O unit with named|1. Wait max.5 s.

Arguments

|OEnable UnitName MaxTime

UnitName Data typestring
The name of the I/O unit to be enabled (with same name as configured).

MaxTime Data typenum
The maximum period of waiting time permitted, expressed in seconds. If this
time runs out before the I/O unit has finished the enable steps, the error handler
will be called, if there is one, with the error code ERR_IOENABLE. If there is

no error handler, the execution will be stopped.

To enable an I/O unit takes about 2-5 s.

Program execution
The specified I/O unit starts the enable steps. The instruction is ready when the enable
steps are finished. If tidaxTime runs out before the 1/0 unit has finished the enable
steps, a recoverable error will be generated.

After a sequence dDDisable - IOEnable, all outputs for the current I/O unit will be
set to the old values (befor®Disable).
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| OEnable Instructions

Example

|OEnable can also be used to check whether some 1/O unit is disconnected for some
reason.

VAR num max_retry:=0;

ibEnabIe“ceIIl”, 0;
SetDO celll_sig3, 1;

ERROR
IF ERRNO = ERR_IOENABLE THEN
IF max_retry <5 THEN
WaitTime 1;
max_retry := max_retry + 1;
RETRY;
ELSE
RAISE;
ENDIF
ENDIF

Before using signals on the 1/0O uodl1, a test is done by trying to enable the I/
O unit with timeout afted sec. If the test fails, a jump is made to the error
handler. In the error handler, the program execution waitsgec. and a new
retry is made. Afteb retry attempts the error ERR_IOENABLE is propagated to
the caller of this routine.

Syntax

IOEnable
[ UnitName ":=" ] < expressionl N) of string> ")’
[ MaxTime ":=" ] < expressionI(N) of num>";’

Related information

Described in:
More examples Instructiond ©Disable
Disabling an I/O unit InstructionslODisable
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 User’s GuideSystem Parameters
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Instructions | Signal Dl

|SignalDl Ordersinterruptsfrom adigital input signal

ISgnalDI (Interrupt Sgnal Digital In) is used to order and enable interrupts from a
digital input signal.

System signals can aso generate interrupts.

Examples
VAR inthum siglint;
CONNECT siglint WITH iroutinel;
ISignalDI dil,1,siglint;

Orders an interrupt which isto occur each time the digital input signal dil is set
to 1. A call isthen made to the iroutinel trap routine.

ISignalDI dil,0,sglint;

Orders an interrupt which isto occur each time the digital input signal dilis set
to 0.

ISignalDI \Single, di1,1,siglint;

Orders an interrupt which isto occur only the first time the digital input signal
dilissetto 1.

Arguments

ISignalDI [ \Single] Signal TriggValue Interrupt
[\Single] Data type: switch
Specifies whether the interrupt isto occur once or cyclically.

If the argument Single is set, the interrupt occurs once at the most. If the argu-
ment is omitted, an interrupt will occur each time its condition is satisfied.

Signal Datatype: signaldi
The name of the signal that isto generate interrupts.

TriggValue Datatype: dionum
The value to which the signal must change for an interrupt to occur.

Thevaueisspecified as0 or 1 or asasymbolic value (e.g. high/low). The signal
Is edge-triggered upon changeover to O or 1.
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| Signal Dl Instructions

TriggValue 2 or symbolic value edge can be used for generation of interrupts on
both positive flank (0 -> 1) and negative flank (1 -> 0).

Interrupt Datatype: intnum

The interrupt identity. This should have previously been connected to atrap rou-
tine by means of the instruction CONNECT.

Program execution

When the signal assumes the specified value, a call is made to the corresponding trap
routine. When this has been executed, program execution continues from where the
interrupt occurred.

If the signal changes to the specified value before the interrupt is ordered, no interrupt
occurs (see Figure 20).

1
Signal level

0
Interrupt ordered

Interrupt occurs

Interrupt ordered

1 —\
Signal level
0 A\

Interrupt occurs
Figure 20 Interrupts fromadigital input signal at signal level 1.

Limitations

The same variable for interrupt identity cannot be used more than once, without first
deleting it. Interrupts should therefore be handled as shown in one of the alternatives
below.

PROC main ()
VAR intnum siglint;
CONNECT siglint WITH iroutinel,
ISignalDI dil, 1, siglint;
WHILE TRUE DO

ENDWHILE
ENDPROC

All activation of interruptsisdone at the beginning of the program. Theseinstruc-
tions are then kept outside the main flow of the program.
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Instructions | Signal Dl

PROC main ()
VAR intnum siglint;
CONNECT siglint WITH iroutinel;
ISignalDI dil, 1, siglint;

iDeIetesigli nt;
ENDPROC

The interrupt is deleted at the end of the program, and is then reactivated. It
should be noted, in this case, that the interrupt isinactive for a short period.

Syntax

|Signal DI
[V Single’,’]
[ Signal ':=" ] < variable YAR) of signaldi >’
[ TriggValue ;=" ] < expressionl{N) of dionum >’/
[ Interrupt ;=" ] < variable YAR) of inthum>";

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
Interrupt from an output signal InstructionsS,gnal DO
More information on interrupt management Basic Characteriskitsrfupts
More examples Data Typesntnum
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Instructions |SignalDO

|SignalDO  Interruptsfrom adigital output signal

ISgnalDO (Interrupt Sgnal Digital Out) isused to order and enable interruptsfrom a
digital output signal.

System signals can aso generate interrupts.

Examples
VAR inthum siglint;
CONNECT siglint WITH iroutinel;
ISignalDO dol,1,siglint;

Orders an interrupt which is to occur each time the digital output signal dol is
set to 1. A call isthen made to the iroutinel trap routine.

ISignalDO dol,0,siglint;

Orders an interrupt which is to occur each time the digital output signal dol is
setto 0.

ISignalDO\Single, dol,1,siglint;

Orders an interrupt which isto occur only the first time the digital output signal
dolissetto 1.

Arguments

ISignalDO [ \Single] Signal TriggValue Interrupt
[\Single] Data type: switch
Specifies whether the interrupt isto occur once or cyclically.

If the argument Single is set, the interrupt occurs once at the most. If the argu-
ment is omitted, an interrupt will occur each time its condition is satisfied.

Signal Datatype: signaldo
The name of the signal that isto generate interrupts.

TriggValue Datatype: dionum
The value to which the signal must change for an interrupt to occur.

Thevaueisspecified as0 or 1 or asasymbolic value (e.g. high/low). The signal
Is edge-triggered upon changeover to O or 1.
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TriggValue 2 or symbolic value edge can be used for generation of interrupts on
both positive flank (0 -> 1) and negative flank (1 -> 0).

Interrupt Datatype: intnum

The interrupt identity. This should have previously been connected to atrap rou-
tine by means of the instruction CONNECT.

Program execution

When the signal assumesthe specified value 0 or 1, acall is made to the corresponding
trap routine. When this has been executed, program execution continues from where
the interrupt occurred.

If the signal changes to the specified value before the interrupt is ordered, no interrupt
occurs (see Figure 21).

1

0
Interrupt ordered

Signal level \

Interrupt occurs

Interrupt ordered

1 —\
Signal level
0 AN

Interrupt occurs
Figure 21 Interruptsfroma digital output signal at signal level 1.

Limitations

The same variable for interrupt identity cannot be used more than once, without first

deleting it. Interrupts should therefore be handled as shown in one of the alternatives
below.

PROC main ()
VAR intnum siglint;
CONNECT siglint WITH iroutinel,
ISigna DO dol, 1, siglint;
WHILE TRUE DO

ENDWHILE
ENDPROC

All activation of interruptsisdone at the beginning of the program. Theseinstruc-
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tions are then kept outside the main flow of the program.

PROC main ()
VAR intnum siglint;
CONNECT siglint WITH iroutinel;
ISignalDO dol, 1, siglint;

iDeIetesigli nt;
ENDPROC

The interrupt is deleted at the end of the program, and is then reactivated. It
should be noted, in this case, that the interrupt isinactive for a short period.

Syntax

ISignalDO
[V Single’,’]
[ Signal ':=’ ] < variable VAR) of signaldo > '/’
[ TriggValue ;=" ] < expressionl{N) of dionum >’/
[ Interrupt ;=" ] < variable YAR) of inthum >’}

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
Interrupt from an input signal InstructiongSgnal DI
More information on interrupt management  Basic Characteristitssyupts
More examples Data Typesntnum
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Instructions | Sleep

| Sleep Deactivates an interrupt

ISeep (Interrupt Seep) is used to deactivate an individual interrupt temporarily.

Example
|Sleep siglint;

The interrupt siglint is deactivated.

Arguments

|ISleep Interrupt
Interrupt Data type: intnum

The variable (interrupt identity) of the interrupt.

Program execution

The event connected to thisinterrupt does not generate any interruptsuntil theinterrupt
has been re-activated by means of the instruction IWatch. Interrupts which are gener-
ated whilst ISeep isin effect are ignored.

Example

VAR intnum timeint;
CONNECT timeint WITH check_seriach;
I Timer 60, timeint;

iSIeep timeint;
WriteBin chl, buffer, 30;
IWatch timeint;

TRAP check_seriach
WriteBin chl, buffer, 1;
IF ReadBin(ch1\Time:=5) < 0 THEN
TPWrite “The serial communication is broken”;
EXIT;
ENDIF
ENDTRAP

Communication across the chl serial channel is monitored by means of inter-
rupts which are generated evéfyseconds. The trap routine checks whether the
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communication isworking. When, however, communication isin progress, these
interrupts are not permitted.

Error handling

Interrupts which have neither been ordered nor enabled are not permitted. If the inter-
rupt number is unknown, the system variable ERRNO will be set to ERR_UNKINO
(see “Data types - errnum”). The error can be handled in the error handler.

Syntax

ISleep
[ Interrupt =" ] < variable YAR) of inthum > *;’

Related information

Described in:
Summary of interrupts RAPID Summarynterrupts
Enabling an interrupt InstructiongWatch
Disabling all interrupts Instructiond Bisable
Cancelling an interrupt InstructiondDelete
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| Timer Ordersatimed interrupt

ITimer (Interrupt Timer) is used to order and enable atimed interrupt.

Thisinstruction can be used, for example, to check the status of peripheral equipment
once every minute.

Examples
VAR intnum timeint;

CONNECT timeint WITH iroutinel;
I Timer 60, timeint;

Orders an interrupt that is to occur cyclically every 60 seconds. A call isthen
made to the trap routine iroutinel.

ITimer \Single, 60, timeint;

Orders an interrupt that is to occur once, after 60 seconds.

Arguments

ITimer [\Single] Time Interrupt

[\Single] Datatype: switch

Specifies whether the interrupt isto occur once or cyclically.

If the argument Singleis set, the interrupt occurs only once. If the argument is
omitted, an interrupt will occur each time at the specified time.

Time Data type: num

The amount of time that must lapse before the interrupt occurs.
The value is specified in second if Sngleis set, thistime may not be less than
0.05 seconds. The corresponding time for cyclical interruptsis 0.25 seconds.

Interrupt Datatype: intnum

The variable (interrupt identity) of the interrupt. This should have previously
been connected to atrap routine by means of the instruction CONNECT.

Program execution

The corresponding trap routine is automatically called at a given time following the

interrupt order. When this has been executed, program execution continuesfrom where
the interrupt occurred.
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If the interrupt occurs cyclically, a new computation of timeis started from when the
interrupt occurs.

Example

VAR intnum timeint;
CONNECT timeint WITH check_serialch;
ITimer 60, timeint;

TRAP check_serialch
WriteBin chl, buffer, 1;
IF ReadBin(ch1\Time:=5) < 0 THEN
TPWrite “The serial communication is broken”;
EXIT;
ENDIF
ENDTRAP

Communication across the chl serial channel is monitored by means of interrupts
which are generated eved seconds. The trap routine checks whether the com-

munication is working. If it is not, program execution is interrupted and an error
message appears.

Limitations

The same variable for interrupt identity cannot be used more than once, without being
first deleted. See Instruction$SgnalDlI.

Syntax

[Timer
['VSingle ')']
[ Time =" ] < expressionI(N) of num >’/
[ Interrupt :=’" ] < variable YAR) of inthum>";’

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
More information on interrupt management  Basic Characterigtits+upts
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|VarValue Ordersavariablevalueinterrupt

[VarVal(Interrupt Variable Value) is used to order and enable an interrupt when the
value of avariable accessed viathe seria sensor interface has been changed.

Thisinstruction can be used, for example, to get seam volume or gap values from a
seam tracker.

Examples

LOCAL PERS num adtVIt{25}:=[1,1.2,1.4,1.6,1.8,2,2.16667,2.33333,2.5,...];
LOCAL PERS num adptWfd{ 25} :=[2,2.2,2.4,2.6,2.8,3,3.16667,3.33333,3.5,...];
LOCAL PERS num adptSpd{ 25} :=10,12,14,16,18,20,21.6667,23.3333,25[,...]|;
LOCAL CONST num GAP_VARIABLE_NO:=11,

PERS num gap _value;

VAR inthum IntAdap;

PROC main()
I Setup the interrupt. The trap routine AdapTrp will be called
I when the gap variable with number ‘GAP_VARIABLE_NO' in
I the sensor interface has been changed. The new value will be available
l'in the PERS gp_value variable.
CONNECT IntAdap WITH AdapTrp;
IVarValue GAP_VARIABLE_NO, gap_value, IntAdap;

I Start welding

ArcL\On,*,v100,adaptSm,adaptWd,adaptWv,z10,tool\\\ Track:=track;

ArcL\On,*,v100,adaptSm,adaptWd,adaptWv,z10,tool\\\ Track:=track;
ENDPROC

TRAP AdapTrap
VAR num Arrind;

IScale the raw gap value received
Arrind:=Arrindx(gap_value);

I Update active welddata PERS variable ‘adaptWd’ with

I new data from the arrays of predefined parameter arrays.

I The scaled gap value is used as index in the voltage, wirefeed and speed arrays.
adaptWd.weld_voltage:=adptVIt{Arrind};
adaptWd.weld_wirefeed:=adptWfd{Arrind};
adaptWd.weld_speed:=adptSpd{Arrind};

IRequest a refresh of AW parameters using the new data i adaptwd
ArcRefresh;
ENDTRAP
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Arguments
IVarValue VarNo Value, Interrupt
VarNo Datatype: num
The number of the variable to be supervised.
Value Datatype: num
A PERS variable which will hold the new value of Varno.
Interrupt Datatype: intnum

The variable (interrupt identity) of the interrupt. This should have previously
been connected to atrap routine by means of the instruction CONNECT.

Program execution

The corresponding trap routine is automatically called at a given time following the
interrupt order. When this has been executed, program execution continues from where
the interrupt occurred.

Limitations

The same variable for interrupt identity cannot be used more than five times, without
first being deleted.

Syntax

IVarValue
[ VarNo :=" ] < expressionI(N) of num >’/
[ Value =" ] < persistenfPERS) of num >’;
[ Interrupt ;=" ] < variable YAR) of inthum>";

Related infor mation

Described in:
Summary of interrupts RAPID Summarynterrupts
More information on interrupt management  Basic Characterigtitss+upts
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Instructions | Watch

| Watch Activates an interrupt

IWatch (Interrupt Watch) isused to activate an interrupt which was previously ordered
but was deactivated with [ Seep.

Example
IWatch siglint;

The interrupt siglint that was previously deactivated is activated.

Arguments
IWatch Interrupt

Interrupt Datatype: intnum

Variable (interrupt identity) of the interrupt.

Program execution

The event connected to thisinterrupt generates interrupts once again. Interrupts gener-
ated during the time the | Seep instruction isin effect, however, are ignored.

Example

VAR inthum siglint;
CONNECT siglint WITH iroutinel;
ISignalDI dil,1,siglint;

iSIeep siglint;
weldpartl;
IWatch siglint;

During execution of the weldpartl routine, no interrupts are permitted from the
signal dil.

Error handling

Interrupts which have not been ordered are not permitted. If the interrupt number is

unknown, the system variable ERRNO is set to ERR_UNKINO (see “Date types - err-

num”). The error can be handled in the error handler.
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Syntax

IWatch
[ Interrupt =" ] < variable YAR) of inthum > *;’

Related information

Described in:
Summary of interrupts RAPID Summarynterrupts
Deactivating an interrupt InstructionsSeep
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|label Line name

Label isused to name aline in the program. Using the GOTO instruction, this name
can then be used to move program execution.

Example
GOTO next;
next:
Program execution continues with the instruction following next.
Arguments
Label:
L abel Identifier

The name you wish to give the line.

Program execution

Nothing happens when you execute this instruction.

Limitations
The label must not be the same as

- any other label within the same routine,
- any data name within the same routine.

A label hides global data and routines with the same name within the routineit is
located in.

Syntax

(EBNF)
<identifier>":’
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Related infor mation

Described in:

Identifiers Basic Characteristics-
Basic Elements

Moving program execution to alabel Instructions - GOTO
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Instructions Load

L oad L oad a program module during execution

Load is used to load a program modul e into the program memory during execution.

The loaded program module will be added to the already existing modules in the pro-
gram memory.

Example
Load ramldisk \File="PART_A.MOD";

Load the program module PART_A.MOD from the ramldisk into the program
memory. ( ramldisk is a predefined string constant “ramldisk:").

Arguments
L oad FilePath [\Filg]

FilePath Data type: string

Thefile path and the file name to the file that will be loaded into the program
memory. The file name shall be excluded when the argument \Fileis used.

[\File] Data type: string

When thefile nameis excluded in the argument FilePath then it must be defined
with this argument.

Program execution

Program execution waits for the program modul e to finish loading before proceeding
with the next instruction.

To obtain agood program structure, that is easy to understand and maintain, all loading
and unloading of program modules should be done from the main module which is
always present in the program memory during execution.

After the program module isloaded it will be linked and initialised. Theinitialisation
of the loaded module sets all variables at module level to their init values. Unresolved
references will be accepted if the system parameter for Tasksis set (BindRef = NO).
However, when the program is started or the teach pendant function Program/File/
Check isused, no check for unresolved references will be done if the parameter Bind-
Ref = NO. There will be arun time error on execution of an unresolved reference.
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Examples
Load "ram1disk:DOORDIR/DOOR1.MOD";

Load the program module DOOR1.MOD from the ram1disk at the directory
DOORDIR into the program memory.

Load "ram1disk:DOORDIR/" \File:="DOOR1.MOD";

Same as above but another syntax.

Limitations
L oading a program module that contains a main routine is not allowed.
Avoid ongoing robot movements during the loading.

Avoid using the floppy disk for loading since reading from the floppy driveisvery time
consuming.

Error handling

If thefilein the Load instructions cannot be found, then the system variable ERRNO is
set to ERR_FILNOTFND. If the module aready is loaded into the program memory
then the system variable ERRNO isset to ERR_LOADED (see"Datatypes- errnum").
The errors above can be handled in an error handler.

Syntax

Load
[FilePath’:="]<expressionI{N) of string>
['\'File’:=" <expression (N) of string>]";’

Related infor mation

Described in:
Unload a program module InstructionsgnLoad
Load a program module in parallel Instructior&artLoad-WaitLoad
with another program execution
Accept unresolved references System Parame@ustroller

System Parameterdasks
System Parameter®8indRef
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Instructions MoveCSync

MoveCSync  Movestherobot circularly
and executesa RAPID procedure

MoveCSync (Move Circular Synchronously) isused to movethetool centre point (TCP)
circularly to agiven destination. The specified RAPID procedure is executed at the mid-
dleof the corner path in the destination point. During the movement, the orientation nor-
mally remains unchanged relative to the circle.

Examples
MoveCSync p1, p2, v500, z30, tool2, “procl”;

The TCP of the tootpol 2, is moved circularly to the positig2, with speed data
v500 and zone datz30. The circle is defined from the start position, the circle
pointpl and the destination poip2. Procedurgrocl is executed in the middle
of the corner path 2.

Arguments
MoveCSync CirPoint ToPoint Speed [\T ] Zone Tool [\WObj ]
ProcName
CirPoint Data typerobtarget

The circle point of the robot. The circle point is a position on the circle between
the start point and the destination point. To obtain the best accuracy, it should be
placed about halfway between the start and destination points. If it is placed too
close to the start or destination point, the robot may give a warning. The circle
point is defined as a named position or stored directly in the instruction (marked
with an * in the instruction). The position of the external axes are not used.

ToPoint Data typerobtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Data typespeeddata

The speed data that applies to movements. Speed data defines the velocity of the
TCP, the tool reorientation and external axes.

[\T] (Time) Data typenum

This argument is used to specify the total time in seconds during which the robot
and external axes move. It is then substituted for the corresponding speed data.
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Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination point.

[ \WObj] (Work Object) Datatype: wobjdata

The work object (object coordinate system) to which the robot position in the
instruction is related.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

ProcName (Procedure Name) Datatype: string

Name of the RAPID procedure to be executed at the middle of the corner pathin
the destination point.

Program execution
See the instruction MoveC for more information about circular movements.

The specified RAPID procedure is executed when the TCP reaches the middle of the
corner path in the destination point of the MoveCSync instruction, asshownin Figure 1.

MoveCSync p2, p3, v1000, z30, tool2, “my_proc”;

When TCP is here, s M
my _proc is executed

pl
Zone
p3

p2

Figure 22 Execution of user-defined RAPID procedure at the middle of the corner path.

For stop points, we recommend the use of “normal” programming sequence with
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MoveC + other RAPID instructions in sequence.

Execution of the specified RAPID procedure in different execution modes:

Execution mode: Execution of RAPID procedure:
Continuously or Cycle According to this description
Forward step In the stop point
Backward step Not at all

Limitation

General limitations according to instruction MoveC.

Switching execution mode after program stop from continuously or cycle to stepwise
forward or backward resultsin an error. This error tells the user that the mode switch
can result in missed execution of aRAPID procedurein the queue for execution on the
path. Thiserror can be avoided if the program is stopped with Stoplnstr before the
mode switch.

Instruction MoveCSync cannot be used on TRAP level.
The specified RAPID procedure cannot be tested with stepwise execution.

Syntax

MoveCSync
[ CirPoint ":=" ] < expressionI(N) of robtarget >,
[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expressior {l) of speeddata >
['V T =" <expression (N) of num>1]"/’
[ Zone ":=" ] < expressionl{N) of zonedata >’
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata> 1]’/
[ ProcName “:=' ] < expressionl{l) of string >]’;’
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I nstructions

Related infor mation

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Motion in general

Coordinate systems

2-MoveCSync-4

Described in:

RAPID Summary - Motion
Data Types - speeddata
Data Types - zonedata
Data Types - tooldata
Data Types - wobjdata
Motion and 1/0O Principles

Motion and I/O Principles -
Coordinate Systems
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MoveAbsIMovestherobot to an absolute joint position

MoveAbs] (Move Absolute Joint) is used to move the robot to an absol ute position,
defined in axes positions.

Thisinstruction need only be used when:

- the end point is a singular point

- for ambiguous positions on the IRB 6400C, e.g. for movements with the tool
over the robot.

Thefinal position of the robot, during a movement with MoveAbs], is neither affected
by the given tool and work object, nor by active program displacement. However, the
robot uses these data to calculating the load, TCP velocity, and the corner path. The
same tools can be used as in adjacent movement instructions.

The robot and external axes move to the destination position along a non-linear path.
All axes reach the destination position at the same time.

Examples
MoveAbs] p50, v1000, z50, tool2;

The robot with the tool tool2 is moved along a non-linear path to the absolute
axis position, p50, with velocity data v1000 and zone data z50.

MoveAbs] *, v1000\T:=5, fine, grip3;

The robot with the tool grip3, is moved along a non-linear path to a stop point
which isstored as an absolute axis position in theinstruction (marked with an *).
The entire movement takes 5 s.

Arguments

MoveAbs) [\Conc] ToJointPos Speed [\V ] |[\T] Zone [\Z]
Tool [\WODj ]

[\Conc] (Concurrent) Data type: switch
Subsequent instructions are executed while therobot ismoving. Theargument is
used to shorten the cycle time when, for example, communicating with externa
equipment, if synchronisation is not required.

Using the argument \Conc, the number of movement instructions in succession
islimited to 5. In a program section that includes StorePath-RestoPath, move-
ment instructions with the argument \Conc are not permitted.

If this argument is omitted and the ToPoint is not a stop point, the subsequent
instruction is executed some time before the robot has reached the programmed
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zone.
ToJointPos (To Joint Position) Data type: jointtarget
The destination absolutejoint position of the robot and external axes. Itisdefined
asanamed position or stored directly in the instruction (marked with an * in the
instruction).
Speed Data type: speeddata

The speed data that appliesto movements. Speed data defines the velocity of the
tool centre point, the tool reorientation and external axes.

[\V] (\Velocity) Data type: num
This argument is used to specify the velocity of the TCP in mm/s directly in the
instruction. It is then substituted for the corresponding velocity specified in the
Speed data.

[\T] (Time) Datatype: num

Thisargument is used to specify the total time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Data type: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

[\Z] (Zone) Datatype: num

Thisargument is used to specify the position accuracy of the robot TCP directly
in the instruction. The length of the corner path is given in mm, which is substi-
tuted for the corresponding zone specified in the zone data.

Tool Data type: tooldata
Thetool in use during the movement.

The position of the TCP and the load on the tool are defined in the tool data. The
TCP position isused to decide the vel ocity and the corner path for the movement.

[ \WObj] (Work Object) Datatype: wobjdata
The work object used during the movement.
This argument can be omitted if the tool is held by the robot. However, if the
robot holdsthework object, i.e. thetool isstationary, or with coordinated external
axes, then the argument must be specified.
In the case of a stationary tool or coordinated external axes, the data used by the

system to decide the velocity and the corner path for the movement, isdefined in
the work object.
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Program execution

Thetool is moved to the destination absolute joint position with interpolation of the
axisangles. Thismeansthat each axisis moved with constant axis velocity and that all
axes reach the destination joint position at the same time, which resultsin anon-linear
path.

Generally speaking, the TCPis moved at approximate programmed vel ocity. The tool
Is reoriented and the external axes are moved at the same time as the TCP moves. If
the programmed vel ocity for reorientation, or for the external axes, cannot be attained,
the velocity of the TCP will be reduced.

A corner path isusually generated when movement istransferred to the next section of
the path. If astop point is specified in the zone data, program execution only continues
when the robot and external axes have reached the appropriate joint position.

Examples
MoveAbs] *, v2000\V:=2200, z40 \Z:=45, grip3;

Thetool, grip3, is moved along a non-linear path to a absolute joint position
stored in theinstruction. The movement is carried out with data set to v2000 and
740, the velocity and zone size of the TCP are 2200 mm/s and 45 mm respec-
tively.

MoveAbsJ\Conc, *, v2000, z40, grip3;

Thetool, grip3, is moved along a non-linear path to a absolute joint position
stored in the instruction. Subsequent logical instructions are executed while the
robot moves.

GripLoad obj_mass;
MoveAbs] start, v2000, z40, grip3 \WODbj:= obj;

The robot moves the work object obj in relation to the fixed tool grip3 along a
non-linear path to an absolute axis position start.

Error handling

When running the program, acheck is made that the arguments Tool and \WObj do not
contain contradictory data with regard to a movable or a stationary tool respectively.

Limitations

A movement with MoveAbs] is not affected by active program displacement, but is
affected by active offset for external axes.

In order to be able to run backwards with the instruction MoveAbs] involved, and
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avoiding problems with singular points or ambiguous aresas, it is essential that the sub-
sequent instructions fulfil certain requirements, as follows (see Figure 1).

Sngular point
-

Movel
MoveAbs]

Ambiguous area

K’_/
M oveAbsJ Any Moveingtr.
MoveAbs]

Figure 1 Limitation for backward execution with MoveAbsJ.

Syntax

MoveAbs]

['VConc']
[ ToJointPos ":=" ] < expression ) of jointtarget >/’
[ Speed ;=" ] < expression ) of speeddata >

['VV = <expression (N) of num> ]

| ['V T = <expression [N) of num>1]"/
[Zone :=" ] < expressionlI{N) of zonedata >

[V Z "= < expression (N) of num>1]"/
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata > ] '}’
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MoveAbs]

Related infor mation

Other positioning instructions
Definition of jointtarget
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Motion in general

Concurrent program execution

System DataTypes and Routines

Described in:

RAPID Summary - Motion
Data Types - jointtarget
Data Types - speeddata
Data Types - zonedata
Data Types - tooldata
Data Types - wobjdata
Motion and 1/0O Principles

Motion and 1/0O Principles -
Synchronisation Using Logical Instructions
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Instructions MoveC

MoveC Movestherobot circularly

MoveC is used to move the tool centre point (TCP) circularly to a given destination.
During the movement, the orientation normally remains unchanged relative to the circle.

Examples
MoveC p1, p2, v500, z30, tool 2;

The TCP of thetool, tool 2, ismoved circularly to the position p2, with speed data
v500 and zone data z30. The circle is defined from the start position, the circle
point p1 and the destination point p2.

MoveC *, *, v500 \T:=5, fine, grip3;

The TCP of thetool, grip3, is moved circularly to a fine point stored in the
instruction (marked by the second *). The circle point is also stored in the
instruction (marked by the first *). The complete movement takes 5 seconds.

Movel p1, v500, fine, tool 1;
MoveC p2, p3, v500, z20, tool1;
MoveC p4, pl, v500, fine, tool1;

A complete circleis performed if the positions are the same as those shown in
Figure 2.

pl

p3
Figure2 A complete circleis performed by two MoveC instructions.

Arguments

MoveC [\Conc] CirPoint ToPoint Speed [\V]|[\T] Zone [\Z]
Tool [ \WODbj ][\Corr ]

[\Conc] (Concurrent) Data type: switch
Subsequent instructions are executed at once. This argument is used to shorten

the cycle time when, for example, communicating with external equipment, if
synchronisation is not required.
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2-MoveC-2

I nstructions

Using the argument \Conc, the number of movement instructionsin successionis
l[imited to 5. In aprogram section that includes StorePath-RestoPath, movement
instructions with the argument \Conc are not permitted.

If this argument is omitted, and the ToPoint is not a Stop point the subsequent
instruction is executed some time before the robot has reached the programmed
zone.

CirPoint Datatype: robtarget

The circle point of the robot. The circle point is a position on the circle between
the start point and the destination point. To obtain the best accuracy, it should be
placed about halfway between the start and destination points. If it is placed too
close to the start or destination point, the robot may give awarning. The circle
point is defined as a named position or stored directly in the instruction (marked
with an * in the instruction). The position of the external axes are not used.

ToPoint Datatype: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Data type: speeddata

The speed data that appliesto movements. Speed data defines the vel ocity of the
TCR, the tool reorientation and external axes.

[\V] (\Velocity) Data type: num
This argument is used to specify the velocity of the TCP in mm/s directly in the
instruction. It is then substituted for the corresponding velocity specified in the
Speed data.

[\T] (Time) Data type: num

Thisargument is used to specify thetotal time in seconds during which the robot
and external axes move. It is then substituted for the corresponding speed data.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

[\Z] (Zone) Data type: num

Thisargument is used to specify the position accuracy of the robot TCP directly
in the instruction. The length of the corner path is given in mm, which is
substituted for the corresponding zone specified in the zone data.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination point.
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[ \WObj] (Work Object) Datatype: wobjdata

The work object (object coordinate system) to which the robot position in the
instruction is related.

This argument can be omitted, and if it is, the position is related to the world
coordinate system. If, on the other hand, a stationary TCP or coordinated
external axes are used, this argument must be specified in order for acircle
relative to the work object to be executed.

[\Corr] (Correction) Data type: switch

Correction data written to a corrections entry by the instruction CorrWrite will
be added to the path and destination position, if this argument is present.

Program execution
The robot and external units are moved to the destination point as follows:

- The TCP of thetool is moved circularly at constant programmed vel ocity.

- Thetool isreoriented at a constant velocity, from the orientation at the start
position to the orientation at the destination point.

- The reorientation is performed relative to the circular path. Thus, if the
orientation relativeto the path isthe same at the start and the destination points,
therelative orientation remai ns unchanged during the movement (see Figure 3).

CirPoint

Start point

ToPoint

Figure 3 Tool orientation during circular movement.

- The orientation at the circle point is not critical; it is only used to distinguish
between two possible directions of reorientation. The accuracy of the
reorientation along the path depends only on the orientation at the start and
destination points.

- Uncoordinated external axes are executed at constant velocity in order for them
to arrive at the destination point at the same time asthe robot axes. The position
in the circle position is not used.

If it isnot possible to attain the programmed velocity for the reorientation or for the
external axes, the velocity of the TCP will be reduced.

System DataTypes and Routines 2-MoveC-3



MoveC Instructions

A corner path isusually generated when movement istransferred to the next section of
apath. If astop point is specified in the zone data, program execution only continues
when the robot and external axes have reached the appropriate position.

Examples
MoveC *, *, v500 \V:=550, z40\Z:=45, grip3;

The TCP of thetool, grip3, ismoved circularly to a position stored in the
instruction. The movement is carried out with data set to v500 and z40; the
velocity and zone size of the TCP are 550 mm/s and 45 mm respectively.

MoveC \Conc, *, *, v500, z40, grip3;

The TCP of thetool, grip3, ismoved circularly to a position stored in the
instruction. The circle point is aso stored in the instruction. Subsequent logical
instructions are executed while the robot moves.

MoveC cirl, p15, v500, z40, grip3 \WODbj:=fixture;
The TCP of thetool, grip3, is moved circularly to a position, pl15, viathe circle

point cirl. These positions are specified in the object coordinate system for
fixture.

Limitations

A change of execution mode from forward to backward or vice versa, while the robot
is stopped on acircular path, is not permitted and will result in an error message.

The instruction MoveC (or any other instruction including circular movement) should
never be started from the beginning, with TCP between the circle point and the end
point. Otherwise the robot will not take the programmed path (positioning around the
circular path in another direction compared with that programmed).

Make surethat the robot can reach the circle point during program execution and divide
the circle segment if necessary.
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| nstructions

MoveC

MoveC
['VConc', ]

[ CirPoint :=" ] < expressionI(N) of robtarget > ',
[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expressior {l) of speeddata >

['VV =" <expression (N) of num> ]

| ['V T =" <expression [N) of num>1]"/’
[Zone ":=" ] < expressionI{N) of zonedata >

[V Z:=" <expression (N) of num>1]"/
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata > ]

['VCorr]y

Related infor mation

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Writes to a corrections entry
Motion in general

Coordinate systems

Concurrent program execution

System DataTypes and Routines

Described in:

RAPID Summarlyletion
Data Typesspeeddata
Data Typegcnedata
Data Typestooldata
Data Typesnobjdata
Instruction€errWrite
Motion and I/O Principles

Motion and I/O Principles -
Coordinate Systems

Motion and I/O Principles -
Synchronisation Using Logical
Instructions
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| nstructions MoveCDO

MoveCDO Movestherobot circularly
and setsdigital output in the corner

MoveCDO (Move Circular Digital Output) is used to move the tool centre point (TCP)
circularly to agiven destination. The specified digital output is set/reset in the middle of
the corner path at the destination point. During the movement, the orientation normally
remains unchanged relative to the circle.

Examples
MoveCDO p1, p2, v500, z30, tool2, dol,1;

The TCPof thetool, tool 2, ismoved circularly to the position p2, with speed data
v500 and zone data z30. The circle is defined from the start position, the circle
point p1 and the destination point p2. Output dol isset in the middle of the corner
path at p2.

Arguments
MoveCDO CirPoint ToPoint Speed [\T ] Zone Tool [\WODbj ]
Signal Value
CirPoint Data type: robtarget

Thecircle point of the robot. The circle point is a position on the circle between
the start point and the destination point. To obtain the best accuracy, it should be
placed about halfway between the start and destination points. If it is placed too
close to the start or destination point, the robot may give awarning. The circle
point is defined as anamed position or stored directly in theinstruction (marked
with an * in the instruction). The position of the external axes are not used.

ToPoint Data type: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in theinstruction (marked with an* in theinstruction).

Speed Datatype: speeddata

The speed data that appliesto movements. Speed data definesthe velocity of the
TCP, the tool reorientation and external axes.

[\T] (Time) Data type: num

Thisargument isused to specify the total timein seconds during which the robot
and external axes move. It is then substituted for the corresponding speed data.
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Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination point.

[ \WObj] (Work Object) Datatype: wobjdata

The work object (object coordinate system) to which the robot position in the
instruction is related.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified in order for acirclerelative to the
work object to be executed.

Signal Datatype: signaldo
The name of the digital output signal to be changed.

Value Data type: dionum

The desired value of signal (0 or 1).

Program execution
See the instruction MoveC for more information about circular movement.

The digital output signal is set/reset in the middle of the corner path for flying points,
asshown in Figure 1.

CirPoint

Set/Reset
the signal

\

Ne_xt
ToPoint point

Zone
Figure4 Set/Reset of digital output signal in the corner path with MoveCDO.

For stop points, we recommend the use of “normal” programming sequence with
MoveC + SetDO. But when using stop point in instructiboveCDO, the digital output
signal is set/reset when the robot reaches the stop point.
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| nstructions

MoveCDO

The specified 1/0 signal is set/reset in execution mode continuously and stepwise for-

ward but not in stepwise backward.

Limitations

General limitations according to instruction MoveC.

Syntax

MoveCDO

[ CirPoint :=" ] < expressionI(N) of robtarget >’
[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expression ) of speeddata >
['V T =" <expression (N) of num>1]"/
[ Zone .=’ ] < expressionl{N) of zonedata >’
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata> 1]’/
[ Signal .=’ ] < variable YAR) of signaldo>] *,’
[ Value =" ] < expressionI(N) of dionum>1]";

Related infor mation

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Motion in general

Coordinate systems

Movements with 1/O settings

System DataTypes and Routines

Described in:
RAPID Summarietion
Data Typesspeeddata
Data Typegcnedata
Data Typestooldata
Data Typesnobjdata
Motion and I/O Principles

Motion and I/O Principles -
Coordinate Systems

Motion and I/O Principl&yachroni-
sation Using Logical Instructions
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| nstructions MovelDO

MovelDO Movestherobot by joint movement
and setsdigital output in the corner

MovedDO (Move Joint Digital Output) is used to move the robot quickly from one
point to another when that movement does not have to be in a straight line. The speci-
fied digital output signal is set/reset at the middle of the corner path.

The robot and external axes move to the destination position along a non-linear path.
All axes reach the destination position at the same time.

Examples
MoveldDO p1, vmax, z30, tool2, dol, 1;

Thetool centre point (TCP) of the tool, tool2, is moved along a non-linear path
to the position, p1, with speed data vmax and zone data z30. Output dol isset in
the middle of the corner path at p1.

Arguments

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

ToPoint Data type: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly intheinstruction (marked with an* in theinstruction).

Speed Datatype: speeddata

The speed data that appliesto movements. Speed data definesthe velocity of the
tool centre point, the tool reorientation and external axes.

[\T] (Time) Data type: num

Thisargument isused to specify the total timein seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point moved
to the specified destination point.
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[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

Signal Datatype: signaldo
The name of the digital output signal to be changed.

Value Datatype: dionum

The desired value of signal (0 or 1).

Program execution
See the instruction Moved for more information about joint movement.

The digital output signal is set/reset in the middle of the corner path for flying points,
asshown in Figure 1.

Setsthe signal dolto 1

MoveldDO p2, v1000, z30, tool2, dol, 1; y
[ _ °

pl p2

Zone

Figure5 Set/Reset of digital output signal in the corner path with MoveJDO.

For stop points, we recommend the use of “normal” programming sequence with
Movel + SetDO. But when using stop point in instructibtovelDO, the digital output
signal is set/reset when the robot reaches the stop point.

The specified 1/0 signal is set/reset in execution mode continuously and stepwise for-
ward but not in stepwise backward.
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Syntax

MovelDO
[ ToPoint :=" ] < expressionl(N) of robtarget >’
[ Speed ":=" ] < expression ) of speeddata >
['V T =" <expression (N) of num>1]"/
[ Zone ":=" ] < expressionl{N) of zonedata > ',
[ Tool :="] < persistent PERS) of tooldata >
[ 'V WODbj :=’ < persistent PERS) of wobjdata > ]’/
[ Signal ":=" ] < variable VAR) of signaldo>] *,’
[ Value =" ] < expressionI(N) of dionum>1]’;

Related infor mation

Described in:

Other positioning instructions RAPID Summarietion

Definition of velocity Data Types speeddata

Definition of zone data Data Typegcnedata

Definition of tools Data Typestooldata

Definition of work objects Data Typesnobjdata

Motion in general Motion and I/O Principles

Coordinate systems Motion and I/O Principles -
Coordinate Systems

Movements with I/O settings Motion and I/O Principlé&ynchronisa-

tion Using Logical Instructions
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Instructions Movel

Movel Movestherobot by joint movement

Moveld is used to move the robot quickly from one point to another when that move-
ment does not have to be in a straight line.

The robot and external axes move to the destination position along a non-linear path.
All axes reach the destination position at the same time.

Examples
Movel pl, vmax, z30, tool2;

Thetool centre point (TCP) of the tool, tool2, is moved along a non-linear path
to the position, p1, with speed data vmax and zone data z30.

Movel*, vmax \T:=5, fine, grip3;
The TCP of thetool, grip3, is moved along a non-linear path to a stop point

stored in the instruction (marked with an *). The entire movement takes 5 sec-
onds.

Arguments
Movel [\Conc] ToPoint Speed [\V]|[[\T] Zone [\Z] Tool
[ \WObj ]
[\Conc] (Concurrent) Data type: switch

Subsequent instructions are executed while the robot ismoving. Theargument is
used to shorten the cycle time when, for example, communicating with externa
equipment, if synchronisation is not required.

Using the argument \Conc, the number of movement instructions in succession
islimited to 5. In a program section that includes StorePath-RestoPath, move-
ment instructions with the argument \Conc are not permitted.
If this argument is omitted and the ToPoint is not a stop point, the subsequent
instruction is executed some time before the robot has reached the programmed
zone.

ToPoint Datatype: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly intheinstruction (marked with an* in theinstruction).

Speed Data type: speeddata
The speed data that appliesto movements. Speed data definesthe velocity of the
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tool centre point, the tool reorientation and external axes.

[\V] (\Velocity) Data type: num
Thisargument is used to specify the velocity of the TCP in mm/sdirectly in the
instruction. It is then substituted for the corresponding velocity specified in the
Speed data.

[\T] (Time) Data type: num

Thisargument is used to specify the total time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

[\Z] (Zone) Data type: num

Thisargument is used to specify the position accuracy of the robot TCP directly
in the instruction. The length of the corner path is given in mm, which is substi-
tuted for the corresponding zone specified in the zone data.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point moved
to the specified destination point.

[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

Program execution

Thetool centre point is moved to the destination point with interpolation of the axis
angles. Thismeansthat each axisis moved with constant axis velocity and that all axes
reach the destination point at the same time, which resultsin a non-linear path.

Generally speaking, the TCP is moved at the approximate programmed vel ocity
(regardless of whether or not the external axes are coordinated). Thetool is reoriented
and the external axesare moved at the sametime asthe TCP moves. If the programmed
velocity for reorientation, or for the external axes, cannot be attained, the velocity of
the TCP will be reduced.

A corner path isusually generated when movement istransferred to the next section of
the path. If astop point is specified in the zone data, program execution only continues
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when the robot and external axes have reached the appropriate position.

Examples
Moveld *, v2000\V:=2200, z40 \Z:=45, grip3;

The TCP of thetool, grip3, ismoved along a non-linear path to a position stored
in the ingtruction. The movement is carried out with data set to v2000 and z40;
the velocity and zone size of the TCP are 2200 mm/s and 45 mm respectively.

MoveJ\Conc, *, v2000, z40, grip3;

The TCP of thetool, grip3, ismoved along anon-linear path to a position stored
in the instruction. Subsequent logical instructions are executed while the robot
moves.

Moveld start, v2000, z40, grip3 \WODbj:=fixture;

The TCP of thetool, grip3, is moved along a non-linear path to aposition, start.
This position is specified in the object coordinate system for fixture.

Syntax

Movel
['VConc', ]
[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expressior {l) of speeddata >
['VV =" <expression (N) of num> ]
| ['V T =" <expression [N) of num>1]"/’
[Zone ":=" ] < expressionI{N) of zonedata >
[V Z =" <expression (N) of num>1]"/
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata >}’
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I nstructions

Related infor mation

2-MovelJ-4

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Motion in general

Coordinate systems

Concurrent program execution

Described in:

RAPID Summary - Motion
Data Types - speeddata
Data Types - zonedata
Data Types - tooldata
Data Types - wobjdata
Motion and 1/O Principles

Motion and 1/O Principles -
Coordinate Systems

Motion and 1/0O Principles -
Synchronisation Using Logical Instructions
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MovelL DO Movestherobot linearly
and setsdigital output in the corner

MovelL DO (Move Linearly Digital Output) is used to movethetool centre point (TCP)
linearly to a given destination. The specified digital output signal is set/reset at the mid-
dle of the corner path.

When the TCP isto remain stationary, this instruction can also be used to reorient the
tool.

Example
MovelL DO p1, v1000, z30, tool2, dol,1;

The TCP of thetool, tool 2, is moved linearly to the position pl, with speed data
v1000 and zone data z30. Output dol is set in the middle of the corner path at pl.

Arguments

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

ToPoint Datatype: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly intheinstruction (marked with an* in theinstruction).

Speed Data type: speeddata

The speed datathat appliesto movements. Speed data definesthe velocity for the
tool centre point, the tool reorientation and external axes.

[\T] (Time) Datatype: num

Thisargument isused to specify the total timein seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Data type: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

The tool in use when the robot moves. The tool centre point is the point moved
to the specified destination position.
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[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

Signal Datatype: signaldo
The name of the digital output signal to be changed.

Value Datatype: dionum

The desired value of signal (0 or 1).

Program execution
See the instruction MoveL for more information about linear movements.

The digital output signal is set/reset in the middle of the corner path for flying points,
asshown in Figure 1.

Setsthe signal dolto 1

MovelL DO p2, v1000, z30, tool2, dol, 1; y
[ _ °

pl p2

Zone

Figure 6 Set/Reset of digital output signal in the corner path with MovelL DO.

For stop points, we recommend the use of “normal” programming sequence with
Movel + SetDO. But when using stop point in instructidMovel DO, the digital output
signal is set/reset when the robot reaches the stop point.

The specified 1/0 signal is set/reset in execution mode continuously and stepwise for-
ward but not in stepwise backward.
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MoveLDO

Syntax

MoveLDO

[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expression ) of speeddata >
['V T =" <expression (N) of num>1]"/
[ Zone ":=" ] < expressionl{N) of zonedata >’
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata> 1]’/
[ Signal ;=" ] < variable YAR) of signaldo>] *,’
[ Value =" ] < expressionI(N) of dionum>1]";

Related infor mation

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Motion in general

Coordinate systems

Movements with 1/O settings

System DataTypes and Routines

Described in:
RAPID Summarietion
Data Typesspeeddata
Data Typegcnedata
Data Typestooldata
Data Typesnobjdata
Motion and I/O Principles

Motion and I/O Principles -
Coordinate Systems

Motion and I/O Principlé&yachroni-
sation Using Logical Instructions
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Instructions MovelL

M ovelL Movestherobot linearly

MovelL is used to move the tool centre point (TCP) linearly to a given destination.

When the TCP isto remain stationary, this instruction can also be used to reorientate
the tool.

Example
Movel pl, v1000, z30, tool 2;

The TCP of the tool, tool 2, ismoved linearly to the position p1, with speed data
v1000 and zone data z30.

MovelL *, v1000\T:=5, fine, grip3;

The TCP of thetool, grip3, ismoved linearly to afine point stored in the
instruction (marked with an *). The complete movement takes 5 seconds.

Arguments

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

[\Conc] (Concurrent) Data type: switch
Subsequent instructions are executed at once. This argument is used to shorten

the cycle time when, for example, communicating with external equipment, if
synchronisation is not required.

Using the argument \Conc, the number of movement instructions in succession
Islimited to 5. In a program section that includes StorePath-RestoPath,
movement instructions with the argument \Conc are not permitted.

If this argument is omitted and the ToPoint is not a stop point, the subsequent

instruction is executed some time before the robot has reached the programmed
zone.

ToPoint Datatype: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly intheinstruction (marked with an* in theinstruction).

Speed Data type: speeddata

The speed datathat appliesto movements. Speed data definesthe velocity for the
tool centre point, the tool reorientation and external axes.

System DataTypes and Routines 2-Movel -1



MoveL Instructions

[\V] (el ocity) Datatype: num
This argument is used to specify the velocity of the TCP in mm/sdirectly in the
instruction. It is then substituted for the corresponding velocity specified in the
Speed data.

[\T] (Time) Data type: num

Thisargument is used to specify thetotal time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

[\Z] (Zone) Data type: num

Thisargument is used to specify the position accuracy of the robot TCP directly
in the instruction. The length of the corner path is given in mm, which is
substituted for the corresponding zone specified in the zone data.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point moved
to the specified destination position.

[ \WODbj] (Work Object) Data type: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

This argument can be omitted, and if it is, the position is related to the world
coordinate system. If, on the other hand, a stationary tool or coordinated external
axes are used, this argument must be specified in order to perform alinear
movement relative to the work object.

[\Corr] (Correction) Data type: switch

Correction datawritten to acorrectionsentry by theinstruction CorrWritewill be
added to the path and destination position, if this argument is present.

Program execution
The robot and external units are moved to the destination position as follows:

- The TCP of thetool is moved linearly at constant programmed vel ocity.
- Thetool isreoriented at equal intervals along the path.

- Uncoordinated external axes are executed at a constant velocity in order for
them to arrive at the destination point at the same time as the robot axes.
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If it isnot possible to attain the programmed velocity for the reorientation or for the
external axes, the velocity of the TCP will be reduced.

A corner path isusually generated when movement istransferred to the next section of
apath. If astop point is specified in the zone data, program execution only continues
when the robot and external axes have reached the appropriate position.

Examples
Movel *, v2000 \V:=2200, z40\Z:=45, grip3;
The TCP of thetool, grip3, ismoved linearly to a position stored in the
instruction. The movement is carried out with data set to v2000 and z40; the
velocity and zone size of the TCP are 2200 mm/s and 45 mm respectively.
MoveL \Conc, *, v2000, z40, grip3;

The TCP of thetool, grip3, ismoved linearly to a position stored in the
instruction. Subsequent logical instructions are executed while the robot moves.

Movel start, v2000, z40, grip3 \WObj:=fixture;

The TCP of thetool, grip3, ismoved linearly to aposition, start. Thispositionis
specified in the object coordinate system for fixture.

Syntax

MovelL
['VConc’]
[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expression ) of speeddata >
['VV =" <expression (N) of num> ]
| ['V T :=" <expression [N) of num>1]"/’
[Zone ":=" ] < expressionI{N) of zonedata >
['VZ =" <expression (N) of num>1]"/
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WODbj ;=" < persistent PERS) of wobjdata > ]
[V Corr]y
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I nstructions

Related infor mation

2-MovelL-4

Other positioning instructions
Definition of velocity
Definition of zone data
Definition of tools

Definition of work objects
Writes to a corrections entry
Motion in general

Coordinate systems

Concurrent program execution

Described in:

RAPID Summary - Motion
Data Types - speeddata
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Instructions - CorrWrite
Motion and 1/0O Principles
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Instructions MovelSync

MovelSync M ovestherobot by joint movement
and executesa RAPID procedure

MoveJSync (Move Joint Synchronously) is used to move the robot quickly from one
point to another when that movement does not have to be in a straight line. The speci-
fied RAPID procedure is executed at the middle of the corner path in the destination
point.

The robot and external axes move to the destination position along a non-linear path.
All axes reach the destination position at the same time.

Examples
MoveJSync p1, vmax, z30, tool2, “procl”;

The tool centre point (TCP) of the totpl2, is moved along a non-linear path
to the positionpl, with speed datamax and zone datz80. Procedurgrocl is
executed in the middle of the corner patplat

Arguments

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

ToPoint Data typerobtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Data typespeeddata

The speed data that applies to movements. Speed data defines the velocity of the
tool centre point, the tool reorientation and external axes.

[\T] (Time) Data typenum

This argument is used to specify the total time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Data typezonedata

Zone data for the movement. Zone data describes the size of the generated corner
path.

Tool Data typetooldata

The tool in use when the robot moves. The tool centre point is the point moved
to the specified destination point.
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[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

ProcName (Procedure Name) Datatype: string

Name of the RAPID procedure to be executed at the middle of the corner path in
the destination point.

Program execution

See the instruction Moved for more information about joint movements.

The specified RAPID procedure is executed when the TCP reaches the middle of the
corner path in the destination point of the MoveJSync instruction, as shown in Figure 1:

MoveJSync p2, v1000, z30, tool2, “my_proc”;
e p3

When TCP is here,
my_proc is executed

Zone
p2
® -

pl

Figure 7 Execution of user-defined RAPID procedure in the middle of the corner path.

For stop points, we recommend the use of “normal” programming sequence with
Movel + other RAPID instructions in sequence.

Execution of the specified RAPID procedure in different execution modes:
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Execution mode: Execution of RAPID procedure:
Continuously or Cycle According to this description
Forward step In the stop point
Backward step Not at all

Limitation

Switching execution mode after program stop from continuously or cycle to stepwise
forward or backward resultsin an error. This error tells the user that the mode switch
can result in missed execution of aRAPID procedurein the queue for execution on the
path. Thiserror can be avoided if the program is stopped with Stoplnstr before the
mode switch.

Instruction MoveJSync cannot be used on TRAP level.
The specified RAPID procedure cannot be tested with stepwise execution.

Syntax

MovelSync

[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expression ) of speeddata >

[V T =" <expression (N) of num>1]"/
[ Zone ":=" ] < expressionl{N) of zonedata >

[V Z =" <expression (N) of num>1]"/
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WObj :=’ < persistent PERS) of wobjdata > ]’/
[ ProcName':=" ] < expressionl) of string >]";

Related infor mation

Described in:
Other positioning instructions RAPID Summaryletion
Definition of velocity Data Types speeddata
Definition of zone data Data Typegonedata
Definition of tools Data Typesteoldata
Definition of work objects Data Typeswvobjdata
Motion in general Motion and I/O Principles
Coordinate systems Motion and I/O Principles -

Coordinate Systems
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Instructions Movel Sync

Movel Sync Movestherobot linearly
and executesa RAPID procedure
MoveL. Sync (Move Linearly Synchronously) is used to move the tool centre point

(TCP) linearly to agiven destination.The specified RAPID procedureis executed at the
middle of the corner path in the destination point.

When the TCP isto remain stationary, thisinstruction can also be used to reorient the
tool.

Example
MovelLSync p1, v1000, z30, tool2, “procl”;

The TCP of the tootpol 2, is moved linearly to the positigrl, with speed data
v1000 and zone datz80. Procedurg@rocl is executed in the middle of the corner
path atpl.

Arguments

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

ToPoint Data typerobtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Data typespeeddata

The speed data that applies to movements. Speed data defines the velocity for the
tool centre point, the tool reorientation and external axes.

[\T] (Time) Data typenum

This argument is used to specify the total time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Zone Data typezonedata

Zone data for the movement. Zone data describes the size of the generated corner
path.

Tool Data typetooldata

The tool in use when the robot moves. The tool centre point is the point moved
to the specified destination position.
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[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

Thisargument can be omitted, and if it is, the position isrelated to the world coor-
dinate system. If, on the other hand, a stationary TCP or coordinated external
axes are used, this argument must be specified.

ProcName (Procedure Name) Datatype: string

Name of the RAPID procedure to be executed at the middle of the corner path in
the destination point.

Program execution

See the instruction MoveL for more information about linear movements.

The specified RAPID procedure is executed when the TCP reaches the middle of the
corner path in the destination point of the MoveL Sync instruction, asshownin Figure 1.

MovelLSync p2, v1000, z30, tool2, “my_proc”;
e p3

When TCP is here,
my_proc is executed

Zone
p2
® -

pl

Figure 8 Execution of user-defined RAPID procedure in the middle of the corner path.

For stop points, we recommend the use of “normal” programming sequence with
Movel + other RAPID instructions in sequence.

Execution of the specified RAPID procedure in different execution modes:
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Execution mode:

Continuoudly or Cycle

Movel Sync

Execution of RAPID procedure:
According to this description

Forward step In the stop point
Backward step Not at all
Limitation

Switching execution mode after program stop from continuously or cycle to stepwise
forward or backward resultsin an error. This error tells the user that the mode switch
can result in missed execution of aRAPID procedurein the queue for execution on the
path. Thiserror can be avoided if the program is stopped with Stoplnstr before the

mode switch.

Instruction Movel.Sync cannot be used on TRAP level.
The specified RAPID procedure cannot be tested with stepwise execution.

Syntax

MovelL Sync

[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expression ) of speeddata >

[V T =" <expression (N) of num>1]"/
[ Zone ":=" ] < expressionl{N) of zonedata >’
[ Tool :=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata> 1]’/
[ ProcName':=" ] < expressionl) of string >]

Related infor mation

Other positioning instructions

Definition of velocity
Definition of zone data
Definition of tools
Definition of work objects
Motion in general
Coordinate systems

System DataTypes and Routines

Described in:
RAPID Summarietion
Data Typesspeeddata
Data Typegcnedata
Data Typestooldata
Data Typesnobjdata
Motion and I/O Principles

Motion and I/O Principles -
Coordinate Systems
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Instructions Open

Open Opensafileor serial channel

Open is used to open afile or serial channel for reading or writing.

Example
VAR iodev logfile;
Open "flpL:LOGDIR/" \File:= "LOGFILEL.DOC" logfile;
Thefile LOGFILEL.DOC in unit flpl: (diskette), directory LOGDIR, is opened

for writing. Thereference namelogfileis used later in the program when writing
to thefile.

Arguments
Open Object [\File] 10Device [\Read] | [\WTrite] | [\Append] | [\Bin]
Object Datatype: string
The 1/0O object that isto be opened, e.g. "flpl:", "ramldisk:".
[\File] Datatype: string

Thenameof thefile. Thisname can al so be specified in the argument Object, e.g.
"flpl:LOGDIR/LOGFILE.DOC".

|ODevice Datatype: iodev

A reference to the file or serial channel to open. This reference isthen used for
reading from and writing to the file/channdl.

Thearguments\Read, \Write, \Append and \Bin are mutually exclusive. If none of these
are specified, the instruction acts in the same way as the \Write argument.

[\Read] Datatype: switch

Opens a character-based file or serial channel for reading. When reading from a
file, the reading is started from the beginning of the file.

[\Write] Data type: switch
Opens a character-based file or serial channel for writing. If the selected file

already exists, its contents are deleted. Anything subsequently written iswritten
at the start of thefile.
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[\Append] Data type: switch

Opens a character-based file or serial channel for writing. If the selected file
aready exists, anything subsequently written is written at the end of thefile.

[\Bin] Data type: switch

Opens abinary serial channel for reading and writing.
Works as append, i.e. file pointer at end of file.

Example
VAR iodev printer;
bpen "siol:", printer \Bin;
Write printer, "This is a message to the printer";
Close printer;

The serial channel siol: isopened for binary reading and writing. The reference
name printer is used later when writing to and closing the serial channel.

Program execution

The specified serial channel/fileis activated so that it can be read from or written to.
Several files can be open on the same unit at the same time.

Error handling

If afile cannot be opened, the system variable ERRNO isset to ERR_FILEOPEN. This
error can then be handled in the error handler.

Syntax

Open
[Object ":="] <expressionl(N) of string>
[VFile’:=" <expression (N) of string>"]"’,’
[IODevice ":="] <variable VAR) of iodev>
[VRead] | [\V'Write] | [VAppend] | [\VBin] ’;’

Related infor mation
Described in:

Writing to and reading from serial RAPID Summar@oemmunication
channels and files.
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System DataTypes and Routines 2-Open-3



Open Instructions

2-Open-4 System DataTypes and Routines



Instructions PathResol

PathResol Override path resolution

PathResol (Path Resolution) isused to override the configured geometric path sample
time defined in the system parameters for the manipulator.

Description

The path resol ution affectsthe accuracy of the interpolated path and the program cycle
time. The path accuracy isimproved and the cycle time is often reduced when the
parameter PathSampleTime is decreased. A value for parameter PathSampleTime
whichistoo low, may however cause CPU load problems in some demanding applica-
tions. However, use of the standard configured path resolution (PathSampleTime
100%) will avoid CPU load problems and provide sufficient path accuracy in most sit-
uations.

Example of PathResol usage:

Dynamically critical movements (max payload, high speed, combined joint motions
close to the border of the work area) may cause CPU load problems. Increase the
parameter PathSampleTime.

Low performance external axes may cause CPU load problems during coordination.
Increase the parameter PathSampleTime.

Arc-welding with high frequency weaving may require high resolution of the interpo-
lated path. Decrease the parameter PathSampleTime.

Small circles or combined small movements with direction changes can decrease the
path performance quality and increase the cycle time. Decrease the parameter Path-
SampleTime.

Gluing with large reorientations and small corner zones can cause speed variations.
Decrease the parameter PathSampleTime.

Example

Movel p1,v1000,fine,tool1;
PathResol 150;

With the robot at a stop point, the path sample time is increased to 150% of the
configured.

Arguments
PathResol PathSampleTime
PathSampleTime Data type: num

Override as a percent of the configured path sample time.
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100% corresponds to the configured path sample time.
Within the range 25-400%.

A lower value of the parameter PathSampleTime improves the path resolution
(path accuracy).

Program execution

The path resolutions of all subsequent positioning instructions are affected until a new
PathResol instruction is executed. Thiswill affect the path resolution during all pro-
gram execution of movements (default path level and path level after SorePath) and
also during jogging.

The default valuefor override of path sampletimeis 100%. Thisvalueisautomatically
set

- at acold start-up

- when anew program is loaded

- when starting program execution from the beginning.

The current override of path sample time can be read from the variable C MOTSET
(data type motsetdata) in the component pathresol.

Limitations

Therobot must be standing still at a stop point before overriding the path sample time.
When thereis acorner path in the program, the system will instead create a stop point
(warning 50146) and it is not possible to restart in thisinstruction following a power
failure.

Syntax

PathResol
[PathSampleTime ;=" ] < expressiohN) of num>";’

Related information

Described in:
Positioning instructions Motion and 1/O Principlégevements
Motion settings RAPID SummaryMotion Settings
Configuration of path resolution System Parameters -

CPU Optimization
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Instructions PDispOff

PDispOff Deactivatesprogram displacement

PDispOff (Program Displacement Off) is used to deactivate a program displacement.

Program displacement isactivated by theinstruction PDispSet or PDispOn and applies
to all movements until some other program displacement is activated or until program
displacement is deactivated.

Examples
PDispOff;
Deactivation of a program displacement.

MovelL p10, v500, 210, tool 1,
PDispOn \ExeP:=p10, p11, tool 1;
Movel p20, v500, z10, tool1;
MovelL p30, v500, z10, tool1;
PDispOff;

MovelL p40, v500, z10, tool 1,

A program displacement is defined as the difference between the positions p10
and p11. Thisdisplacement affects the movement to p20 and p30, but not to p40.

Program execution

Active program displacement isreset. This meansthat the program displacement coor-
dinate system is the same as the object coordinate system, and thus all programmed
positions will be related to the latter.

Syntax
PDispOff *;’

Related infor mation

Described in:
Definition of program displacement InstructionBDBispOnN
using two positions
Definition of program displacement using InstructioispSet

values
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Instructions PDispOn

PDispOn Activates program displacement

PDispOn (Program Displacement On) is used to define and activate a program
displacement using two robot positions.

Program displacement is used, for example, after a search has been carried out, or
when similar motion patterns are repeated at several different placesin the program.

Examples

Movel pl10, v500, z10, tool1;
PDispOn \ExeP:=p10, p20, tool1;

Activation of a program displacement (parallel movement). Thisis calculated
based on the difference between positions p10 and p20.

Movel pl10, v500, fine, tool1,
PDispOn *, tool 1,

Activation of a program displacement (parallel movement). Since a stop point

has been used in the previous instruction, the argument \ExeP does not have to

be used. The displacement is calculated on the basis of the difference between

the robot’s actual position and the programmed point (*) stored in the instruction.

PDispOn \Rot \ExeP:=p10, p20, tool1;

Activation of a program displacement including a rotation. This is calculated
based on the difference between positigtandp20.

Arguments
PDispOn [\Rot] [\ExeP] ProgPoint Tool [\WObj ]
[\Rot ] (Rotation) Data typeswitch

The difference in the tool orientation is taken into consideration and this involves
a rotation of the program.

[\ExeP ] (Executed Point) Data typerobtarget

The robot’s new position at the time of the program execution.
If this argument is omitted, the robot’s current position at the time of the program
execution is used.

ProgPoint (Programmed Point) Data typerobtarget

The robot’s original position at the time of programming.
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Tool Data type: tooldata
Thetool used during programming, i.e. the TCP to which the ProgPoint position
isrelated.

[ \WODbj] (Work Object) Data type: wobjdata

The work object (coordinate system) to which the ProgPoint position is related.

This argument can be omitted and, if it is, the position is related to the world
coordinate system. However, if astationary TCP or coordinated external axesare
used, this argument must be specified.

The arguments Tool and \WODbj are used both to calcul ate the ProgPoint during
programming and to calculate the current position during program execution if
no ExeP argument is programmed.

Program execution

Program displacement means that the ProgDisp coordinate system istrandated in
relation to the object coordinate system. Since all positions are related to the ProgDisp
coordinate system, all programmed positions will also be displaced. See Figure 9.

y

New
position, ExeP

Origina
position, ProgPoint
L]

Program Displacement Coordinate System
(ProgDisp)

Program di

Object Coordinate System

Figure 9 Displacement of a programmed position using program displacement.

Program displacement is activated when the instruction PDispOn is executed and
remains active until some other program displacement is activated (the instruction
PDispSet or PDispOn) or until program displacement is deactivated (the instruction
PDispOff).

Only one program displacement can be active at any one time. Several PDispOn
instructions, on the other hand, can be programmed one after the other and, in thiscase,
the different program displacements will be added.

Program displacement is calculated as the difference between ExeP and ProgPoint. If
ExeP has not been specified, the current position of the robot at the time of the program
execution is used instead. Since it is the actual position of the robot that is used, the
robot should not move when PDispOn is executed.

If theargument \Rot is used, the rotation is also cal culated based on the tool orientation
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PDispOn

at the two positions. The displacement will be calculated in such away that the new
position (ExeP) will have the same position and orientation in relation to the displaced
coordinate system, ProgDisp, as the old position (ProgPoint) had in relation to the

original coordinate system (see Figure 10).

New
y position, ExeP

Yy

New

Original orientation

position, ProgPoint
L]

7
Origina
orientation Program di

(ProgDisp)
Object Coordinate System
Figure 10 Trandlation and rotation of a programmed position.
The program displacement is automatically reset

- at acold start-up
- when anew program is loaded

- when starting program executing from the beginning.

Program Displacement Coordinate System

Example

PROC draw_square()
PDispOn *, tool1,
Movel *, v500, z10, tool1;
Movel *, v500, z10, tool1;
Movel *, v500, z10, tool1;
Movel *, v500, z10, tool1;
PDispOff;

ENDPROC

MovelL p10, v500, fine, tool 1;
draw_square;
MovelL p20, v500, fine, tool 1;
draw_sguare;
MoveL p30, v500, fine, tool1,
draw_sguare;

The routine draw_square is used to execute the same motion pattern at three
different positions, based on the positions p10, p20 and p30. See Figure 11.
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p3
p10 020

Figure 11 Using program displacement, motion patterns can be reused.

SearchL senl, psearch, p10, v100, tool1\WObj:=fixturel;
PDispOn \ExeP.=psearch, *, tool 1 \WObj:=fixturel,

A search is carried out in which the robot’s searched position is stored in the
positionpsearch. Any movement carried out after this starts from this position
using a program displacement (parallel movement). The latter is calculated based
on the difference between the searched position and the programmed point (*)
stored in the instruction. All positions are based offiarel object coordinate
system.

Syntax

PDispOn
[['VRot]
[V ExeP ":=" < expressionI(N) of robtarget >] ’,’]
[ ProgPoint :=" ] < expression ) of robtarget > '’
[ Tool :=" ] < persistent PERS) of tooldata>
[ YWODbj :=’ < persistent PERS) of wobjdata> | *;’

Related infor mation

Described in:
Deactivation of program displacement Instructiof+ spOff
Definition of program displacement using InstructiofispSet
values
Coordinate systems Motion PrincipleSaordinate Systems
Definition of tools Data Typestooldata
Definition of work objects Data Typeswobjdata
More examples InstructiondPDi spOff
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Instructions PDispSet

PDispSet Activates program displacement using a value

PDispSet (Program Displacement Set) is used to define and activate a program dis-
placement using values.

Program displacement is used, for example, when similar motion patterns are repeated
at severa different placesin the program.

Example
VAR pose xp100 := [ [100, 0, 0], [1,0,0,0] ];
PDispSet xp100;
Activation of the xp100 program displacement, meaning that:

- The ProgDisp coordinate system is displaced 100 mm from the object coordi-
nate system, in the direction of the positive x-axis (see Figure 12).

- Aslong as this program displacement is active, all positions will be displaced
100 mm in the direction of the x-axis.

Object % ProgDisp

100 X

Figure 12 A 100 mm-program displacement along the x-axis.

Arguments
PDispSet DispFrame

DispFrame (Displacement Frame) Datatyp: pose

The program displacement is defined as data of the type pose.

Program execution

Program displacement involves trand ating and/or rotating the ProgDisp coordinate
system relative to the object coordinate system. Since all positions are related to the
ProgDisp coordinate system, all programmed positionswill also be displaced. See Fig-
ure 13.
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y ’r:loe\s,'\ii on
[
v 2
g(;ls%gﬂ orientation X
|

Orig!nal
orientation Program di Program Displacement Coordinate System

(ProgDisp)

Object Coordinate System

Figure 13 Translation and rotation of a programmed position.

Program displacement is activated when the instruction PDispSet is executed and
remains active until some other program displacement is activated (the instruction
PDispSet or PDispOn) or until program displacement is deactivated (the instruction
PDispOff).

Only one program displacement can be active at any one time. Program displacements
cannot be added to one another using PDispSet.

The program displacement is automatically reset

- at acold start-up
- when anew program is loaded
- when starting program executing from the beginning.

Syntax

PDispSet
[ DispFrame ;=" ] < expression i) of pose>’;’

Related infor mation

Described in:
Deactivation of program displacement Instructiof®+ spOff
Definition of program displacement InstructionBDBispOnN
using two positions
Definition of data of the typpose Data Types pose
Coordinate systems Motion Principlé€3sordinate Systems
Examples of how program displacement InstructioPBispOn
can be used
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Instructions PulseDO

PulseDO Generatesa pulse on adigital output signal

PulseDO is used to generate a pulse on a digital output signal.

Examples
PulseDO do15;
A pulse with a pulse length of 0.2 sis generated on the output signal do15.
PulseDO \PLength:=1.0, ignition;

A pulse of length 1.0 sis generated on the signal ignition.

Arguments
PulseDO [\PLength] Signal
[ \PLength ] (Pulse Length) Datatype: num

The length of the pulsein seconds (0.1 - 32s).
If the argument is omitted, a 0.2 second pulse is generated.

Signal Datatype: signaldo

The name of the signal on which a pulse isto be generated.

Program execution

A pulseis generated with a specified pulse length (see Figure 14).

Pulse length
1
Signal level
0
T~ Execution of the instruction PulseDO
Execution of the instruction PulseDO
1 /
Signal level
0

Figure 14 Generation of a pulse on a digital output signal.
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The next instruction is executed directly after the pul se starts. The pul se can then be set/
reset without affecting the rest of the program execution.

Limitations

Thelength of the pulse has aresolution of 0.01 seconds. Programmed valuesthat differ
from this are rounded off.

Syntax

PulseDO
[V PLength ":=’" < expressionI(N) of num>","]
[ Signal ':=" ] < variable YAR) of signaldo >}’

Related information

Described in:
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 User’s GuideSystem Parameters
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RAISE Callsan error handler

RAISE isused to create an error in the program and then to call the error handler of the
routine. RAISE can aso be used in the error handler to propagate the current error to
the error handler of the calling routine.

Thisinstruction can, for example, be used to jump back to ahigher level inthe structure
of the program, e.g. to the error handler inthemain routine, if an error occursat alower
level.

Example

IF ..
IF..
RAISE escapel,

ERROR
IF ERRNO=escapel RAISE;

Theroutineisinterrupted to enable it to removeitself from alow level in the
program. A jump occurs to the error handler of the called routine.

Arguments

RAISE [ Error no.]
Error no. Datatype: errnum

Error number: Any number between 1 and 90 which the error handler can use to
locate the error that has occurred (the ERRNO system variable).

It is also possible to book an error number outside the range 1-90 with the
instruction BookErrNo.

The error number must be specified outside the error handler in aRAISE
instruction in order to be able to transfer execution to the error handler of that
routine.

If the instruction is present in a routine’s error handler, the error number may not
be specified. In this case, the error is propagated to the error handler of the calling
routine.

Program execution

Program execution continues in the routine’s error handler. After the error handler has
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been executed, program execution can continue with:

- the routine that called the routine in question (RETURN),
- the error handler of the routine that called the routine in question (RAISE).
If the RAISE instruction is present in a routine’s error handler, program execution

continues in the error handler of the routine that called the routine in question. The
same error number remains active.

If the RAISE instruction is present in a trap routine, the error is dealt with by the
system’s error handler.

Error handling

If the error number is out of range, the system variable ERRNO is set to
ERR_ILLRAISE (see "Data types - errnum™). This error can be handled in the error
handler.

Syntax

(EBNF)
RAISE [<error number>]’;

<error number> ::= <expression>

Related information

Described in:

Error handling Basic Characteristics -
Error Recovery

Booking error numbers Instruction®eokErrNo
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Instructions Reset

Reset Resetsa digital output signal

Reset is used to reset the value of adigital output signal to zero.

Examples
Reset do15;
The signal dol15isset to 0.
Reset weld;

The signal weld is set to 0.

Arguments
Reset Signal
Signal Datatype: signaldo

The name of the signal to be reset to zero.

Program execution

The true value depends on the configuration of the signal. If the signal isinverted in
the system parameters, this instruction causes the physical channel to be set to 1.

Syntax

Reset
[ Signal ':=" ] < variable VAR) of signaldo > '}’
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Related information
Described in:
Setting adigital output signal Instructions - Set
I nput/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and 1/0O Principles -

Configuration of 1/0

2-Reset-2

[/O Principles
System Parameters
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Instructions RestoPath

RestoPath Restoresthe path after an interrupt

RestoPath is used to restore a path that was stored at a previous stage using the instruc-
tion StorePath.

Example
RestoPath;

Restores the path that was stored earlier using StorePath.

Program execution

The current movement path of the robot and the external axesis deleted and the path
stored earlier using StorePath is restored. Nothing moves, however, until the instruc-
tion SartMove is executed or areturn is made using RETRY from an error handler.

Example
ArcL p100, v100, seaml, weld5, weavel, z10, gunl;

ERROR
IF ERRNO=AW_WELD_ERR THEN
gun_cleaning;
RETRY;
ENDIF

PROC gun_cleaning()
VAR robtarget p1;
StorePath;
pl := CRobT();
Movel pclean, v100, fine, gunl;

MoveL pl, v100, fine, gunl;
RestoPath;
ENDPROC

In the event of awelding error, program execution continuesin the error handler
of theroutine, which, inturn, callsgun_cleaning. The movement path being exe-
cuted at the time isthen stored and the robot movesto the position pclean where
the error isrectified. When this has been done, the robot returns to the position
where the error occurred, p1, and stores the original movement once again. The
weld then automatically restarts, meaning that the robot isfirst reversed along
the path before welding starts and ordinary program execution can continue.
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RestoPath Instructions

Limitations

Only the movement path datais stored with the instruction StorePath.

If the user wants to order movements on the new path level, the actual stop position
must be stored directly after SorePath and before RestoPath make a movement to the
stored stop position on the path.

The movement instruction which precedes this instruction should be terminated with a
stop point.

Syntax

RestoPath";’

Related information

Described in:
Storing paths InstructionsStorePath
More examples InstructionsXtorePath
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| nstructions RETRY

RETRY Restartsfollowingan error

RETRY is used to restart program execution after an error has occurred.

Example

reg2 := reg3/reg4;

ERROR
IF ERRNO = ERR_DIVZERO THEN
regd =1,
RETRY;
ENDIF

Anattempt ismadeto dividereg3 by reg4. If reg4 isequal to O (division by zero),
ajump is made to the error handler, which initialises reg4. The RETRY
instruction is then used to jJump from the error handler and another attempt is
made to compl ete the division.

Program execution

Program execution continues with (re-executes) the instruction that caused the error.

Error handling

If the maximum number of retries (4 retries) is exceeded, the program execution stops
with an error message and the system variable ERRNO isset to ERR_EXCRTYMAX
(see "Datartypes - errnum™).

Limitations

The instruction can only exist in a routine’s error handler. If the error was created using

aRAISE instruction, program execution cannot be restarted WRIBT&RY instruction,
then the instructio@MRYNEXT should be used.

Syntax

RETRY '}
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RETRY Instructions

Related infor mation

Described in:
Error handlers Basic Characteristics-
Error Recovery
Continue with the next instruction Instructions - TRYNEXT
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| nstructions RETURN

RETURN Finishes execution of a routine

RETURN is used to finish the execution of aroutine. If the routine is afunction, the
function value is also returned.

Examples

€rrormessage;
Set dol;

PROC errormessage()
TPWrite "ERROR";
RETURN;

ENDPROC

The errormessage procedure is called. When the procedure arrives at the
RETURN instruction, program execution returnsto the instruction following the
procedure call, Set dol.

FUNC num abs_value(num value)
IF value<O THEN
RETURN -vaue;
ELSE
RETURN value;
ENDIF
ENDFUNC

The function returns the absolute value of a number.

Arguments
RETURN [ Returnvalue]

Return value Datatype: According to the function decla-
ration

The return value of afunction.

The return value must be specified in a RETURN instruction present in afunc-
tion.

If theinstruction is present in a procedure or trap routine, areturn value may not
be specified.
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RETURN Instructions

Program execution

The result of the RETURN instruction may vary, depending on the type of routineit is
used in:

Main routine: If aprogram stop has been ordered at the end of the cycle, the
program stops. Otherwise, program execution continues with
the first instruction of the main routine.

Procedure: Program execution continueswith theinstruction following the
procedure call.

Function: Returns the value of the function.

Trap routine:  Program execution continues from where the interrupt
occurred.

Error handler: In aprocedure:
Program execution continues with the routine that called the
routine with the error handler (with the instruction following
the procedure call).

In afunction:
The function value is returned.

Syntax

(EBNF)
RETURN [ <expression> |}’

Related infor mation

Described in:
Functions and Procedures Basic Characteristmaitines
Trap routines Basic Characteristickterrupts
Error handlers Basic Characteristidsrror Recovery
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Instructions Rewind

Rewind Rewind file position

Rewind sets the file position to the beginning of thefile.

Example
Rewind iodev1;

Thefile referred to by iodevl will have the file position set to the beginning of
thefile.

Arguments
Rewind [ODevice
|ODevice Datatype: iodev

Name (reference) of the file to be rewound.

Program execution

The specified file is rewound to the beginning.
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Rewind Instructions

Example

I' 10 device and numeric variable for use together with abinary file
VAR iodev dev;
VAR num bindata;

I Open the binary file with \Write switch to erase old contents
Open "flpl:"\File := "bin_file",dev \Write;
Close dev;

I Open the binary file with \Bin switch for binary read and write access
Open "flpl:"\File := "bin_file",dev \Bin;
WriteStrBin dev,"Hello world";

I Rewind the file pointer to the beginning of the binary file
I Read contents of the file and write the binary result on TP
I (gives 72101 108 108 111 32 119 111 114 108 100)
Rewind dev;
bindata := ReadBin(dev);
WHILE bindata<> EOF _BIN DO

TPWrite" " \Num:=bindata;

bindata := ReadBin(dev);
ENDWHILE

I Close the binary file
Close dev;

Theinstruction Rewind isused to rewind abinary file to the beginning so that the
contents of the file can be read back with ReadBin.

Syntax

Rewind
[I0Device =] <variable(VAR) of iodev>";’

Related infor mation

Described in:
Opening (etc.) of files RAPID SummarnCemmunication
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| nstructions Save

Save Save a program module

Save is used to save a program module.

The specified program module in the program memory will be saved with the original
(specified in Load or StartLoad) or specified file path.

It isalso possible to save a system module at the specified file path.

Example
Load "ram1disk:PART_B.MOD";
Save "PART B":

L oad the program module with the file name PART_B.MOD from the ramldisk
into the program memory.

Save the program module PART_B with the original file path ramldisk with the
origina file name PART_B.MOD.

Arguments
Save [\Task] ModuleName [\FilePath] [\Fil€]
[\Task] Data type: taskid

The program task in which the program modul e should be saved.

If thisargument is omitted, the specified program module in the current (execut-
ing) program task will be saved.

For all program tasksin the system, predefined variables of the data type taskid

will be available. The variable identity will be "taskname"+"1d", e.g. for the
MAIN task the variable identity will be MAINId, TSK1 - TSK1Id etc.

M oduleName Data type: string

The program module to save.
[\FilePath] Data type: string

Thefile path and the file name to the place where the program module is to be
saved. The file name shall be excluded when the argument \File is used.
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Save

I nstructions

[\File] Data type: string

When the file name is excluded in the argument \FilePath, it must be specified
with this argument.

The argument \FilePath can only be omitted for program modul es|oaded with Load or
SartLoad-WaitLoad and the program module will be stored at the same destination as
specified inthese instructions. To store the program modul e at another destination, it is
also possible to use the argument \FilePath.

To be able to save a program module that previously was loaded from the teach pen-

dant, external computer, or system configuration, then the argument \FilePath must be
used.

Program execution

Program execution waits for the program module to finish saving before proceeding
with the next instruction.

Example

Save "PART_A" \FilePath:="ram1disk: DOORDIR/PART_A.MOD";

Save the program module PART _A to the ramldisk in the file PART_A.MOD
and in the directory DOORDIR.

Save "PART_A" \FilePath:="ram1disk:DOORDIR/" \File:="PART_A.MOD";
Same as above but another syntax.

Save \Task:=TSK1ld, "PART_A" \FilePath:="ram1disk:DOORDIR/PART_A.MOD";
Save program module PART _A in program task TSK1 to the specified destina-

tion. Thisis an example where the instruction Save is executing in one program
task and the saving is done in another program task.

Limitations

2-Save-4

TRAP routines, system |/O events and other program tasks cannot execute during the
saving operation. Therefore, any such operations will be delayed.

The save operation can interrupt update of PERS data done step by step from other pro-
gram tasks. Thiswill result in inconsistent whole PERS data.

A program stop during execution of the Saveinstruction can result in aguard stop with

motors off and the error message "20025 Stop order timeout” will be displayed on the
Teach Pendant.
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| nstructions Save

Avoid ongoing robot movements during the saving.

Error handling

If the program module cannot be saved because of no module name, unknown, or
ambiguous module name, the system variable ERRNO is set to ERR_MODULE.

If the save file cannot be opened because of permission denied, no such directory, or
no space left on device, then the system variable ERRNO is set to ERR_IOERROR.

If argument \FilePath is not specified for program modules|oaded from the Teach Pen-
dant, System Parameters, or an external computer, the system variable ERRNO is set
to ERR_PATH.

The errors above can be handled in the error handler.

Syntax
Save
[V Task =" <variable VAR) of taskid>",’ ]
[ ModuleName ":=" ] <expressior ) of string>

[ 'V FilePath ":=’<expressionI(N) of string> ]
['\" File ;=" <expression|I(N) of string>] ’;’

Related infor mation

Described in:
Program tasks Data Typesaskid
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Instructions SearchC

SearchC Searchescircularly using the robot

SearchC (Search Circular) isused to search for aposition when moving the tool centre
point (TCP) circularly.

During the movement, the robot supervises a digital input signal. When the value of
the signal changes to the requested one, the robot immediately reads the current
position.

Thisinstruction can typically be used when the tool held by the robot is a probe for
surface detection. Using the SearchC instruction, the outline coordinates of awork
object can be obtained.

Examples
SearchC senl, sp, cirpoint, p10, v100, probe;

The TCP of the probeis moved circularly towards the position p10 at a speed of
v100. When the value of the signal senl changesto active, the position is stored

in sp.
SearchC \Stop, senl, sp, cirpoint, p10, v100, probe;

The TCP of the probe is moved circularly towards the position p10. When the
value of the signal senl changesto active, the position is stored in sp and the
robot stops immediately.

Arguments

SearchC [\Stop ] |[\PSop ] |[\Sup] Signal [ \Flanks] SearchPoint
CirPoint ToPoint Speed [\V ] |[\T ] Tool [\WODbj ] [\Corr ]

[\Stop ] Datatype: switch

Therobot movement is stopped, as quickly as possible, without keeping the TCP
on the path (hard stop), when the value of the search signal changesto active.
However, the robot is moved a small distance before it stops and is not moved
back to the searched position, i.e. to the position where the signal changed.

[ \PSop ] (Path Sop) Datatype: switch

The robot movement is stopped as quickly as possible, while keeping the TCP
on the path (soft stop), when the value of the search signal changesto active.
However, the robot is moved a small distance before it stops and is not moved
back to the searched position, i.e. to the position where the signal changed.

System DataTypes and Routines 2-SearchC-1



SearchC Instructions

[\Sup] (Supervision) Datatype: switch

The search instruction is sensitive to signal activation during the complete
movement (flying search), i.e. even after the first signal change has been
reported. If more than one match occurs during a search, program execution
stops.

If the argument \Sop, \PSop or \Sup is omitted, the movement continues (flying
search) to the position specified in the ToPoint argument (same as with argument
\Sup),

Signal Datatype: signaldi
The name of the signal to supervise.

[\Flanks] Data type: switch
The positive and the negative edge of the signal isvalid for a search hit.

If the argument \Flanksisomitted, only the positive edge of thesignal isvalid for
asearch hit and asignal supervision will be activated at the beginning of asearch
process. Thismeansthat if the signal hasapositive value already at the beginning
of asearch process, the robot movement is stopped as quickly as possible, while
keeping the TCP on the path (soft stop). However, the robot is moved a small
distance before it stops and is not moved back to the start position. A user
recovery error (ERR_SIGSUPSEARCH) will be generated and can be dealt with
by the error handler.

Sear chPoint Datatype: robtarget

The position of the TCP and external axes when the search signal has been
triggered. The position isspecified in the outermost coordinate system, taking the
specified tool, work object and active ProgDisp/ExtOffs coordinate system into
consideration.

CirPoint Datatype: robtarget
The circle point of the robot. See the instruction MoveC for a more detailed
description of circular movement. The circle point is defined asanamed position
or stored directly in the instruction (marked with an * in the instruction).

ToPoint Data type: robtarget
The destination point of the robot and external axes. It is defined as a named
position or stored directly in theinstruction (marked with an* in theinstruction).
SearchC always uses a stop point as zone data for the destination.

Speed Data type: speeddata

The speed data that appliesto movements. Speed data defines the vel ocity of the
tool centre point, the external axes and of the tool reorientation.
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Instructions SearchC

[\V] (Velocity) Data type: num

Thisargument is used to specify the velocity of the TCP in mm/sdirectly in the
instruction. It is then substituted for the corresponding velocity specified in the
speed data.

[\T] (Time) Data type: num

Thisargument isused to specify thetotal timein seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point isthe point that is
moved to the specified destination position.

[ \WODbj] (Work Object) Data type: wobjdata

The work object (coordinate system) to which the robot positionsin the
instruction are related.

This argument can be omitted, and if it is, the position isrelated to the world
coordinate system. If, on the other hand, a stationary TCP or coordinated
external axes are used, this argument must be specified for alinear movement
relative to the work object to be performed.

[\Corr] (Correction) Datatype: switch

Correction data written to a corrections entry by the instruction CorrWrite will
be added to the path and destination position, when this argument is present.

Program execution
See the instruction MoveC for information about circular movement.

The movement is always ended with a stop point, i.e. the robot is stopped at the
destination point.

When aflying search isused, i.e. the \Sup argument is specified, the robot movement
aways continues to the programmed destination point. When a search is made using
the switch \Sop or \PSop, the robot movement stops when the first signal is detected.

The SearchC instruction returns the position of the TCP when the value of the digital
signal changes to the requested one, asillustrated in Figure 15.
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SearchC Instructions

Without switch \Flanks With switch \Flanks

1% 1+ m- — ———
0 p time 0 = time

A A A

= Instruction reaction when
the signal changes

Figure 15 Flank-triggered signal detection (the position is stored when the signal is changed the
first time only).

Example
SearchC \Sup, senl\Flanks, sp, cirpoint, p10, v100, probe;
The TCP of the probe is moved circularly towards the position p10. When the

value of the signal senl changesto active or passive, the positionis stored in sp.
If the value of the signal changes twice, program execution stops.

Limitations

Zonedatafor the positioning instruction that precedes SearchC must be used carefully.
The start of the search, i.e. when the 1/O signal isready to react, isnot, in this case, the
programmed destination point of the previous positioning instruction, but a point along
the real robot path. Figure 16 illustrates an example of something that may go wrong
when zone data other than fine is used.

The instruction SearchC should never be restarted after the circle point has been
passed. Otherwise the robot will not take the programmed path (positioning around the
circular path in another direction compared with that programmed).

Start point with
zone data z10 Search object

=

P ey 5

Start point Witr/

zone datafine

End point

Figure16 A match ismade on the wrong side of the object because the wrong zone data was used.
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Instructions SearchC

Typical stop distance using a search velocity of 50 mm/s:

- without TCP on path (switch \Sop) 1-3 mm
- with TCP on path (switch \PSop) 12-16 mm

Error handling
An error is reported during a search when:

- no signal detection occurred - this generates the error ERR_ WHLSEARCH.

- more than one signal detection occurred — this generates the error
ERR_WHLSEARCH only if th&Sup argument is used.

- the signal has already a positive value at the beginning of the search process -
this generates the error ERR_SIGSUPSEARCH only iffhenks argument
is omitted.

Errors can be handled in different ways depending on the selected running mode:

Continuousforward / ERR_WHLSEARCH

No position is returned and the movement always continues to the programmed
destination point. The system variable ERRNO is set to ERR_WHLSEARCH
and the error can be handled in the error handler of the routine.

Continuousforward / Instruction forward / ERR_SIGSUPSEARCH

No position is returned and the movement always stops as quickly as possible at
the beginning of the search path. The system variable ERRNO is set to
ERR_SIGSUPSEARCH and the error can be handled in the error handler of the
routine.

Instruction forward / ERR_WHLSEARCH
No position is returned and the movement always continues to the programmed
destination point. Program execution stops with an error message.

I nstruction backward

During backward execution, the instruction just carries out the movement
without any signal supervision.
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SearchC Instructions
Syntax
SearchC
[V Stop’," ]| [V PStop’, ][V Sup’,]
[ Signal ;=" ] < variable YAR) of signaldi >
[V Flanks]’,
[ SearchPoint ;=" ] < var or persNOUT) of robtarget > ')’
[ CirPoint :=" ] < expressionI(N) of robtarget > ',
[ ToPoint :=" ] < expressionl{N) of robtarget >,
[ Speed ;=" ] < expressiori ) of speeddata >
['VV = <expression (N) of num> ]
| [’V T = <expression [N) of num>1]"/
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata > ]
['VCorr]y
Related information
Described in:
Linear searches InstructionSearchL

Writes to a corrections entry
Circular movement

Definition of velocity
Definition of tools
Definition of work objects
Using error handlers
Motion in general

More searching examples

2-SearchC-6

Instruction€err\Wite

Motion and I/O Principles -
Positioning during Program Execution

Data Typesspeeddata
Data Typestooldata
Data Typeswobjdata
RAPID Summarizror Recovery
Motion and I/O Principles
InstructiorfSearchL
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Instructions SearchL

SearchL Searcheslinearly using the robot

SearchL (Search Linear) is used to search for a position when moving the tool centre
point (TCP) linearly.

During the movement, the robot supervises a digital input signal. When the value of
the signal changes to the requested one, the robot immediately reads the current
position.

Thisinstruction can typically be used when the tool held by the robot is a probe for
surface detection. Using the SearchL instruction, the outline coordinates of a work
object can be obtained.

Examples
SearchL senl, sp, p10, v100, probe;

The TCP of the probe is moved linearly towards the position p10 at a speed of
v100. When the value of the signal senl changesto active, the position is stored

in sp.
SearchL \Stop, senl, sp, p10, v100, probe;

The TCP of the probe is moved linearly towards the position p10. When the
value of the signal senl changesto active, the position is stored in sp and the
robot stops immediately.

Arguments

SearchL [\Sop]|[ \PSop

1 [\Sup] Signal [ \Flanks] SearchPoint
ToPoint Speed [\V ]

|[\T] Tool [\WObjJ[\Corr ]
[\Stop ] Datatype: switch

The robot movement is stopped as quickly as possible, without keeping the TCP
on the path (hard stop), when the value of the search signal changesto active.
However, the robot is moved a small distance before it stops and is not moved
back to the searched position, i.e. to the position where the signal changed.

[ \PSop ] (Path Sop) Datatype: switch

The robot movement is stopped as quickly as possible, while keeping the TCP
on the path (soft stop), when the value of the search signal changesto active.
However, the robot is moved a small distance before it stops and is not moved
back to the searched position, i.e. to the position where the signal changed.
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SearchL Instructions

[\Sup ] (Supervision) Datatype: switch

The search instruction is sensitive to signal activation during the complete
movement (flying search), i.e. even after the first signal change has been
reported. If more than one match occurs during a search, program execution
stops.

If the argument \Sop, \PSop or \Sup is omitted, the movement continues (flying
search) to the position specified in the ToPoint argument (same as with argument
\Sup).

Signal Datatype: signaldi
The name of the signal to supervise.

[\Flanks] Data type: switch
The positive and the negative edge of the signal isvalid for a search hit.
If the argument \Flanksis omitted, only the positive edge of thesignal isvalid for
asearch hit and asignal supervision will be activated at the beginning of asearch
process. Thismeansthat if the signal has the positive value aready at the
beginning of a search process, the robot movement is stopped as quickly as
possible, while keeping the TCP on the path (soft stop). A user recovery error
(ERR_SIGSUPSEARCH) will be generated and can be handled in the error
handler.

Sear chPoint Datatype: robtarget

The position of the TCP and external axes when the search signal has been
triggered. The position isspecified in the outermost coordinate system, taking the
specified tool, work object and active ProgDisp/ExtOffs coordinate system into
consideration.

ToPoint Datatype: robtarget
The destination point of the robot and external axes. It is defined as a named
position or stored directly in theinstruction (marked with an* in theinstruction).
SearchL always uses a stop point as zone data for the destination.

Speed Data type: speeddata

The speed data that appliesto movements. Speed data defines the vel ocity of the
tool centre point, the external axes and of the tool reorientation.

[\V] (\Velocity) Data type: num
This argument is used to specify the velocity of the TCP in mm/sdirectly in the
instruction. It is then substituted for the corresponding velocity specified in the
Speed data.

[\T] (Time) Data type: num

Thisargument is used to specify thetotal time in seconds during which the robot
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Instructions SearchL

moves. It is then substituted for the corresponding speed data.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point isthe point that is
moved to the specified destination position.

[ \WODbj] (Work Object) Datatype: wobjdata

The work object (coordinate system) to which the robot position in the
instruction is related.

This argument can be omitted, and if it is, the position is related to the world
coordinate system. If, on the other hand, a stationary TCP or coordinated
external axes are used, this argument must be specified for alinear movement
relative to the work object to be performed.

[\Corr] (Correction) Data type: switch

Correction data written to a corrections entry by the instruction CorrWrite will
be added to the path and destination position, if this argument is present.

Program execution
See the instruction MovelL for information about linear movement.

The movement always ends with a stop point, i.e. the robot stops at the destination
point.

If aflying search is used, i.e. the \Sup argument is specified, the robot movement
always continues to the programmed destination point. If a search is made using the
switch \Sop or \PSop, the robot movement stops when the first signal is detected.

The SearchL instruction stores the position of the TCP when the value of the digital
signal changesto the requested one, asillustrated in Figure 17.

Without switch \Flanks With switch \Flanks

1% 1 -—-
0 - time 04 p time

A A A

= Instruction reaction when
the signal changes

Figure17 Flank-triggered signal detection (the position is stored when the signal ischanged the
first time only).
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In order to get afast response, use theinterrupt-driven sensor signalssenl, sen2 or sen3
on the system board.

Examples
SearchL \Sup, sen1\Flanks, sp, p10, v100, probe;

The TCP of the probeismoved linearly towardsthe position p10. When thevalue
of the signal senl changesto active or passive, the position is stored in sp. If the
value of the signal changes twice, program execution stops after the search
processis finished.

SearchL \Stop, senl, sp, p10, v100, tooll;
MovelL sp, v100, fine, tool1;

PDispOn *, tool1;

Movel p100, v100, z10, tool1;

Movel p110, v100, z10, tool1;

Movel p120, v100, z10, tool1,;

PDispOff;

At the beginning of the search process, a check on the signal senl will be done
and if the signal already has a positive value, the program execution stops.
Otherwisethe TCP of tool1 ismoved linearly towardsthe position p10. When the
value of the signal senl changesto active, the position is stored in sp and the
robot is moved back to this point. Using program displacement, the robot then
moves relative to the searched position, sp.

Limitations

Zone datafor the positioning instruction that precedes SearchL. must be used carefully.
The start of the search, i.e. when the 1/O signal isready to react, isnot, in this case, the
programmed destination point of the previous positioning instruction, but a point along
the real robot path. Figure 18 to Figure 20 illustrate examples of things that may go
wrong when zone data other than fine is used.

. <o— Start point with
zone datafine

Start point with
zone data z10 Search object
¢ End point

Figure 18 A match ismade on the wrong side of the object because the wrong zone data was used.
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Instructions SearchL

. <o— Start point with
/ N zone datafine
Start point with
zone data z10 Search object
¢ End point

Figure 19 No match detected because the wrong zone data was used.

. <>— Start point with
zone datafine

Start point with Search object
zone data z10

¢ End point

Figure 20 No match detected because the wrong zone data was used.
Typica stop distance using a search velocity of 50 mm/s:

- without TCP on path (switch \&op) 1-3 mm
- with TCP on path (switch \PSop) 12-16 mm

Error handling
An error is reported during a search when:

- no signal detection occurred - this generates the error ERR_ WHLSEARCH.

- more than one signal detection occurred — this generates the error
ERR_WHLSEARCH only if th&Sup argument is used.

- the signal already has a positive value at the beginning of the search process -
this generates the error ERR_SIGSUPSEARCH only itfhenks argument
is omitted.

Errors can be handled in different ways depending on the selected running mode:

Continuousforward / ERR_WHLSEARCH

No position is returned and the movement always continues to the programmed
destination point. The system variable ERRNO is set to ERR_WHLSEARCH
and the error can be handled in the error handler of the routine.

Continuousforward / Instruction forward / ERR_SIGSUPSEARCH

No position is returned and the movement always stops as quickly as possible at
the beginning of the search path.The system variable ERRNO is set to
ERR_SIGSUPSEARCH and the error can be handled in the error handler of the
routine.
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SearchL Instructions

Instruction forward / ERR_WHLSEARCH
No position is returned and the movement continues to the programmed
destination point. Program execution stops with an error message.

I nstruction backward
During backward execution, the instruction just carries out the movement
without any signal supervision.

Example
VAR num fk;

MoveL pl10, v100, fine, tool1;
SearchL \Stop, senl, sp, p20, v100, tool1;

ERROR
IF ERRNO=ERR_WHLSEARCH THEN
Movel pl0, v100, fine, tooll,
RETRY;
ELSEIF ERRNO=ERR_SIGSUPSEARCH THEN
TPWrite “The signal of the SearchL instruction is already high!”;
TPReadFK fk,"Try again after manual reset of signal ?”,”YES”,”,”,””,”"NQO”";
IF fk =1 THEN
MovelL p10, v100, fine, tooll;
RETRY;
ELSE
Stop;
ENDIF
ENDIF

If the signal is already active at the beginning of the search process, a user dialog
will be activated (TPReadFK ...;). Reset the signal and push YES on the user
dialog and the robot moves back to p10 and tries once more. Otherwise program
execution will stop.

If the signal is passive at the beginning of the search process, the robot searches

from positionpl10 to p20. If no signal detection occurs, the robot moves back to
p10 and tries once more.
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| nstructions

SearchL

Syntax

SearchL
[ l\’ Stop 1,! ] | [ ’\1 PStop 1,!] | [ l\l Sup l,! ]
[ Signal ":=’ ] < variable VAR) of signaldi >
[V Flanks] ',

[ SearchPoint .=’ ] < var or persNOUT) of robtarget >’

[ ToPoint :=" ] < expressionl{N) of robtarget > ',
[ Speed ;=" ] < expressior {l) of speeddata >
['VV =" <expression (N) of num> ]

| ['V T :=" <expression [N) of num>1]"/’

Tool .=’ ] < persistent PERS) of tooldata >
'\ WODbj ":=" < persistent PERS) of wobjdata > ]
\"Corr ]’y

Related infor mation

Described in:
Circular searches InstructionSearchC
Writes to a corrections entry Instruction€errWrite
Linear movement Motion and I/O Principles -
Positioning during Program
Execution
Definition of velocity Data Typesspeeddata
Definition of tools Data Typestooldata
Definition of work objects Data Typesnobjdata
Using error handlers RAPID Summar{ror Recovery
Motion in general Motion and I/O Principles

System DataTypes and Routines

2-SearchL-7



SearchL Instructions
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Instructions Set

Set Setsa digital output signal

Set isused to set the value of adigital output signal to one.

Examples
Set do15;
The signal dol5issetto 1.
Set weldon;

The signal weldonisset to 1.

Arguments
Set Signal
Signal Datatype: signaldo

The name of the signal to be set to one.

Program execution

The true value depends on the configuration of the signal. If the signal isinverted in
the system parameters, this instruction causes the physical channel to be set to zero.

Syntax

Set
[ Signal :=" ] < variable (VAR) of signaldo > "}’
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Set Instructions
Related infor mation
Described in:
Setting adigital output signal to zero Instructions - Reset
I nput/Output instructions RAPID Summary -
Input and Output Sgnals

2-Set-2

Input/Output functionality in general

Configuration of 1/0

Motion and 1/0O Principles -
[/O Principles

System Parameters
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| nstructions SetAO

SetAO Changesthe value of an analog output signal

SetAO is used to change the value of an analog output signal.

Example
SetAO a02, 5.5;
The signal ao2 isset to 5.5.

Arguments
SetAO Signal Value
Signal Datatype: signalao
The name of the analog output signal to be changed.
Value Data type: num

The desired value of the signal.

Program execution

The programmed value is scaled (in accordance with the system parameters) before it
is sent on the physical channel. See Figure 21.

Physical value of the

output signal (V, mA, etc.)
A

MAX sigNnAl

| MAX prograM

» Logical valueinthe
program

MIN proGRrAM

MIN gGNAL

Figure 21 Diagram of how analog signal values are scaled.
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SetAO Instructions

Example
SetA O weldcurr, curr_outp;

The signal weldcurr is set to the same value as the current value of the variable
curr_outp.

Syntax

SetAO
[ Signal ":=" ] < variable YAR) of signalao > '’
[ Value =" ] < expressionI(N) of num>";

Related information

Described in:
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 System Parameters
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| nstructions SetDO

SetDO Changesthevalue of a digital output signal

SetDO is used to change the value of adigital output signal, with or without atime-
delay.

Examples
SetDO do1l5, 1;
The signal dol5issetto 1.
SetDO weld, off;
The signal weld is set to off.
SetDO \SDelay := 0.2, weld, high;

Thesignal weld is set to high with adelay of 0.2 s. Program execution, however,
continues with the next instruction.

Arguments
SetDO [ \SDelay ] Signal Value
[ \SDelay ] (Sgnal Delay) Data type: num
Delays the change for the amount of time given in seconds (0.1 - 32s).
Program execution continues directly with the next instruction. After the given

time-delay, the signal ischanged without the rest of the program execution being
affected.

If the argument is omitted, the value of the signal is changed directly.
Signal Datatype: signaldo
The name of the signal to be changed.

Value Data type: dionum

The desired value of the signal.
Thevalueis specified as0 or 1.
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Program execution

Thetrue value depends on the configuration of the signal. If thesignal isinverted inthe
system parameters, the value of the physical channel is the opposite.

Syntax

SetDO
[V SDelay .=’ < expressionI(N) of num>" ]
[ Signal ":=" ] < variable YAR) of signaldo >’
[ Value =" ] < expressionI(N) of dionum > ;'

Related information

Described in:
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 User’s GuideSystem Parameters
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| nstructions SetGO

SetGO Changesthevalue of a group
of digital output signals

SetGO is used to change the value of agroup of digital output signals, with or without
atime delay.

Example
SetGO go2, 12;

The signal go2 is set to 12. If go2 comprises 4 signals, e.g. outputs 6-9, outputs
6 and 7 are set to zero, while outputs 8 and 9 are set to one.

SetGO \SDelay := 0.4, go2, 10;

The signal go2 is set to 10. If go2 comprises 4 signals, e.g. outputs 6-9, outputs
6 and 8 are set to zero, while outputs 7 and 9 are set to one, with adelay of 0.4 s.
Program execution, however, continues with the next instruction.

Arguments

SetGO [\SDelay] Signal Value

[ \SDelay ] (Sgnal Delay) Datatype: num
Delays the change for the period of time stated in seconds (0.1 - 32s).
Program execution continues directly with the next instruction. After the
specified time delay, the value of the signals is changed without the rest of the
program execution being affected.
If the argument is omitted, the value is changed directly.

Signal Datatype: signalgo
The name of the signal group to be changed.

Value Data type: num
The desired value of the signal group (a positive integer).

The permitted value is dependent on the number of signalsin the group:
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SetGO Instructions

No. of signals  Permitted value No. of signals  Permitted value

1 0-1 9 0-511

2 0-3 10 0-1023
3 0-7 11 0-2047
4 0-15 12 0 - 4095
5 0-31 13 0-8191
6 0-63 14 0-16383
7 0-127 15 0- 32767
8 0-255 16 0- 65535

Program execution

The programmed value is converted to an unsigned binary number. Thisbinary number
is sent on the signal group, with the result that individual signalsin the group are set to
O or 1. Dueto internal delays, the value of the signal may be undefined for a short
period of time.

Syntax

SetDO
[V SDelay :=" < expressionI(N) of num> "]
[ Signal ;=" ] < variable YAR) of signalgo >/’
[ Value :=" ] < expressionI(N) of num>";

Related information

Described in:
Other input/output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0O (system parameters) System Parameters
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Instructions SingArea

SingArea  Definesinterpolation around singular points

SngAreaisused to define how the robot isto move in the proximity of singular points.

SngAreais also used to define linear and circular interpolation for robots with less
than six axes.

Examples
SingArea\Wrigt;

The orientation of the tool may be changed slightly in order to pass a singular
point (axes 4 and 6 in line).

Robots with less than six axes may not be able to reach an interpolated tool ori-
entation. By using SingArea \Wrist, the robot can achieve the movement but the
orientation of the tool will be slightly changed.

SingArea \Off;

Thetool orientation is not allowed to differ from the programmed orientation. If
asingular point is passed, one or more axes may perform a sweeping movement,
resulting in areduction in velocity.

Robots with less than six axes may not be able to reach a programmed tool ori-
entation. As aresult the robot will stop.

Arguments
SingArea [ \Wrist] | [ \Off]
[ \Wrist ] Data type: switch
The tool orientation is allowed to differ somewhat in order to avoid wrist singu-
larity. Used when axes 4 and 6 are parallel (axis5 at 0 degrees). Also used for
linear and circular interpolation of robots with less than six axes where the tool
orientation is allowed to differ.

[\Off ] Data type: switch

Thetool orientation is not allowed to differ. Used when no singular points are
passed, or when the orientation is not permitted to be changed.

If none of the arguments are specified, program execution automatically uses the
robot’s default argument. For robots with six axes the default argum@ft.is
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SingArea Instructions

Program execution

If the arguments \Wrist is specified, the orientation isjoint-interpolated to avoid singu-
lar points. In this way, the TCP follows the correct path, but the orientation of the tool
deviates somewhat. Thiswill also happen when a singular point is not passed.

The specified interpolation appliesto al subsequent movements until anew SngArea
instruction is executed.

The movement is only affected on execution of linear or circular interpolation.

By default, program execution automatically uses the /Off argument for robotswith six
axes. Robots with less than six axes may use either the /Off argument (IRB640) or the
/Wrist argument by default. Thisis automatically set in event routine SYS RESET.

- at acold start-up

- when anew program is loaded

- when starting program executing from the beginning.

Syntax

SingArea
[V Wrist] |['V Off ]

Related infor mation

Described in:
Singularity Motion PrinciplesSngularity
Interpolation Motion PrinciplesPositioning during

Program Execution
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| nstructions SoftAct

SoftAct Activating the soft servo

SoftAct (Soft Servo Activate) is used to activate the so called “soft” servo on any axis
of the robot or external mechanical unit.

Example
SoftAct 3, 20;
Activation of soft servo on robot ax8 with softness valug0%.
SoftAct 1, 90\Ramp:=150;
Activation of the soft servo on robot adiswith softness valu80% and ramp
factor150%.
SoftAct \MechUnit:=orbit1, 1, 40 \Ramp:=120;
Activation of soft servo on axisfor the mechanical undrbitl, with softness
value40% and ramp factat20%.
Arguments

SoftAct [\MechUnit] Axis Softness [\Ramp ]
[\M echUnit] (Mechanical Unit) Data typemecunit

The name of the mechanical unit. If this argument is omitted, it means activation
of the soft servo for specified robot axis.

AXis Data typenum
Number of the robot or external axis to work with soft servo.
Softness Data typenum

Softness value in percent (0 - 100%). 0% denotes min. softness (max. stiffness),
and 100% denotes max. softness.

Ramp Data typenum
Ramp factor in percent (>= 100%). The ramp factor is used to control the engage-
ment of the soft servo. A factor 100% denotes the normal value; with greater val-

ues the soft servo is engaged more slowly (longer ramp). The default value for
ramp factor is 100 %.
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SoftAct Instructions

Program execution

Softnessis activated at the value specified for the current axis. The softnessvalueis
valid for all movements, until anew softness value is programmed for the current axis,
or until the soft servo is deactivated by an instruction.

Limitations

The same axis must not be activated twice, unless there isamoving instruction in
between. Thus, the following program sequence should be avoided, otherwise there
will be ajerk in the robot movement:

SoftAct n , X;
SoftAct n , y;
(n=robot axis n, x and y softness values)

Syntax

SoftAct
[VMechUnit .=’ < variable (VAR) of mecunit>",’]
[Axis :=" ] < expression [N) of num> ')
[Softness ":=" ] < expression ) of num>
[ VRamp .=’ < expressionI(N) of num>];’

Related information

Described in:

Behaviour with the soft servo engaged Motion and I/O Principlestioning
during program execution
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Instructions SoftDeact

SoftDeact Deactivating the soft servo

SoftDeact (Soft Servo Deactivate) is used to deactivate the so called “soft” servo on all
robot and external axes.

Example
SoftDeact;
Deactivating the soft servo on all axes.
SoftDeactRamp:=150;

Deactivating the soft servo on all axes, with ramp factor 150%.

Arguments
SoftDeact [\Ramp ]
Ramp Data typenum

Ramp factor in percent (>= 100%). The ramp factor is used to control the deac-
tivating of the soft servo. A factor 100% denotes the normal value; with greater
values the soft servo is deactivated more slowly (longer ramp). The default value
for ramp factor is 100 %.

Program execution

The soft servo is deactivated for all robot and external axes.

Syntax

SoftDeact
[ VRamp .=’ < expressionI(N) of num>1]’;

Related infor mation

Described in:
Activating the soft servo InstructionsSeftAct
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Instructions StartLoad

SartLoad Load aprogram moduleduring execution

SartLoad is used to start the loading of a program module into the program memory
during execution.

When loading isin progress, other instructions can be executed in parallel.
The loaded module must be connected to the program task with the instruction Wait-
Load, before any of its symbols/routines can be used.

The loaded program module will be added to the modules already existing in the pro-
gram memory.

Example
VAR loadsession loadl;

I Start loading of new program module PART _B containing routine routine_b
StartLoad ram1disk \File:="PART_B.MOD", loadl;

I Executing in parallel in old module PART _A containing routine_a
%'"routine_a"%;

I' Unload of old program module PART_A
UnLoad ramldisk \Filee="PART_A.MOD";

I' Wait until loading and linking of new program module PART_B is ready
WaitL oad loadl;

I Execution in new program module PART_B
%"routine_b"%;

Start loading of program module PART_B.MOD from ramldisk into the program
memory with instruction SartLoad. In parallel with the loading, the program
executes routine_ain module PART_A.MOD. Then instruction WaitLoad waits
until the loading and linking is finished.

Variable loadl holds the identity of the load session, updated by SartlL.oad and
referenced by WaitLoad.

To save linking time, the instruction UnLoad and WaitLoad can be combined in
the instruction WaitLoad by using the option argument \UnLoadPath.
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StartLoad Instructions

Arguments
SartLoad FilePath [\File] LoadNo

FilePath Data type: string

The file path and the file name to the file that will be loaded into the program
memory. The file name shall be excluded when the argument \File is used.

[\File] Data type: string

When thefile nameisexcluded in the argument FilePath, then it must be defined
with this argument.

L oadNo Data type: loadsession

Thisisareference to the load session that should be used in the instruction Wait-
Load to connect the loaded program module to the program task.

Program execution

Execution of SartLoad will only order the loading and then proceed directly with the
next instruction, without waiting for the loading to be completed.

The instruction WaitLoad will then wait at first for the loading to be completed, if itis
not already finished, and then it will be linked and initialised. The initialisation of the
loaded module sets all variables at module level to their init values.

Unsolved references will be accepted if the system parameter for Tasks/BindRef is set
to NO. However, when the program is started or the teach pendant function Program
Window/File/Check Programis used, no check for unsolved references will be done if
BindRef = NO. There will be arun time error on execution of an unsolved reference.

Another way to use references to instructions that are not in the task from the begin-
ning, isto use Late Binding. Thismakesit possible to specify theroutineto call with a
string expression, quoted between two %%. In this case the BindRef parameter could
be set to YES (default behaviour). The Late Binding way is preferable.

To obtain agood program structure, that is easy to understand and maintain, all loading

and unloading of program modules should be done from the main module, which is
always present in the program memory during execution.
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Instructions StartLoad

Examples
StartL oad "ram1disk: DOORDIR/DOOR1.MOD", load];

L oad the program module DOOR1.MOD from the ramldisk at the directory
DOORDIR into the program memory.

StartLoad "ram1disk:DOORDIR/" \File:="DOOR1.MOD", load1;

Same as above but with another syntax.

StartLoad "raml1disk:DOORDIR/" \File:="DOOR1.MOD", load1;
WaitL oad load1:
isthe same as

Load "ram1disk:DOORDIR/" \File:="DOOR1.MOD",;

Limitations
It isnot allowed to load a system module or a program module that contains amain
routine.

Syntax
StartL oad

[FilePath ":="] <expressionl{N) of string>
['\’File :=" <expressionI(N) of string>] ",
[LoadNo ’:="] <variable ¥AR) of loadsession> "}’
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StartLoad

I nstructions

Related infor mation

Connect the loaded module to the task
Load session

Load a program module

Unload a program module

Accept unsolved references

2-StartLoad-6

Described in:
Instructions - WaitLoad
Data Types - loadsession
Instructions - Load
Instructions - UnLoad

System Parameters - Controller/Task/
BindRef
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Instructions StartMove

StartMove Restartsrobot motion

SartMove is used to resume robot and external axes motion when this has been
stopped by the instruction StopMove.

Example
StopMove;
WaitDI ready_input, 1,
StartMove;

The robot starts to move again when the input ready _input is set.

Program execution

Any processes associated with the stopped movement are restarted at the sametime as
motion resumes.

Error handling

If the robot istoo far from the path (more than 10 mm or 20 degrees) to perform a start
of the interrupted movement, the system variable ERRNO is set to ERR_PATHDIST.
This error can then be handled in the error handler.

Syntax

StartMove’;’

Related infor mation

Described in:
Stopping movements Instruction§tepMove
More examples InstructionsorePath
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Instructions Stop

Sop Sops program execution

Sop is used to temporarily stop program execution.

Program execution can also be stopped using the instruction EXIT. This, however,
should only be done if atask iscomplete, or if afatal error occurs, since program
execution cannot be restarted with EXIT.

Example

TPWrite "The line to the host computer is broken™;
Stop;

Program execution stops after a message has been written on the teach pendant.

Arguments
Sop [\NoRegain ]
[ \NoRegain ] Data type: switch

Specifiesfor the next program start in manual mode, whether or not the robot and
external axes should regain to the stop position. In automatic mode the robot and
external axes always regain to the stop position.

If the argument NoRegain is set, the robot and external axeswill not regain to the
stop position (if they have been jogged away from it).

If the argument is omitted and if the robot or external axes have been jogged
away from the stop position, the robot displays a question on the teach pendant.
The user can then answer, whether or not the robot should regain to the stop
position.

Program execution
The instruction stops program execution as soon as the robot and external axes reach
the programmed destination point for the movement it is performing at the time.
Program execution can then be restarted from the next instruction.

If there is a Sop instruction in some event routine, the routine will be executed from
the beginning in the next event.
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Stop Instructions

Example

Movel pl, v500, fine, tool1,;

TPWrite “Jog the robot to the position for pallet corner 17;
Stop \NoRegain;

pl_read := CRobT();

Movel p2, v500, z50, tooll;

Program execution stops with the robophtThe operator jogs the robot to
pl_read. For the next program start, the robot does not regah, o the
positionpl_read can be stored in the program.

Limitations

The movement instruction which precedes this instruction should be terminated with a
stop point, in order to be able to restart in this instruction following a power failure.

Syntax

Stop
[’V NoRegain ]’

Related information

Described in:
Stopping after a fatal error InstructionEXIT
Terminating program execution InstructiorBXIT
Only stopping robot movements Instructiorf@3epMove
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Instructions StopMove

SopMove Sopsrobot motion

SopMove is used to stop robot and external axes movements temporarily. If the
instruction SartMove is given, movement resumes.

Thisinstruction can, for example, be used in atrap routineto stop therobot temporarily
when an interrupt occurs.

Example
StopMove;
WaitDI ready_input, 1;
StartMove;

The robot movement is stopped until the input, ready _input, is set.

Program execution

The movements of the robot and external axes stop without the brakes being engaged.
Any processes associated with the movement in progress are stopped at the sametime
as the movement is stopped.

Program execution continues without waiting for the robot and external axesto stop
(standing till).

Examples
VAR intnum intnol;

EONNECT intnol WITH go_to_home pos;
ISignalDI dil,1,intnol,;

TRAP go_to_home _pos
VAR robtarget p10;

StopMove;
StorePath;
p10:=CRobT();
MoveL home,v500,finetool 1;
WaitDlI dil,0;
Move L p10,v500,fine,tool1;
RestoPath;
StartMove;
ENDTRAP

Whentheinput dilissetto 1, aninterrupt isactivated which in turn activatesthe
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StopMove Instructions

interrupt routine go_to_home_pos. The current movement is stopped
immediately and the robot moves instead to the home position. When dil is set
to O, the robot returns to the position at which the interrupt occurred and
continues to move aong the programmed path.

VAR intnum intnol;

EONNECT intnol WITH go_to_home_pos;
ISignalDI dil,1,intnol;

TRAP go_to_home _pos|()
VAR robtarget p10;

StorePath;
p10:=CRobT();
MoveL home,v500,finetool 1;
WaitDI di1,0;
Move L p10,v500,finetooll,;
RestoPath;
StartMove;
ENDTRAP

Similar to the previous example, but the robot does not moveto the home position
until the current movement instruction is finished.

Syntax

StopMove’;

Related information

Described in:
Continuing a movement Instruction§artMove
Interrupts RAPID Summarylnterrupts

Basic Characteristicsnterrupts
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Instructions StorePath

StorePath Storesthe path when an interrupt occurs

SorePathisused to store the movement path being executed when an error or interrupt
occurs. Theerror handler or trap routine can then start anew movement and, following
this, restart the movement that was stored earlier.

Thisinstruction can be used to go to aservice position or to clean the gun, for example,
when an error occurs.

Example
StorePath;

The current movement path is stored for later use.

Program execution

The current movement path of the robot and external axesis saved. After this, another
movement can be started in atrap routine or an error handler. When the reason for the
error or interrupt has been rectified, the saved movement path can be restarted.

Example

TRAP machine_ready
VAR robtarget p1;
StorePath;
pl := CRobT();
Movel p100, v100, fine, tool 1,

Movel p1, v100, fine, tooll,
RestoPath;
StartMove;

ENDTRAP

When an interrupt occurs that activates the trap routine machine_ready, the
movement path which the robot is executing at the time is stopped at the end of
the instruction (ToPoint) and stored. After this, the robot remedies the interrupt
by, for example, replacing a part in the machine and the normal movement is
restarted.
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StorePath Instructions

Limitations

Only the movement path datais stored with the instruction StorePath.

If the user wants to order movements on the new path level, the actual stop position
must be stored directly after SorePath and before RestoPath make a movement to the
stored stop position on the path.

Only one movement path can be stored at atime.

Syntax

StorePath";’

Related information

Described in:
Restoring a path InstructiongRestoPath
More examples InstructionsRestoPath

8-StorePath-2 RAPID Reference Manud



| nstructions TEST

TEST Depending on the value of an expression ...

TEST is used when different instructions are to be executed depending on the value of
an expression or data.

If there are not too many alternatives, the IF..ELSE instruction can also be used.

Example

TEST regl
CASE 1,2,3:
routinel;
CASE 4:
routine2;
DEFAULT :
TPWrite "lllegal choice";
Stop;
ENDTEST

Different instructions are executed depending on the value of regl. If the value
is1-3routinel is executed. If the valueis 4, routine2 is executed. Otherwise, an
error message is printed and execution stops.

Arguments

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

Test data Datatype: All
The data or expression with which the test value will be compared.
Test value Datatype: Same as test data

The vaue which the test data must have for the associated instructionsto be exe-
cuted.

Program execution

The test data is compared with the test valuesin the first CASE condition. If the com-
parison istrue, the associated instructions are executed. After that, program execution
continues with the instruction following ENDTEST.

If the first CASE condition is not satisfied, other CASE conditions are tested, and so

on. If none of the conditions are satisfied, the instructions associated with DEFAULT
are executed (if thisis present).
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TEST

I nstructions

Syntax

(EBNF)

TEST <expression>

{( CASE <test value> {’,” <test value>}""’
<instruction list> ) kKCSE> }

[ DEFAULT "’ <instruction list> ]

ENDTEST

<test value> ::= <expression>

Related information

2-TEST-2

Expressions

Described in:

Basic CharacteristidSxpressions
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Instructions TPErase

TPErase  Erasestext printed on the teach pendant

TPErase (Teach Pendant Erase) is used to clear the display of the teach pendant.

Example

TPErase;
TPWrite "Execution started";

The teach pendant display is cleared before Execution started is written.

Program execution

The teach pendant display is completely cleared of al text. The next time text is writ-
ten, it will be entered on the uppermost line of the display.

Syntax

TPErase;

Related infor mation

Described in:
Writing on the teach pendant RAPID Summary - Communication
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| nstructions TPReadFK

TPReadFK Reads function keys

TPReadFK (Teach Pendant Read Function Key) is used to write text above the
functions keys and to find out which key is depressed.

Example
TPReadFK regl, “More ?”, stEmpty, sStEmpty, stEmpty, “Yes”, “No”;

The textMore ? is written on the teach pendant display and the function keys 4
and 5 are activated by means of the text strifeggandNo respectively (see
Figure 22). Program execution waits until one of the function keys 4 or 5 is
pressed. In other wordsegl will be assigned 4 or 5 depending on which of the
keys is depressed.

Mor e?

Yes No

Figure 22 The operator can input information via the function keys.

Arguments

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

Answer Data typenum

The variable for which, depending on which key is pressed, the numeric value
1..5is returned. If the function key 1 is pressed, 1 is returned, and so on.

Text Data typestring
The information text to be written on the display (a maximum of 80 characters).
FKx (Function key text) Data typestring

The text to be written as a prompt for the appropriate function key (a maximum
of 7 characters). FK1 is the left-most key.

Function keys without prompts are specified by the predefined string constant
stEmpty with value empty string (*”).

System DataTypes and Routines 2-TPReadFK-1



TPReadFK Instructions

[\MaxTime] Datatype: num

The maximum amount of time [s] that program execution waits. If no function key
isdepressed within thistime, the program continuesto execute in the error handler
unlessthe BreakFlag isused (see below). The constant ERR_TP_MAXTIME can
be used to test whether or not the maximum time has elapsed.

[\DIBreak] (Digital Input Break) Datatype: signaldi

The digital signal that may interrupt the operator dialog. If no function key is
depressed when the signal isset to 1 (or is aready 1), the program continues to
execute in the error handler, unless the BreakFlag is used (see below). The
constant ERR_TP_DIBREAK can be used to test whether or not this has occurred.

[\BreakFlag] Datatype: errnum
A variable that will hold the error code if maxtime or dibreak is used. If this

optional variable is omitted, the error handler will be executed. The constants
ERR_TP_MAXTIME and ERR_TP_DIBREAK can be used to select the reason.

Program execution

The information text is always written on anew line. If the display isfull of text, this
body of text ismoved up onelinefirst. Stringslonger than the width of the teach pendant
(40 characters) are split into two lines.

Prompts are written above the appropriate function keys. Keys without prompts are
deactivated.

Program execution waits until one of the activated function keys is depressed.

Description of concurrent TPReadFK or TPReadNum request on Teach Pendant (TP

request) from same or other program tasks:

* New TP request from other program task will not take focus (new put in queue)

* New TP request from TRAP in the same program task will take focus (old put in queue)
* Program stop take focus (old put in queue)

* New TP request in program stop state takes focus (old put in queue)

Example
VAR errnum errvar;

TPReadFK regl, “Go to service position?”, stEmpty, StEmpty, sStEmpty, “Yes”, “No”
\MaxTime:= 600

\DIBreak:= di5\BreakFlag:= errvar;
IFregl =4 or OR errvar = ERR_TP_DIBREAK THEN

MovelL service, v500, fine, tool1;
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Stop;
ENDIF
IF errvar = ERR_TP_MAXTIME EXIT;

The robot is moved to the service position if the forth function key (“Yes”) is
pressed, or if the input 5 is activated. If no answer is given within 10 minutes, the
execution is terminated.

Predefined data
CONST string StEmpty := “";
The predefined constastEmpty should be used for Function Keys without prompts.

UsingstEmpty instead of “’saves about 80 bytes for every Function Key without
prompts.

Syntax

TPReadFK
[Answer’:="] <var or persINOUT) of num>’;’
[Text:="] <expressionIN) of string>’,’
[FK1 :="] <expressionI(N) of string>’,’
[FK2 ":="] <expressionI(N) of string>’",’
[FK3 :="] <expressionI(N) of string>’,’
[FK4 ":="] <expressionI(N) of string>’,’
[FK5 ":="] <expressionI(N) of string>
[VMaxTime ":=’ <expression [N) of num>]
[VDIBreak :=’ <variable (VAR) of signaldi>]
[VBreakFlag ":=’ <var or persiNOUT) of errnum>]’;’

Related infor mation

Described in:
Writing to and reading from RAPID SummarZemmunication
the teach pendant
Replying via the teach pendant Running Production
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TPReadNum  Readsanumber from theteach pendant

TPReadNum (Teach Pendant Read Numerical) is used to read a number from the teach
pendant.

Example
TPReadNum regl, “How many units should be produced?”;
The textHow many units should be produced? is written on the teach pendant

display. Program execution waits until a number has been input from the numeric
keyboard on the teach pendant. That number is storedlin

Arguments

TPReadNum Answer Sring [\MaxTime] [\DIBreak]
[\BreakFlag]

Answer Data typenum

The variable for which the number input via the teach pendant is returned.

Sring Data typestring
The information text to be written on the teach pendant (a maximum of 80
characters).

[\MaxTime] Data typenum

The maximum amount of time that program execution waits. If no number is
input within this time, the program continues to execute in the error handler
unless the BreakFlag is used (see below). The constant ERR_TP_MAXTIME
can be used to test whether or not the maximum time has elapsed.

[\DIBreak] (Digital Input Break) Data typesignaldi

The digital signal that may interrupt the operator dialog. If no number is input
when the signal is set to 1 (or is already 1), the program continues to execute in
the error handler unless the BreakFlag is used (see below). The constant
ERR_TP_DIBREAK can be used to test whether or not this has occurred.

[\BreakFlag] Data typeerrnum
A variable that will hold the error code if maxtime or dibreak is used. If this
optional variable is omitted, the error handler will be executed.The constants

ERR_TP_MAXTIME and ERR_TP_ DIBREAK can be used to select the
reason.
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Program execution

The information text is always written on anew line. If the display isfull of text, this
body of text is moved up one line first. Strings longer than the width of the teach
pendant (40 characters) are split into two lines.

Program execution waits until anumber istyped on the numeric keyboard (followed by
Enter or OK).

Reference to TPReadFK about description of concurrent TPReadFK or TPReadNum
regquest on Teach Pendant from same or other program tasks.

Example

TPReadNum regl, “How many units should be produced?”;
FOR i FROM 1 TO regl DO

produce_part;
ENDFOR

The textHow many units should be produced? is written on the teach pendant

display. The routin@roduce part is then repeated the number of times that is
input via the teach pendant.

Syntax

TPReadNum
[Answer’:="] <var or persIiNOUT) of num>’;
[String’:="] <expressionI(N) of string>
[VMaxTime ":=’ <expression [N) of num>]
[VDIBreak ':=’ <variable (VAR) of signaldi>]
[VBreakFlag :=" <var or persIiNOUT) of errnum>] ’;’

Related infor mation

Described in:
Writing to and reading from RAPID SummarZemmunication
the teach pendant
Entering a number on the teach pendant Production Running
Examples of how to use the arguments InstructioriReadFK

MaxTime, DIBreak and BreakFlag
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TPShow Switch window on the teach pendant

TPShow (Teach Pendant Show) is used to select Teach Pendant Window from RAPID.

Examples
TPShow TP_PROGRAM;
The Production Window will be activeif the system isin AUTO mode and the
ProgramWndow will be activeif the system isin MAN mode after execution of
thisinstruction.
TPShow TP_LATEST;

The latest used Teach Pendant Window used before the Operator Input& Output
Window will be active after execution of this instruction.

Arguments
TPShow Window
Window Data type: tpnum
The window to show:
TP_PROGRAM = Production Window if in AUTO mode. Program Wndow if
in MAN mode.

TP_LATEST = Latest used Teach Pendant Window before Operator
Input& Output Window

Predefined data

CONST tpnum TP_PROGRAM =1,
CONST tpnum TP_LATEST := 2,

Program execution

The selected Teach Pendant Window will be activated.
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Syntax

TPShow
[Window’:="] <expression(IN) of tpnum> *;’

Related information

Described in:
Communicating using RAPID Summargemmunication
the teach pendant
Teach Pendant Window number Data Typgsium
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TPWrite Writes on the teach pendant

TPWrite (Teach Pendant Write) is used to write text on the teach pendant. The value of
certain data can be written as well as text.

Examples
TPWrite "Execution started”;
The text Execution started is written on the teach pendant.
TPWrite "No of produced parts="\Num:=regl,

If, for example, the answer to No of produced parts=5, enter 5 instead of regl on
the teach pendant.

Arguments

TPWrite String [\Num] | [\Bool] | [\Pos] | [\Orient]

String Datatype: string
The text string to be written (a maximum of 80 characters).

[\Num] (Numeric) Data type: num
The data whose numeric value is to be written after the text string.

[\Bool] (Boolean) Datatype: bool
The data whose logical value is to be written after the text string.

[\Pos] (Position) Data type: pos
The data whose position is to be written after the text string.

[\Orient] (Orientation) Datatype: orient

The data whose orientation is to be written after the text string.

Program execution
Text written on the teach pendant always beginson anew line. When the display isfull
of text, thistext ismoved up onelinefirst. Stringsthat are longer than the width of the
teach pendant (40 characters) are divided up into two lines.

If one of the arguments\Num, \Bool, \Pos or \Orient isused, itsvalueisfirst converted
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to atext string before it is added to the first string. The conversion from value to text
string takes place as follows:

Argument Value Text string

\Num 23 "23"

\Num 1.141367 "1.14137"

\Bool TRUE "TRUE"

\Pos [1817.3,905.17,879.11] "[1817.3,905.17,879.11]"
\Orient [0.96593,0,0.25882,0] "[0.96593,0,0.25882,0]"

Thevaueisconverted to astring with standard RAPID format. Thismeansin principle
6 significant digits. If the decimal part islessthan 0.000005 or greater than 0.999995,
the number is rounded to an integer.

Limitations

The arguments \Num, \Bool, \Pos and \Orient are mutually exclusive and thus cannot
be used simultaneously in the same instruction.

Syntax

TPWrite
[String’:="] <expressior(IN) of string>
[VNum’:=" <expressior{IN) of num> ]
[VBool:=" <expressior(IN) of bool> ]
[VPos":=" <expressior{IN) of pos> |
[\'Orient:=" <expressior{IN) of orient>]’;’

Related infor mation

Described in:

Clearing and reading RAPID Summargemmunication
the teach pendant
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TriggC  Circular robot movement with events

TriggC (Trigg Circular) is used to set output signals and/or run interrupt routines at
fixed positions, at the same time as the robot is moving on acircular path.

One or more (max. 4) events can be defined using the instructions Triggl O,
TriggEquip or Trigglnt and afterwards these definitions are referred to in the
instruction TriggC.

Examples
VAR triggdata gunon;
Triggl O gunon, 0 \Start \DOp:=gun, on;

MovelL p1l, v500, z50, gunl;
TriggC p2, p3, v500, gunon, fine, gunl;

Thedigital output signal gun is set when the robot’s TCP passes the midpoint of
the corner path of the poipt.

TriggC p2, p3, v500,gunon, fine, gunl;

) e

\ Circle point p2
The output signal gun is set to ON

when the TCP of therobot is here

Start point p1 ~e End point p3

Figure 23 Example of fixed-position 10 event.

Arguments

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

[\Conc] (Concurrent) Data typeswitch

Subsequent instructions are executed at once. This argument is used to shorten
the cycle time when, for example, communicating with external equipment, and
synchronisation is not required. It can also be used

to tune the execution of the robot path, to avoid warning 50024 Corner path
failure, or error 40082 Deceleration limit.

When using the argument \Conc, the number of movement instructions in

succession is limited to 5. In a program section that includes StorePath-
RestoPath, movement instructions with the argument \Conc are not permitted.
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I nstructions

If this argument is omitted and the ToPoint is not a stop point, the subsequent
instruction is executed some time before the robot has reached the programmed
zone.
CirPoint Data type: robtarget
The circle point of the robot. See the instruction MoveC for a more detailed
description of circular movement. The circle point is defined asanamed position
or stored directly in the instruction (marked with an * in the instruction).
ToPoint Datatype: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Data type: speeddata

The speed data that appliesto movements. Speed data defines the vel ocity of the
tool centre point, the external axes and of the tool reorientation.

[\T] (Time) Datatype: num

Thisargument is used to specify thetotal time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Trigg 1 Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T2] (Trigg 2) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T3] (Trigg 3) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T4] (Trigg 4) Data type: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

Zone Data type: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination position.
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[ \WObj] (Work Object) Datatype: wobjdata

The work object (coordinate system) to which the robot position in the
instruction is related.

This argument can be omitted, and if it is, the position is related to the world
coordinate system. If, on the other hand, a stationary TCP or coordinated
external axes are used, this argument must be specified for alinear movement
relative to the work object to be performed.

[\Corr] (Correction) Data type: switch

Correction data written to a corrections entry by the instruction CorrWrite will
be added to the path and destination position, if this argument is present.

Program execution
See the instruction MoveC for information about circular movement.

Asthetrigger conditions are fulfilled when the robot is positioned closer and closer to
the end point, the defined trigger activities are carried out. The trigger conditions are
fulfilled either at a certain distance before the end point of the instruction, or at a
certain distance after the start point of the instruction, or at a certain point in time
(limited to a short time) before the end point of the instruction.

During stepping execution forwards, the 1/O activities are carried out but the interrupt
routines are not run. During stepping execution backwards, no trigger activities at all
are carried out.

Examples

VAR intnum intnol;
VAR triggdata triggl;

CONNECT intnol WITH trapl;
Triggint triggl, 0.1 \Time, intnol;

;I."riggC pl, p2, v500, triggl, fine, gunl;
TriggC p3, p4, vo00, triggl, fine, guni,;

IDeI eteintnol;

The interrupt routine trapl is run when the work point is at a position
0.1 sbefore the point p2 or p4 respectively.

Limitations

If the current start point deviates from the usual, so that the total positioning length of
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I nstructions

the ingtruction TriggC is shorter than usual, it may happen that severa or al of the
trigger conditions are fulfilled immediately and at the same position. In such cases, the
sequence inwhich thetrigger activitiesare carried out will be undefined. The program
logic in the user program may not be based on a normal sequence of trigger activities
for an “incomplete movement”.

The instructionlriggC should never be started from the beginning with the robot in
position after the circle point. Otherwise the robot will not take the programmed path
(positioning around the circular path in another direction compared with that
programmed).

Syntax

TriggC

[V Conc’,]
[ CirPoint :=" ] < expressionI(N) of robtarget > ',
[ ToPoint :=" ] < expressionI{N) of robtarget > ',
[ Speed ;=" ] < expressiori ) of speeddata >

['V T =" <expression (N) of num>1]"/
[Trigg_1 ":="] < variable ¥AR) of triggdata >
['V T2 =" <variable (VAR) of triggdata > ]
['V T3 =" <variable (VAR) of triggdata > |
['V T4 =" <variable (VAR) of triggdata > | *,’
[Zone :=" ] < expressionI{) of zonedata > *;’
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj :=’ < persistent PERS) of wobjdata > ]
['VCorr]y

Related infor mation

2-TriggC-4

Described in:

Linear movement with triggers Instruction$riggL

Joint movement with triggers Instruction$riggJ

Definition of triggers Instructions Friggl O, TriggEquip
Triggint

Writes to a corrections entry InstructionSorr\Write

Circular movement Motion Principle$ositioning during
Program Execution

Definition of velocity Data Typesspeeddata

Definition of tools Data Typestooldata

Definition of work objects Data Typeswobjdata

Motion in general Motion Principles
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Triggequip Definesafixed position-time /O event

TriggEquip (Trigg Equipment) is used to define conditions and actions for setting a
digital, agroup of digital, or an analog output signal at afixed position along the
robot’s movement path with possibility to do time compensation for the lag in the
external equipment.

The data defined is used for implementation in one or more subs@ggght TriggC
or TriggJ instructions.

Examples
VAR triggdata gunon;
TriggEquip gunon, 10, 0.1 \DOp:=gun, 1;
TriggL p1, v500, gunon, z50, gunl;
The toolgunl opens in point p2, when the TCRLBEmm before the poirdl. To

reach this, the digital output sigrgaln is set to the valug, when TCP i€.1 s
before the point p2. The gun is full open when TCP reach point p2.

Start point TriggL pl, v500, gunon, z50, guni,;
p ~—a
-
/ 10 mm
4’

Figure 24 Example of fixed position-time 1/0 event.

End point p1

/

Point p2 for open of the gun

Arguments

TriggEquip TriggData Distance [\Sart] EquiplLag
[\DOp]|[\GOp]|[\AOp]|[\ProcID] SetValue[\Inhib]

TriggData Data typetriggdata

Variable for storing thé&riggdata returned from this instruction. Thetseggdata
are then used in the subsequemggL, TriggC or TriggJ instructions.

Distance Data typenum
Defines the position on the path where the 1/0 equipment event shall occur.

Specified as the distance in mm (positive value) from the end point of the
movement path (applicable if the argumesikt is not set).
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See the section entitled Program execution for further details.
[\Start ] Data type: switch

Used when the distance for the argument Distance starts at the movement start
point instead of the end point.

EquipLag (Equipment Lag) Data type: num
Specify the lag for the external equipment in s.

For compensation of external equipment lag, use positive argument value.
Positive argument value means that the I/O signal is set by the robot system at
specified time before the TCP physical reach the specified distancein relation to
the movement start or end point.

Negative argument value means that the I/O signal is set by the robot system at
specified time after that the TCP physical has passed the specified distancein
relation to the movement start or end point.

Start point End point
, iy
Distance Distance
\Start
+ - +
EquipLag

Figure 25 Use of argument EquipLag.
[\DOp ] (Digital OutPut) Datatype: signaldo
The name of the signal, when adigital output signal shall be changed.
[\GOp] (Group OutPut) Datatype: signalgo
The name of the signal, when a group of digital output signals shall be changed.
[\AOp] (Analog Output) Datatype: signalao
The name of the signal, when a analog output signal shall be changed.
[ \ProclD] (Process | dentity) Data type: num
Not implemented for customer use.

(Theidentity of the IPM processto receive the event. The selector is specifiedin
the argument SetValue.)
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SetValue Data type: num
Desired value of output signal (within the allowed range for the current signal).
[\Inhib] (Inhibit) Data type: bool

The name of a persistent variable flag for inhibit the setting of the signal at
runtime.

If this optional argument is used and the actual value of the specified flag is
TRUE at the position-time for setting of the signal then the specified signal
(DOp, GOp or AOp) will be set to 0 in stead of specified value.

Program execution

When running the instruction TriggEquip, the trigger condition is stored in the
specified variable for the argument TriggData.

Afterwards, when one of the instructions TriggL, TriggC or TriggJ is executed, the
following are applicable, with regard to the definitions in TriggEquip:

The distance specified in the argument Distance:

Linear movement The straight line distance
Circular movement Thecirclearc length
Non-linear movement The approximate arc length along the path

(to obtain adequate accuracy, the distance should
not exceed one half of the arc length).

End point with

2~ corner path

If the Distance is 0, the output signal is
set when the robot’s TCP is here

Figure 26 Fixed position-time I/O on a corner path.

The position-time related event will be generated when the start point (end point) is
passed, if the specified distance from the end point (start point) isnot within the length
of movement of the current instruction (Trigg...). With use of argument EquipLag with
negative time (delay), the 1/O signal can be set after the end point.

Examples

VAR triggdata glueflow;
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TriggEquip glueflow, 1 \Start, 0.05 \AOp:=glue, 5.3;

Movel p1, v1000, z50, tool1,
TriggL p2, v500, glueflow, z50, tool 1;

The analog output signal glueis set to the value 5.3 when the TCP passes a point
located 1 mm after the start point p1 with compensation for equipment lag 0.05 s.
;I"'riggL p3, v500, glueflow, z50, tool1,

The analog output signal glueis set once more to the value 5.3 when the TCP
passes a point located 1 mm after the start point p2.

Limitations

I/0 events with distance (without the argument \Time) is intended for flying points
(corner path). 1/0 eventswith distance, using stop points, resultsin worse accuracy than
specified below.

Regarding the accuracy for 1/0 events with distance and using flying points, the
following is applicable when setting a digital output at a specified distance from the
start point or end point in the instruction TriggL or TriggC:

- Accuracy specified below isvalid for positive EquipLag parameter < 60 ms,
equivalent to thelag in the robot servo (without changing the system parameter
Event Preset Time).

- Accuracy specified below isvalid for positive EquipLag parameter <
configured Event Preset Time (system parameter).

- Accuracy specified below is not valid for positive EquiplLag parameter >
configured Event Preset Time (system parameter). In this case, an approximate
method is used in which the dynamic limitations of the robot are not taken into
consideration. SngArea \Wrist must be used in order to achieve an acceptable
accuracy.

- Accuracy specified below isvalid for negative EquipLag.

I/0O events with time (with the argument \Time) is intended for stop points. I/O events
with time, using flying points, results in worse accuracy than specified below.

I/0 events with time can only be specified from the end point of the movement. This
time cannot exceed the current braking time of the robot, which is max. approx. 0.5 s
(typical values at speed 500 mm/s for IRB2400 150 ms and for IRB6400 250 ms). If
the specified time is greater that the current braking time, the event will be generated
anyhow, but not until braking is started (later than specified). However, the whole of
the movement time for the current movement can be utilised during small and fast
movements.

Typical absolute accuracy values for set of digital outputs +/- 5 ms.
Typical repeat accuracy values for set of digital outputs +/- 2 ms.

Used digital output signals (DOp or GOp) cannot be cross connected to other signals.
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TriggEquip

Syntax

TriggEquip

[ TriggData ;=" ] < variable YAR) of triggdata> *,’

[ Distance ;=" ] < expression N) of num>

[V Start] ‘)

[ EquipLag :="] < expressionl ) of num>
['V DOp =" < variable (VAR) of signaldo> ]
[ 'V GOp "= < variable VAR) of signalgo> ]
[ 'V AOp ":=' < variable (VAR) of signalao> ]
[V ProcID ":=" < expressionI(N) of num>1]*/

|
|
[ SetValue .=’ ] < expression ) of num>
[

'\ Inhibit ":=" < persistent PERS) of bool> ] *,’

Related infor mation

Use of triggers

Definition of other triggs

More examples

Set of I/10

Configuration of Event preset time

System DataTypes and Routines

Described in:

InstructionsTriggL, TriggC, TriggJd
InstructionFriggl O, Triggint

Data Typesriggdata
Instructions SetDO, SetGO, SetAO

User's guide System Parameters -
Manipulator
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Triggint  Definesa position related interrupt

Triggint is used to define conditions and actions for running an interrupt routine at a
position on the robot’s movement path.

The data defined is used for implementation in one or more subs@gigght TriggC
or Triggd instructions.

Examples

VAR intnum intnol;
VAR triggdata trigg1;

CONNECT intnol WITH trap1;
Triggint triggl, 5, intnol,

:I.'.riggL pl, v500, triggl, z50, guni;
TriggL p2, v500, triggl, z50, guni;

IDelete intnol;

The interrupt routinérapl is run when the TCP is at a posit®mm
before the poinpl or p2 respectively.

Start point ~ TriggL p1, v500, triggl, z50, guni, / End point p1 or p2

& >
/ 5mm
- -4—

Theinterrupt is generated
when the TCP is here

Figure 27 Example position related interrupt.

Arguments
Trigglnt TriggData Distance [\Sart]|[\Time]
Interrupt
TriggData Data typetriggdata

Variable for storing thé&riggdata returned from this instruction. Thesegygdata
are then used in the subsequemggL, TriggC or TriggJ instructions.

Distance Data typenum

Defines the position on the path where the interrupt shall be generated.
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Specified as the distance in mm (positive value) from the end point of the
movement path (applicableif the argument \ Sart or \Timeis not set).

See the section entitled Program execution for further details.
[\Start ] Data type: switch

Used when the distance for the argument Distance starts at the movement start
point instead of the end point.

[\Time] Datatype: switch

Used when the value specified for the argument Distanceisin fact atimein
seconds (positive value) instead of a distance.

Position related interruptsin time can only be used for short times (< 0.5 s) before
the robot reaches the end point of the instruction. See the section entitled
Limitations for more details.

Interrupt Datatype: intnum

Variable used to identify an interrupt.

Program execution

When running the instruction Triggint, datais stored in a specified variable for the
argument TriggData and the interrupt that is specified in the variable for the argument
Interrupt is activated.

Afterwards, when one of the instructions TriggL, TriggC or TriggJ is executed, the
following are applicable, with regard to the definitions in Trigglnt:

The distance specified in the argument Distance:

Linear movement The straight line distance
Circular movement Thecirclearc length
Non-linear movement The approximate arc length along the path

(to obtain adequate accuracy, the distance should
not exceed one half of the arc length).

End point with
corner path

el

If the Distanceis 0, the interrupt will be
generated when the robot’s TCP is here

Figure 28 Position related interrupt on a corner path.
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Instructions Triggint

The position related interrupt will be generated when the start point (end point) is
passed, if the specified distance from the end point (start point) isnot within the length
of movement of the current instruction (Trigg...).

Examples

This example describes programming of the instructions that interact to generate
position related interrupts:

VAR intnum intno2;
VAR triggdata trigg2;

- Declaration of the variablesintno2 and trigg2 (shall not be initiated).
CONNECT intno2 WITH trap2;

- Allocation of interrupt numbers that are stored in the variable intno2
- The interrupt number is coupled to the interrupt routine trap2

Trigglnt trigg2, O, intno2;

- The interrupt number in the variable intno2 is flagged as used
- The interrupt is activated

- Defined trigger conditions and interrupt number are stored in the variable
trigg2

TriggL p1, v500, trigg2, z50, guni;

- The robot is moved to the point pl.

- When the TCP reaches the point p1, an interrupt is generated and the interrupt
routine trap2 is run.

TriggL p2, v500, trigg2, z50, gunl;

- The robot is moved to the point p2

- When the TCP reaches the point p2, an interrupt is generated and the interrupt
routine trap2 is run once more.

IDelete intho2;

- The interrupt number in the variable intno2 is de-all ocated.

Limitations
Interrupt events with distance (without the argument \Time) isintended for flying

points (corner path). Interrupt events with distance, using stop points, resultsin worse
accuracy than specified below.
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Interrupt events with time (with the argument \Time) is intended for stop points.
Interrupt events with time, using flying points, resultsin worse accuracy than specified
below.

I/0 events with time can only be specified from the end point of the movement. This
time cannot exceed the current braking time of the robot, which is max. approx. 0.5 s
(typical values at speed 500 mm/s for IRB2400 150 ms and for IRB6400 250 ms). If
the specified time is greater that the current braking time, the event will be generated
anyhow, but not until braking is started (later than specified). However, the whole of
the movement time for the current movement can be utilised during small and fast
movements.

Typical absolute accuracy values for generation of interrupts +/- 5 ms.
Typical repeat accuracy values for generation of interrupts +/- 2 ms.

Normally thereisadelay of 5 to 120 ms between interrupt generation and response,
depending on the type of movement being performed at the time of the interrupt.
(Ref. to Basic Characteristics RAPID - Interrupts).

To obtain the best accuracy when setting an output at a fixed position along the robot’s
path, use the instructiosiggl O or TriggEquip in preference to the instructions
Trigglnt with SetDO/SetGO/SetAO in an interrupt routine.

Syntax

Triggint
[ TriggData ":=’ ] < variable YAR) of triggdata> *,’
[ Distance ;=" ] < expression N) of num>
['VStart] [['V Time]’/
[ Interrupt ;=" ] < variable YAR) of inthum> "’

Related information

Described in:
Use of triggers InstructionsTriggL, TriggC, TriggJd
Definition of position fix I/O Instruction Triggl O, TriggEquip
More examples Data Typesriggdata
Interrupts Basic Characteristic$nterrupts

2-Triggint-4 System DataTypes and Routines



Instructions Triggl O

TrigglO Defines a fixed position I/0O event

Triggl O isused to define conditions and actionsfor setting adigital, agroup of digital,
or an analog output signal at a fixed position along the robot’s movement path.

To obtain a fixed position 1/O evendt;igglO compensates for the lag in the control
system (lag between robot and servo) but not for any lag in the external equipment. For
compensation of both lags ugeggEquip.

The data defined is used for implementation in one or more subs&ggght TriggC
or TriggJ instructions.

Examples
VAR triggdata gunon;
TrigglO gunon, 10 \DOp:=gun, 1,
TriggL p1, v500, gunon, z50, gunl;

The digital output signaun is set to the valug when the TCP i40 mm before
the pointpl.

Start point TriggL pl, v500, gunon, z50, guni,;
p ~—a
-
/ 10 mm
4’

Figure 29 Example of fixed-position 10 event.

End point p1

/

The output signal gun is set
when the TCPis here

Arguments

TrigglO TriggData Distance [\Sart] |[\Time]
[\DOp]|[\GOp]|[NOp]|[\ProcIlD] SetValue
[ \DOD¢€lay |

TriggData Data typetriggdata

Variable for storing thé&riggdata returned from this instruction. Thetseggdata
are then used in the subsequmggL, TriggC or TriggJ instructions.

Distance Data typenum

Defines the position on the path where the 1/0 event shall occur.
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Triggl O Instructions

Specified as the distance in mm (positive value) from the end point of the
movement path (applicableif the argument \ Sart or \Timeis not set).

See the section entitled Program execution for further details.
[\Start ] Data type: switch

Used when the distance for the argument Distance starts at the movement start
point instead of the end point.

[\Time] Datatype: switch

Used when the value specified for the argument Distance isin fact atimein
seconds (positive value) instead of a distance.

Fixed position 1/0 in time can only be used for short times (< 0.5 s) before the
robot reachesthe end point of the instruction. Seethe section entitled Limitations
for more details.
[\DOp ] (Digital OutPut) Datatype: signaldo
The name of the signal, when adigital output signal shall be changed.
[\GOp] (Group OutPut) Datatype: signalgo
The name of the signal, when a group of digital output signals shall be changed.
[\AOp] (Analog Output) Datatype: signalao
The name of the signal, when a analog output signal shall be changed.
[ \ProclD] (Process | dentity) Data type: num

Not implemented for customer use.

(Theidentity of the IPM process to receive the event. The selector is specifiedin
the argument SetValue.)

SetValue Data type: num
Desired value of output signal (within the allowed range for the current signal).
[ \DODelay] (Digital Output Delay) Data type: num

Time delay in seconds (positive value) for adigital output signal or group of
digital output signals.

Only used to delay setting digital output signals, after the robot has reached the
specified position. There will be no delay if the argument is omitted.

The delay is not synchronised with the movement.
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Instructions Triggl O

Program execution

When running the instruction Triggl O, the trigger condition is stored in a specified
variable for the argument TriggData.

Afterwards, when one of the instructions TriggL, TriggC or TriggJ is executed, the
following are applicable, with regard to the definitions in Triggl O:

The distance specified in the argument Distance:

Linear movement The straight line distance
Circular movement Thecirclearc length
Non-linear movement The approximate arc length along the path

(to obtain adequate accuracy, the distance should
not exceed one half of the arc length).

End point with

< comer path

If the Distance is O, the output signal is
set when the robot’s work point is here

Figure 30 Fixed position I/O on a corner path.

The fixed position 1/0O will be generated when the start point (end point) is passed, if
the specified distance from the end point (start point) is not within the length of
movement of the current instruction (Trigg...).

Examples
VAR triggdata glueflow;
Triggl O glueflow, 1 \Start \AOp:=glue, 5.3;

Movel p1, v1000, z50, tool1,;
TriggL p2, v500, glueflow, z50, tool 1;

The analog output signal glue is set to the value 5.3 when the work point passes
apoint located 1 mm after the start point p1.

;II'.riggL p3, v500, glueflow, z50, tool 1,

The analog output signal glue is set once more to the value 5.3 when the work
point passes a point located 1 mm after the start point p2.
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Triggl O

I nstructions

Limitations

I/O events with distance (without the argument \Time) is intended for flying points
(corner path). I/0 eventswith distance, using stop points, resultsin worse accuracy than
specified below.

1/0 events with time (with the argument \Time) is intended for stop points. I/O events
with time, using flying points, results in worse accuracy than specified below.

I/0 events with time can only be specified from the end point of the movement. This
time cannot exceed the current braking time of the robot, which is max. approx. 0.5 s
(typical values at speed 500 mm/s for IRB2400 150 ms and for IRB6400 250 ms). If
the specified time is greater that the current braking time, the event will be generated
anyhow, but not until braking is started (later than specified). However, the whole of
the movement time for the current movement can be utilised during small and fast
movements.

Typical absolute accuracy values for set of digital outputs +/- 5 ms.
Typical repeat accuracy values for set of digital outputs +/- 2 ms.

Used digital output signals (DOp or GOp) cannot be cross connected to other signals.

Syntax

TrigglO
[ TriggData ":=’ ] < variable YAR) of triggdata> *,’
[ Distance ":=" ] < expression N) of num>
['VStart]| [V Time ]
[’V DOp ;=" < variable (VAR) of signaldo> ]
| [’V GOp ":=' < variable VAR) of signalgo> ]
| [’V AOp :=’ < variable (VAR) of signalao> ]
| [’V ProcID ":=" < expressionI(N) of num> ]’
[ SetValue ;=" ] < expressiorn N) of num>
['V DODelay ;=" < expression|I(N) of num>]‘;’

Related information

Described in:
Use of triggers InstructionsTriggL, TriggC, TriggJd
Definition of position-time 1/0 event Instructionl¥iggEquip
Definition of position related interrupts Instructiofirigglnt
More examples Data Typesriggdata
Set of 1/10 Instructions SetDO, SetGO, SetAO
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Triggd Axiswiserobot movementswith events

TriggJ (Trigg Joint) is used to set output signals and/or run interrupt routines at fixed
positions, at the same time as the robot is moving on acircular path.

Oneor more (max. 4) events can be defined using theinstructions Triggl O, TriggEquip
or Trigglnt and afterwards these definitions are referred to in the instruction TriggJd.

Examples
VAR triggdata gunon;
Triggl O gunon, 0 \Start \DOp:=gun, on;

MovelL p1l, v500, z50, guni;
TriggJd p2, v500, gunon, fine, gunl;

Thedigital output signal gun is set when the robot’s TCP passes the midpoint of
the corner path of the poipt.

Start point p1 — TriggJd p2, v500,gunon, fine, gunz/ End point p2

\ The output signal gun is set to ON

when the robot’s TCP is here

Figure 31 Example of fixed-position 10 event.

Arguments

Triggd [\Conc] ToPoint Speed [\T] Trigg 1 [\T2] [\T3] [\T4]
Zone Tool [\WObj ]

[\Conc] (Concurrent) Data typeswitch

Subsequent instructions are executed at once. This argument is used to shorten
the cycle time when, for example, communicating with external equipment, if
synchronisation is not required. It can also be used

to tune the execution of the robot path, to avoid warning 50024 Corner path
failure or error 40082 Deceleration limit.

Using the argument \Conc, the number of movement instructions in succession

is limited to 5. In a program section that includes StorePath-RestoPath, move-
ment instructions with the argument \Conc are not permitted.
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2-TriggJ-2

I nstructions

If this argument is omitted and the ToPoint is not a stop point, the subsequent
instruction is executed some time before the robot has reached the programmed
zone.

ToPoint Data type: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Datatype: speeddata

The speed data that appliesto movements. Speed data defines the velocity of the
tool centre point, the external axes and of the tool reorientation.

[\T] (Time) Data type: num

Thisargument is used to specify thetotal time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Trigg_ 1 Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T2] (Trigg 2) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T3] (Trigg 3) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T4] (Trigg 4) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination position.

[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

This argument can be omitted, and if it is, the position is related to the world
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coordinate system. If, on the other hand, a stationary TCP or coordinated exter-
nal axesare used, thisargument must be specified for alinear movement relative
to the work object to be performed.

Program execution
See the instruction Moveld for information about joint movement.

Asthetrigger conditions are fulfilled when the robot is positioned closer and closer to
the end point, the defined trigger activities are carried out. The trigger conditions are
fulfilled either at a certain distance before the end point of the instruction, or at a cer-
tain distance after the start point of theinstruction, or at acertain pointintime (limited
to a short time) before the end point of the instruction.

During stepping execution forwards, the 1/0 activities are carried out but the interrupt
routines are not run. During stepping execution backwards, no trigger activities at all
are carried out.

Examples

VAR intnum intnol;
VAR triggdata triggl;

CONNECT intnol WITH trapl;
Triggint triggl, 0.1 \Time, intnol;

;I.'.rigg\] pl, v500, triggl, fine, guni,;
TriggJd p2, v500, triggl, fine, gunl;

IDeI eteintnol;

The interrupt routine trapl is run when the work point is at a position
0.1 sbefore the point p1 or p2 respectively.

Limitations

If the current start point deviates from the usual, so that the total positioning length of

the instruction TriggJ is shorter than usual (e.g. at the start of TriggJd with the robot

position at the end point), it may happen that several or all of thetrigger conditionsare
fulfilled immediately and at the same position. In such cases, the sequence in which

the trigger activities are carried will be undefined. The program logic in the user pro-

gram may not be based on a normal sequences of trigger activities for an "incomplete
movement”.

System DataTypes and Routines 2-TriggJ-3



TriggJ

I nstructions

Syntax

TriggJd

[V Conc’,]

[ ToPoint :=" ] < expressionl{N) of robtarget >’

[ Speed ;=" ] < expression ) of speeddata >
['V T =" <expression (N) of num>1]"/

[Trigg_1 =" ] < variable ¥AR) of triggdata >

['V T2 =" <variable (VAR) of triggdata > ]
['V T3 =" <variable (VAR) of triggdata > ]
['V T4 =" <variable (VAR) of triggdata > ] *,’

[Zone :=" ] < expressionl{N) of zonedata > *,’
[ Tool ;=" ] < persistent PERS) of tooldata >
[ 'V WODbj ":=’ < persistent PERS) of wobjdata > | '}’

Related infor mation

2-TriggJ4

Described in:

Linear movement with triggs InstructiongrHggL

Circular movement with triggers Instruction3riggC

Definition of triggers Instructions Friggl O, TriggEquip or
Triggint

Joint movement Motion Principle$ositioning during
Program Execution

Definition of velocity Data Typesspeeddata

Definition of tools Data Typestooldata

Definition of work objects Data Typeswobjdata

Motion in general Motion Principles
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TriggL Linear robot movementswith events

TriggL (Trigg Linear) isused to set output signalsand/or run interrupt routines at fixed
positions, at the same time as the robot is making alinear movement.

One or more (max. 4) events can be defined using the instructions Triggl O,

TriggEquip or Trigglnt and afterwards these definitions are referred to in the
instruction TriggL.

Examples
VAR triggdata gunon;
Triggl O gunon, 0 \Start \DOp:=gun, on;

Moved p1, v500, z50, gunl;
TriggL p2, v500, gunon, fine, guni,

Thedigital output signal gun is set when the robot’s TCP passes the midpoint of
the corner path of the poipt.

Start point p1 ~ TriggL p2, v500, gunon, fine, guni; / End point p2

g \
\ The output signal gun isset to ON

when the robot’'s TCP is here

Figure 32 Example of fixed-position 10 event.

Arguments

TriggL [\Conc] ToPoint Speed [\T ] Trigg 1 [\T2] [\T3] [\T4]
Zone Tool [\WODbj ][ \Corr ]

[\Conc] (Concurrent) Data typeswitch

Subsequent instructions are executed at once. This argument is used to shorten
the cycle time when, for example, communicating with external equipment, if
synchronisation is not required. It can also be used

to tune the execution of the robot path, to avoid warning 50024 Corner path
failure or error 40082 Deceleration limit.

Using the argument \Conc, the number of movement instructions in succession

Is limited to 5. In a program section that includes StorePath-RestoPath,
movement instructions with the argument \Conc are not permitted.
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I nstructions

If this argument is omitted and the ToPoint is not a stop point, the subsequent
instruction is executed some time before the robot has reached the programmed
zone.

ToPoint Data type: robtarget

The destination point of the robot and external axes. It is defined as a named
position or stored directly in the instruction (marked with an * in the instruction).

Speed Datatype: speeddata

The speed data that appliesto movements. Speed data defines the velocity of the
tool centre point, the external axes and of the tool reorientation.

[\T] (Time) Data type: num

Thisargument is used to specify thetotal time in seconds during which the robot
moves. It is then substituted for the corresponding speed data.

Trigg_ 1 Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T2] (Trigg 2) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T3] (Trigg 3) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

[\T4] (Trigg 4) Datatype: triggdata

Variablethat refersto trigger conditions and trigger activity, defined earlier inthe
program using the instructions Triggl O, TriggEquip or Triggint.

Zone Datatype: zonedata
Zone datafor the movement. Zone data describesthe size of the generated corner
path.

Tool Data type: tooldata

Thetool in use when the robot moves. The tool centre point is the point that is
moved to the specified destination position.

[ \WObj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which therobot positionintheinstruction
isrelated.

This argument can be omitted, and if it is, the position is related to the world
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coordinate system. If, on the other hand, a stationary TCP or coordinated
external axes are used, this argument must be specified for alinear movement
relative to the work object to be performed.

[\Corr] (Correction) Data type: switch

Correction data written to a corrections entry by the instruction CorrWrite will
be added to the path and destination position, if this argument is present.

Program execution
See the instruction MoveL for information about linear movement.

Asthetrigger conditions are fulfilled when the robot is positioned closer and closer to
the end point, the defined trigger activities are carried out. The trigger conditions are
fulfilled either at a certain distance before the end point of the instruction, or at a
certain distance after the start point of the instruction, or at a certain point in time
(limited to a short time) before the end point of the instruction.

During stepping execution forwards, the 1/O activities are carried out but the interrupt
routines are not run. During stepping execution backwards, no trigger activities at all
are carried out.

Examples

VAR intnum intnol;
VAR triggdata triggl;

CONNECT intnol WITH trapl;
Triggint triggl, 0.1 \Time, intnol;

;I."riggL pl, v500, triggl, fine, guni,
TriggL p2, v500, triggl, fine, guni,

IDeI eteintnol;

The interrupt routine trapl is run when the work point is at a position
0.1 sbefore the point pl or p2 respectively.

Limitations

If the current start point deviatesfrom the usual, so that the total positioning length of the
instruction TriggL isshorter than usual (e.g. at the start of TriggL with the robot position

a the end point), it may happen that several or al of the trigger conditions are fulfilled
immediately and at the same position. In such cases, the sequence in which the trigger
activities are carried out will be undefined. The program logic in the user program may

not be based on a normal sequence of trigger activities for an “incomplete movement”.
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I nstructions

Syntax

TriggL

[V Conc’,]

[ ToPoint :=" ] < expressionl{N) of robtarget > ',

[ Speed ;=" ] < expression ) of speeddata >
['V T =" <expression (N) of num>1]"/

[Trigg_1 =" ] < variable ¥AR) of triggdata >

['V T2 =" <variable (VAR) of triggdata > ]

['V T3 =" <variable (VAR) of triggdata > ]

['V T4 =" <variable (VAR) of triggdata > ] *,’

[Zone =" ] < expressionI{N) of zonedata > *,’

[ Tool ;=" ] < persistent PERS) of tooldata >

[ 'V WODbj ":=’ < persistent PERS) of wobjdata > |

['VCorr]y

Related information

2-TriggL-4

Described in:

Circular movement with triggers Instruction3riggC

Joint movement with triggers Instruction$riggJ

Definition of triggers Instructions Friggl O, TriggEquip or
Triggint

Writes to a corrections entry Instruction€err\Wite

Linear movement Motion Principle$ositioning during
Program Execution

Definition of velocity Data Typesspeeddata

Definition of tools Data Typestooldata

Definition of work objects Data Typesnobjdata

Motion in general Motion Principles
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TRYNEXT Jumpsover an instruction
which has caused an error

TRYNEXT is used to jump over an instruction which has caused an error. Instead, the
next instruction is run.

Example

reg2 := reg3/reg4;

ERROR
IF ERRNO = ERR_DIVZERO THEN
reg2:=0;
TRYNEXT,;
ENDIF

Anattempt ismadeto dividereg3 by reg4. If reg4 isequal to O (division by zero),
ajumpismadeto the error handler, wherereg2 isset to 0. The TRYNEXT instruc-
tion is then used to continue with the next instruction.

Program execution

Program execution continues with the instruction subsequent to the instruction that
caused the error.

Limitations

The instruction can only exist in a routine’s error handler.

Syntax

TRYNEXT';

Related infor mation

Described in:

Error handlers Basic Characteristics-
Error Recovery
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TuneReset Resetting servo tuning

TuneReset is used to reset the dynamic behaviour of al robot axes and external
mechanical units to their normal values.

Example
TuneReset;

Resetting tuning values for al axesto 100%.

Program execution
The tuning values for all axes are reset to 100%.

The default servo tuning values for all axes are automatically set by executing
instruction TuneReset

- at acold start-up

- when anew program is loaded

- when starting program execution from the beginning.

Syntax

TuneReset '’

Related infor mation

Described in
Tuning servos InstructionsTuneServo
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Instructions UnLoad

UnLoad UnLoad aprogram moduleduring execution

UnLoad is used to unload a program modul e from the program memory during execu-
tion.

The program module must previously have been loaded into the program memory
using the instruction Load or SartLoad - WaitLoad.

Example
UnLoad ramldisk \Filee="PART_A.MOD";
UnLoad the program module PART_A.MOD from the program memory, that

previously was |oaded into the program memory with Load. (See instructions
Load). (ramldisk is a predefined string constant “ramldisk:").

Arguments

UnL oad [\Save] FilePath [\Fileg]
[\Save] Datatype: switch

If thisargument isused, the program modul e is saved before the unloading starts.
The program module will be saved at original place specified in Load or Start-
Load instruction.

FilePath Data type: string

Thefile path and the file nameto thefile that will be unloaded from the program
memory. The file path and the file name must be the same as in the previously
executed Load or SartLoad instruction. The file name shall be excluded when
the argument \Fileis used.

[\File] Datatype: string

Whenthefile nameisexcluded inthe argument FilePath, then it must be defined
with thisargument. Thefile name must be the same asinthe previously executed
Load or StartLoad instruction.

Program execution
To be ableto execute a UnLoad instruction in the program, aLoad or SartLoad - Wait-
Load instruction with the same file path and name must have been executed earlier in
the program.

The program execution waits for the program modul e to be finish unloading before the
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execution proceeds with the next instruction.

After that the program module is unloaded, the rest of the program modules will be
linked.

For more information see the instructions Load or SartLoad-Waitload.

Examples

UnLoad "ram1disk:DOORDIR/DOOR1.MOD";
UnLoad the program module DOOR1.MOD from the program memory, that pre-
vioudy was loaded into the program memory with Load. (See instructions
Load).

UnLoad "ram1disk:DOORDIR/" \File:="DOOR1.MOD";
Same as above but another syntax.

Unload \Save, "ram1disk:DOORDIR/" \File:="DOOR1.MOD";

Same as above but save the program module before unloading.

Limitations
It isnot allowed to unload a program module that is executing.

TRAP routines, system |/O events and other program tasks cannot execute during the
unloading.

Avoid ongoing robot movements during the unloading.

Program stop during execution of UnLoad instruction resultsin guard stop with motors
off and error message "20025 Stop order timeout” on the Teach Pendant.

Error handling

If thefileinthe UnLoad instruction cannot be unloaded, because of ongoing execution
within the module or wrong path (module not loaded with Load or StartLoad, then the
system variable ERRNO is set to ERR_UNLOAD. This error can then be handled in
the error handler.
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Syntax

UnLoad
[\ Save’,]
[FilePath’:="]<expressionI{N) of string>
['\’File:=" <expression (N) of string>]";’

Related infor mation

Described in:
Load a program module Instructionkead

Instructions -SartLoad-WaitLoad
Accept unresolved references System Parame(@austroller

System Parameterdasks
System Parameter8tndRef

System DataTypes and Routines 2-UnLoad-3



UnLoad Instructions

2-UnLoad-4 System DataTypes and Routines



Instructions WaitDI

WaitDI Waits until adigital input signal is set

WaitDI (Wait Digital Input) isused to wait until adigital input is set.

Example
WaitDlI di4, 1;
Program execution continues only after the di4 input has been set.
WaitDI grip_status, O;

Program execution continues only after the grip_status input has been reset.

Arguments
WaitDl Signal Value[\MaxTime] [\TimeFlag]
Signal Datatype: signaldi

The name of the signal.

Value Data type: dionum
The desired value of the signal.
[\MaxTime] (Maximum Time) Data type: num

The maximum period of waiting time permitted, expressed in seconds. If this
time runs out before the condition ismet, the error handler will be called, if there
isone, with the error code ERR_WAIT_MAXTIME. If thereisno error handler,
the execution will be stopped.

[\TimeFlag] (Timeout Flag) Data type: bool

The output parameter that contains the value TRUE if the maximum permitted
waiting time runs out before the conditionis met. If this parameter isincluded in
the instruction, it is not considered to be an error if the max. time runs out.
Thisargument isignored if the MaxTime argument is not included in the instruc-
tion.

Program Running

If the value of the signal is correct, when the instruction is executed, the program sim-
ply continues with the following instruction.
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WaitDI Instructions

If the signal value is not correct, the robot enters a waiting state and when the signal
changes to the correct value, the program continues. The change is detected with an
interrupt, which gives afast response (not polled).

When the robot iswaiting, thetimeis supervised, and if it exceedsthe max time value,
the program will continue if a Time Flag is specified, or raise an error if it's not. If a
Time Flag is specified, this will be set to true if the time is exceeded, otherwise it will

be set to false.

Syntax

WaitDI
[ Signal ;=" ] < variable YAR) of signaldi >,
[ Value =" ] < expressionlI{N) of dionum >
[VMaxTime ":="<expression(IN) of num>]
[\TimeFlag:=’ <variable(VAR) of bool>] ’;’

Related infor mation

Described in:
Waiting until a condition is satisfied Instructiong\aitUntil
Waiting for a specified period of time InstructiondaitTime
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| nstructions WaitDO

WaitDO  Waitsuntil a digital output signal is set

WaitDO (Wait Digital Output) is used to wait until adigital output is set.

Example
WaitDO do4, 1,
Program execution continues only after the do4 output has been set.
WaitDO grip_status, 0;

Program execution continues only after the grip_status output has been reset.

Arguments
WaitDO Signal Value[\MaxTime] [\TimeFlag]
Signal Datatype: signaldo

The name of the signal.

Value Data type: dionum
The desired value of the signal.
[\MaxTime] (Maximum Time) Data type: num

The maximum period of waiting time permitted, expressed in seconds. If this
time runs out before the condition ismet, the error handler will be called, if there
isone, with the error code ERR_WAIT_MAXTIME. If thereisno error handler,
the execution will be stopped.

[\TimeFlag] (Timeout Flag) Data type: bool

The output parameter that contains the value TRUE if the maximum permitted
waiting time runs out before the conditionis met. If this parameter isincluded in
the instruction, it is not considered to be an error if the max. time runs out.
Thisargument isignored if the MaxTime argument is not included in the instruc-
tion.

Program Running

If the value of the signal is correct, when the instruction is executed, the program sim-
ply continues with the following instruction.
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WaitDO Instructions

If the signal value is not correct, the robot enters a waiting state and when the signal
changes to the correct value, the program continues. The change is detected with an
interrupt, which gives afast response (not polled).

When the robot iswaiting, thetimeis supervised, and if it exceedsthe max time value,
the program will continue if a Time Flag is specified, or raise an error if itsnot. If a
Time Flag is specified, thiswill be set to true if the time is exceeded, otherwise it will

be set to false.

Syntax

WaitDO
[ Signal ;=" ] < variable YAR) of signaldo > ',
[ Value :=" ] < expressionlI{N) of dionum >
[VMaxTime ":="<expression(IN) of num>]
[\TimeFlag:=’ <variable(VAR) of bool>] ’;’

Related infor mation

Described in:
Waiting until a condition is satisfied Instructiong\aitUntil
Waiting for a specified period of time InstructiondaitTime
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Instructions WaitL oad

WaitL oad Connect the loaded moduleto the task

WaitLoad is used to connect the module, if loaded with StartLoad, to the program task.

The loaded module must be connected to the program task with the instruction Wait-
Load, before any of its symbol/routines can be used.

The loaded program module will be added to the modules already existing in the pro-
gram memory.

Thisinstruction can also be combined with the function to unload some other program
module, to minimise the number of links (1 instead of 2).

Example
VAR loadsession loadl;

StartLoad "ramldisk:PART_A.MOD", loadl,
Movel p10, v1000, z50, tool 1 \WObj:=wobj 1,
MovelL p20, v1000, z50, tool1 \WObj:=wohj1;
MovelL p30, v1000, z50, tool1 \WObj:=wohj1;
MovelL p40, v1000, z50, tool1 \WObj:=wobj1;
WaitLoad loadl;

%"routine_x"%;

UnLoad "ramldisk:PART_A.MOD";

Load the program module PART _A.MOD from the ramldisk into the program
memory. In parallel, move the robot. Then connect the new program module to
the program task and call the routine routine_x in the module PART _A.

Arguments

WaitLoad [\UnloadPath] [\UnloadFile] L oadNo
[\UnloadPath] Data type: string

Thefile path and the file nameto thefile that will be unloaded from the program
memory. The file name should be excluded when the argument \UnloadFileis
used.

[\UnloadFile] Data type: string

When the file name is excluded in the argument \UnloadPath, then it must be
defined with this argument.
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L oadNo Data type: loadsession

Thisis areference to the load session, fetched by the instruction SartLoad, to
connect the loaded program module to the program task.

Program execution

The instruction WaitLoad will first wait for the loading to be completed, if it is not
already done, and then it will be linked and initialised. The initialisation of the |loaded
module sets all variables at module level to their init values.

Unsolved references will be accepted, if the system parameter for Tasks/BindRef is set
to NO. However, when the program is started or the teach pendant function Program
Window/File/Check Programis used, no check for unsolved references will be done if
BindRef = NO. There will be arun time error on execution of an unsolved reference.

Another way to use references to instructions, that are not in the task from the begin-
ning, isto use Late Binding. Thismakesit possible to specify theroutineto cal with a
string expression, quoted between two %%. In this case the BindRef parameter could
be set to YES (default behaviour). The Late Binding way is preferable.

To obtain agood program structure, that is easy to understand and maintain, all loading
and unloading of program modules should be done from the main module, which is
always present in the program memory during execution.

Examples
StartLoad "ramldisk:DOORDIR/DOOR2.MOD", loadl;
WaitLoad \UnloadPath:="ram1disk:DOORDIR/DOOR1.MOD", load1,
L oad the program module DOOR2.MOD from the ramldisk at the directory

DOORDIR into the program memory and connect the new module to the task.
The program module DOOR1.MOD will be unloaded from the program memory.
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Instructions WaitL oad

StartLoad "ram1disk:DOORDIR/" \Filee="DOOR2.MOD", loadl;
I The robot can do some other work
WaitLoad \UnloadPath:="ram1disk:DOORDIR/" \File:= "DOOR1.MOD", loadl;

isthe same astheinstructions bel ow but the robot can do some other work during
the loading time and also faster (only one link).

Load "ramldisk:DOORDIR/" \File:="DOOR2.MOD";
UnLoad "ram1disk:DOORDIR/" \File:="DOOR1.MOD";

Error handling

If the file specified in the SartLoad instruction cannot be found, the system variable
ERRNO isset to ERR_FILNOTFND at execution of WaitLoad.

If argument LoadNo refers to an unknown load session, the system variable ERRNO
Isset to ERR_UNKPROC.

If the moduleisalready loaded into the program memory, the system variable ERRNO
iIssetto ERR_LOADED.

The following errors can only occur when the argument \UnloadPath is used in the
instruction WaitLoad:

- If the program module specified in the argument \UnloadPath cannot be
unloaded because of ongoing execution within the module, the system variable
ERRNO isset to ERR_UNLOAD.

- If the program module specified in the argument \UnloadPath cannot be
unloaded because the program module is not loaded with Load or SartLoad-
WaitLoad from the RAPID program, the system variable ERRNO isalso set to
ERR_UNLOAD.

These errors can then be handled in the error handler.

Syntax

WaitL oad
[[’\" UnloadPath ;=" <expression) of string> ]
['\" UnloadFile ;=" <expressionl N) of string> ], ]
[ LoadNo ’:=" ] <variable YAR) of loadsession> ’;’
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WaitLoad

I nstructions

Related infor mation

Load a program module during execution
Load session

Load a program module

Unload a program module

Accept unsolved references

2-WaitLoad-6

Instructions - SartLoad
Data Types - loadsession
Instructions - Load
Instructions - UnLoad

System Parameters - Controller/Task/
BindRef
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| nstructions Vel Set

Vel Set Changestheprogrammed velocity

Vel St is used to increase or decrease the programmed velocity of all subsequent posi-
tioning instructions. Thisinstruction is also used to maximize the velocity.

Example
Vel Set 50, 800;
All the programmed velocities are decreased to 50% of the value in the instruc-
tion. The TCP velocity is not, however, permitted to exceed 800 mmy/s.
Arguments

VelSet Override Max

Override Data type: num
Desired velocity as a percentage of programmed velocity. 100% corresponds to
the programmed vel ocity.

M ax Datatype: num

Maximum TCP velocity in mm/s.

Program execution

The programmed velocity of all subsequent positioning instructions is affected until a
new Vel Set instruction is executed.

The argument Override affects:

- All velocity components (TCP, orientation, rotating and linear external axes) in
speeddata.

- The programmed velocity override in the positioning instruction (the
argument \V).

- Timed movements.
The argument Override does not affect:

- The welding speed in welddata.
- The heating and filling speed in seamdata.

The argument Max only affects the velocity of the TCP.
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Vel Set Instructions

The default valuesfor Override and Max are 100% and 5000 mm/srespectively. These
values are automatically set

- at acold start-up
- when anew program is loaded

- when starting program executing from the beginning.

Example

Vel Set 50, 800;

Movel pl, v1000, z10, tool1;
Movel p2, v2000, z10, tool1;
MovelL p3, v1000\T:=5, z10, tool1;

The speed is 500 mm/s to point p1 and 800 mm/sto p2. It takes 10 secondsto
move from p2 to p3.

Limitations

The maximum speed is not taken into consideration when the time is specified in the
positioning instruction.

Syntax

Vel Set

[ Override ":=" ] < expressionl\) of num> "’
[ Max :="] < expressionI(N) of num>";

Related information

Described in:
Definition of velocity Data Typesspeeddata
Positioning instructions RAPID Summarytotion
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| nstructions WHILE

WHILE Repeatsaslong as...

WHILE isused when anumber of instructionsareto be repeated aslong asagiven con-
dition is met.

If it is possible to determine the number of repetitions in advance, the FOR instruction
can be used.

Example
WHILE regl < reg2 DO

regl =regl +1,
ENDWHILE

Repeats the instructionsin the WHILE loop aslong asregl < reg2.

Arguments
WHILE Condition DO .. ENDWHILE

Condition Data type: bool

The condition that must be met for the instructionsin the WHILE loop to be exe-
cuted.

Program execution
7. The conditionis calculated. If the condition is not met, the WHILE loop terminates
and program execution continues with the instruction following ENDWHILE.
8. Theinstructions in the WHILE loop are executed.
9. The WHILE loop is repeated, starting from point 1.

Syntax

(EBNF)

WHILE <conditional expression> DO
<instruction list>

ENDWHILE
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WHILE Instructions

Related infor mation

Described in:
Expressions Basic Characteristics - Expressions
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Instructions Write

Write Writesto acharacter-based file or serial channel

Writeis used to write to a character-based file or serial channel. The value of certain
data can be written as well as text.

Examples
Write logfile, "Execution started”;
The text Execution started is written to the file with reference name lodfile.
Write logfile, "No of produced parts="\Num:=reg1;

The text No of produced parts=5, for example, is written to the file with the
reference name logfile (assuming that the contents of regl is 5).

Arguments

Write 10Device String [\Num] | [\Booal] | [\Pos] | [\Orient]
[\NoNewL in€]

|ODevice Datatype: iodev
The name (reference) of the current file or serial channel.

Sring Data type: string
The text to be written.

[\Num] (Numeric) Data type: num
The data whose numeric values are to be written after the text string.

[\Bool] (Boolean) Datatype: bool
The data whose logical values are to be written after the text string.

[\Pos]| (Position) Datatype: pos
The data whose position is to be written after the text string.

[\Orient] (Orientation) Datatype: orient
The data whose orientation is to be written after the text string.

[\NoNewL ine€] Datatype: switch

Omitsthe line-feed character that normally indicates the end of the text.
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Write

I nstructions

Program execution

Thetext string is written to a specified file or serial channel. If the argument
\NoNewLineis not used, aline-feed character (LF) is also written.

If one of the arguments \Num, \Bool, \Pos or \Orient is used, itsvalueisfirst converted
to atext string before being added to the first string. The conversion from value to text
string takes place as follows:

Argument Vaue Text string

\Num 23 "23"

\Num 1.141367 "1.14137"

\Bool TRUE "TRUE"

\Pos [1817.3,905.17,879.11] "[1817.3,905.17,879.11]"
\Orient [0.96593,0,0.25882,0] "[0.96593,0,0.25882,0]"

Thevaueisconverted to astring with standard RAPID format. Thismeansin principle
6 significant digits. If the decimal part isless than 0.000005 or greater than 0.999995,
the number is rounded to an integer.

Example

VAR iodev printer;

Open"siol.", printer\Write;
WHILE DInput(stopprod)=0 DO
produce_part;
Write printer, "Produced part="\Num:=regl\NoNewL ine;
Write printer, " "\NoNewL.ine;
Write printer, CTime();
ENDWHILE
Close printer;

A line, including the number of the produced part and the time, is output to a
printer each cycle. The printer is connected to serial channel siol:. The printed
message could look like this:

Produced part=473 09:47:15

Limitations

2-Write-2

The arguments \Num, \Bool, \Pos and \Orient are mutually exclusive and thus cannot
be used simultaneously in the same instruction.

Thisinstruction can only be used for files or serial channelsthat have been opened for
writing.
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Instructions Write

Error handling

If an error occurs during writing, the system variable ERRNO is set to
ERR_FILEACC. Thiserror can then be handled in the error handler.

Syntax

Write

[IODevice’:="] <variable(VAR) of iodev>’,

[String’:="] <expression(IN) of string>

[VNum”=" <expressior{IN) of num> ]
[VBool:=" <expressior{IN) of bool> ]
[VPos"=" <expressior(IN) of pos> ]
[\'Orient:=" <expressior(IN) of orient> ]

[V'NoNewLine]’;’

Related infor mation

Described in:
Opening a file or serial channel RAPID Summaommunication
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Instructions WriteBin

WriteBin Writesto a binary serial channel

WriteBin is used to write a number of bytesto abinary seria channel.

Example
WriteBin channel 2, text_buffer, 10;

10 characters from the text_buffer list are written to the channel referred to by
channel2.

Ar guments
WriteBin [|ODevice Buffer NChar
|ODevice Datatype: iodev
Name (reference) of the current serial channel.
Buffer Datatype: array of num
Thelist (array) containing the numbers (characters) to be written.
NChar (Number of Characters) Datatype: num

The number of characters to be written from the Buffer.

Program execution

The specified number of numbers (characters) inthelist iswritten to the serial channel.

Limitations

Thisinstruction can only be used for serial channelsthat have been opened for binary
reading and writing.

Error handling

If an error occurs during writing, the system variable ERRNO is set to
ERR_FILEACC. Thiserror can then be handled in the error handler.
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WkiteBin Instructions

Example

VAR iodev channel;

VAR num out_buffer{ 20} ;
VAR num input;

VAR num nchar;

Open "siol:", channel\Bin;

out_buffer{1} :=5; (enq)
WriteBin channel, out_buffer, 1;
input := ReadBin (channel \Time:= 0.1);

IF input = 6 THEN (ack)
out_buffer{1} :=2; (stx)
out_buffer{2} :=72; ('H")
out_buffer{3} := 101; ('e)
out_buffer{4} := 108; (r)
out_buffer{5} := 108; ('r)
out_buffer{6} := 111; ('0")
out_buffer{7} := 32; (')

out_buffer{8} := StrToByte("w"\Char); ('w’)
out_buffer{9} := StrToByte("0o"\Char); ('0’)
out_buffer{10} := StrToByte("r"\Char); ('r")
out_buffer{11} := StrToByte("I"\Char); (')

out_buffer{12} := StrToByte("d"\Char); ('d")

out_buffer{13} := 3; (etx)
WriteBin channel, out_buffer, 13;
ENDIF

The text stringHello world (with associated control characters) is written to a
serial channel. The functidarToByte is used in the same cases to convert a
string into abyte (hum) data.

Syntax

WriteBin
[IODevice’:="] <variable(VAR) of iodev>',’
[Buffer’:="] <array {*} ( IN) of num>";’
[NChar":="] <expressionI(N) of num>’;’
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| nstructions

WriteBin

Related infor mation

Opening (etc.) of serial channels
Convert astring to a byte data
Byte data

System DataTypes and Routines

Described in:

RAPID Summary - Communication
Functions - SrToByte
Data Types - byte
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2-WriteBin-4 System DataTypes and Routines



Instructions WriteStrBin

WriteSrBin  Writesastring to a binary serial channel

WriteSrBin (Write Sring Binary) is used to write a string to abinary serial channel or
binary file.

Example
WriteStrBin channel 2, "Hello World\OA";

The string "Hello World\OA" is written to the channel referred to by channel 2.
The string isin this case ended with new line \OA. All characters and hexadeci-
mal values written with WriteSrBin will be unchanged by the system.

Arguments
WriteSrBin  1ODevice Str
|ODevice Datatype: iodev
Name (reference) of the current serial channel.
Sr (Sring) Datatype: string

The text to be written.

Program execution

Thetext string is written to the specified serial channel or file.

Limitations

Thisinstruction can only be used for serial channels or filesthat have been opened for
binary reading and writing.

Error handling

If an error occurs during writing, the system variable ERRNO is set to
ERR_FILEACC. Thiserror can then be handled in the error handler.
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WkiteStrBin Instructions

Example

VAR iodev channel;
VAR num input;
Open "siol:", channel\Bin;

I Send the control character eng

WriteStrBin channel, "\05";

I Wait for the control character ack

input := ReadBin (channel \Time:= 0.1);

IFinput =6 THEN
I Send atext starting with control character stx and ending with etx
WriteStrBin channel, "\02Hello world\03";

ENDIF

Close channdl;

The text string Hello world (with associated control characters in hexadecimal)
iswritten to abinary serial channel.

Syntax

WriteStrBin
[IODevice’:="] <variable(VAR) of iodev>",’
[Str:="] <expression (N) of string>’;’

Related information

Described in:
Opening (etc.) of serial channels RAPID SummaBpmmunication
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Instructions WaitTime

WaitTime Waits a given amount of time

WaitTime is used to wait a given amount of time. This instruction can also be used to
wait until the robot and external axes have come to a standstill.

Example
WaitTime 0.5;

Program execution waits 0.5 seconds.

Arguments
WaitTime [\InPos] Time
[\InPosg]| Datatype: switch

If thisargument is used, the robot and external axes must have cometo a
standstill before the waiting time starts to be counted.

Time Data type: num

The time, expressed in seconds, that program execution isto wait.

Program execution

Program execution temporarily stops for the given amount of time. Interrupt handling
and other similar functions, nevertheless, are still active.

Example
WaitTime \InPos,0;
Program execution waits until the robot and the external axes have cometo a
standstill.
Limitations

If the argument \Inpos is used, the movement instruction which precedes this
instruction should be terminated with a stop point, in order to be able to restart in this
instruction following a power failure.

Argument \Inpos cannot be used together with SoftServo.
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WaitTime Instructions

Syntax

WaitTime
[VInPos',’]
[Time "="] <expression(IN) of num>’;’

Related information

Described in:
Waiting until a condition is met InstructiondaitUntil
Waiting until an I/O is set/reset Instructiom&itDI
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Instructions WaitUntil

WaitUntil Waits until a condition is met

WaitUntil isused to wait until alogical condition is met; for example, it can wait until
one or several inputs have been set.

Example
WaitUntil di4 = 1;

Program execution continues only after the di4 input has been set.

Arguments
WaitUntil [\InPos] Cond [\MaxTime] [\TimeFlag]
[\InPosg]| Datatype: switch

If this argument is used, the robot and external axes must have stopped moving
before the condition starts being evaluated.

Cond Data type: bool
Thelogical expression that isto be waited for.

[\MaxTime] Data type: num

The maximum period of waiting time permitted, expressed in seconds. If this
time runs out before the condition is set, the error handler will be called, if there
isone, with the error code ERR_WAIT_MAXTIME. If thereisno error handler,
the execution will be stopped.

[\TimeFlag] (Timeout Flag) Data type: bool

The output parameter that contains the value TRUE if the maximum permitted

waiting time runs out before the conditionis met. If this parameter isincluded in
the instruction, it is not considered to be an error if the max. time runsout. This
argument isignored if the MaxTime argument is not included in the instruction.

Program execution

If the programmed condition is not met on execution of aWaitUntil instruction, the
condition is checked again every 100 ms.

When the robot iswaiting, thetimeis supervised, and if it exceedsthe max timevalue,

the program will continue if a TimeFlag is specified, or raise an error if it's not. If a
TimeFlag is specified, this will be set to TRUE if the time is exceeded, otherwise it will
be set to false.
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Examples

VAR bool timeout;

WaitUntil start_input = 1 AND grip_status = 1\MaxTime := 60
\TimeFlag := timeout;

IF timeout THEN

TPWrite "No start order received within expected time";
ELSE

start_next_cycle;
ENDIF

If the two input conditions are not met within 60 seconds, an error message will
be written on the display of the teach pendant.

WaitUntil \Inpos, di4 = 1;

Program execution waits until the robot has come to a standstill and the di4 input
has been set.

Limitation

If the argument \Inpos is used, the movement instruction which precedes this instruc-

tion should be terminated with a stop point, in order to be able to restart in thisinstruc-
tion following a power failure.

Syntax

WaitUntil
[VInPos’)’]
[Cond ":="] <expressior{IN) of bool>
[VMaxTime ":='<expression(IN) of num>]
[\TimeFlag':=" <variable(VAR) of bool>] ’;’

Related infor mation

Described in:
Waiting until an input is set/reset Instructiond&itDI
Waiting a given amount of time InstructionB\aitTime
Expressions Basic CharacteristidSxpressions
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| nstructions WZBoxDef

WZBoxDef Define a box-shaped world zone

WZBoxDef (World Zone Box Definition) is used to define aworld zone that has the

shape of a straight box with all its sides parallel to the axes of the World Coordinate
System.

Example

corner2

cornerl

World Coordinate System

VAR shapedata volume;
CONST pos cornerl:=[200,100,100];
CONST pos corner2:=[600,400,400];

WZBoxDef \Inside, volume, cornerl, corner2;

Defineastraight box with coordinates parallel to the axes of theworld coordinate
system and defined by the opposite corners cornerl and corner2.

Arguments

WZBoxDef [\Inside] | [\Outside] Shape L owPoint HighPoint

\Inside Data type: switch

Define the volume inside the box.

\Outside Data type: switch

Define the volume outside the box (inverse volume).
One of the arguments \Inside or \Outside must be specified.

Shape Data type: shapedata
Variable for storage of the defined volume (private data for the system).
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L owPoint Data type: pos
Position (x,y,x) in mm defining one lower corner of the box.
HighPoint Data type: pos

Position (x,y,z) in mm defining the corner diagonally opposite to the previous
one.

Program execution

The definition of the box is stored in the variable of type shapedata (argument Shape),
for future use in WZLimSup or WZDOSet instructions.

Limitations

The LowPoint and HighPoint positions must be valid opposite corners (with different
X, y and z coordinate values).

If the robot isused to point out the LowPoint or HighPoint, work object wobj0 must be
active (use of component transin robtarget e.g. pl.trans as argument).

Syntax

WZBoxDef
[VIinside] | [VOutside] ',
[Shape’:="]<variable YAR) of shapedata>’,’
[LowPoint’:="]<expression (N) of pos>’;’
[HighPoint’:="]<expressionI(N) of pos>’;’

Related infor mation

Described in:
World Zones Motion and I/O Principles -
World Zones
World zone shape Data Typeshapedata
Define sphere-shaped world zone Instruction&Z SphDef
Define cylinder-shaped world zone Instructiond/ZCyl Def
Activate world zone limit supervision Instruction8\ZLim3up
Activate world zone digital output set Instructiond/ZDOSet
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Instructions WZCylDef

WZCylDef  Define a cylinder-shaped world zone

WZCylIDef (World Zone Cylinder Definition) isused to define aworld zone that hasthe

shape of acylinder with the cylinder axis parallel to the z-axis of the World Coordinate
System.

Example

R2 (min.5mm

H2 (min. 10 mm)

- LD ¢
World Coordinate System

VAR shapedata volume;
CONST pos C2:=[300,200,200];
CONST num R2:=100;

CONST num H2:=200;

WZCyIDef \Inside, volume, C2, R2, H2;

Defineacylinder with the centre of the bottom circlein C2, radius R2 and height
H2.

Arguments

WZCylIDef [\Inside] | [\Outside] Shape CentrePoint Radius Height

\Inside Data type: switch

Define the volume inside the cylinder.

\Outside Data type: switch

Define the volume outside the cylinder (inverse volume).

One of the arguments \Inside or \Outside must be specified.
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Shape Data type: shapedata
Variable for storage of the defined volume (private data for the system).

CentrePoint Data type: pos
Position (x,y,z) in mm defining the centre of one circular end of the cylinder.

Radius Data type: num

The radius of the cylinder in mm.

Height Data type: num

The height of the cylinder in mm.
If it ispositive (+z direction), the CentrePoint argument isthe centre of thelower
end of the cylinder (as in the above example).

If it isnegative (-z direction), the CentrePoint argument isthe centre of the upper
end of the cylinder.

Program execution

The definition of the cylinder is stored in the variable of type shapedata (argument
Shape), for future use in WZLimSup or WZDOS¢t instructions.

Limitations

If the robot isused to point out the CentrePoint, work object wobjO0 must be active (use
of component transin robtarget e.g. pl.trans as argument).

Syntax

WZCyIDef
[VInside] | [\'Outside]’,’
[Shape’:="]<variable YAR) of shapedata>’,’
[CentrePoint’:="]<expression N) of pos>’,’
[Radius’:="]<expressionI{N) of num>’’
[Height':="]<expression N) of num>’;’
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Instructions WZCylDef
Related information
Described in:
World Zones Motion and 1/0O Principles -
World Zones
World zone shape Data Types - shapedata

Define box-shaped world zone
Define sphere-shaped world zone
Activate world zone limit supervision
Activate world zone digital output set

System DataTypes and Routines

Instructions - WZBoxDef
Instructions - WZSphDef
Instructions - WZLimSup
Instructions - WZDOSet
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| nstructions WZDisable

WZDisable Deactivate temporary world zone supervision

WZDisable (World Zone Disable) is used to deactivate the supervision of atemporary
world zone, previously defined either to stop the movement or to set an output.

Example
VAR wztemporary wWzone;

PROC ...
WZLimSup \Temp, wzone, volume,
MovelL p_pick, v500, z40, tool 1;
WZDisable wzone;
Movel p_place, v200, z30, tool 1;
ENDPROC

When movingtop_pick, the position of the robot’s TCP is checked so that it will
not go inside the specified volumeone. This supervision is not performed
when going t@_place.

Arguments
WZDisable WorldZone

WorldZone Data typewztemporary

Variable or persistent variable of typetemporary, which contains the identity
of the world zone to be deactivated.

Program execution

The temporary world zone is deactivated. This means that the supervision of the
robot’s TCP, relative to the corresponding volume, is temporarily stopped. It can be re-
activated via th&VZEnable instruction.

Limitations

Only a temporary world zone can be deactivated. A stationary world zone is always
active.
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WZDisable

I nstructions

Syntax

WZDisable

[WorldZone’:="]<variable or persistentllOUT) of wztemporary>";’

Related infor mation

World Zones

World zone shape

Temporary world zone data

Activate world zone limit supervision
Activate world zone set digital output
Activate world zone

Erase world zone

2-WZDisable-2

Described in

Motion and I/O Principles -
World Zones

Data Typeshapedata
Data Typesztemporary
Instruction8\ZLimSup
Instructions/ZDOSet

InstructionsWZEnable
InstructiondV¥ZFree

System DataTypes and Routines
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WZDOSet Activateworld zoneto set digital output

WZDOSet (World Zone Digital Output Set) is used to define the action and to activate
aworld zone for supervision of the robot movements.

After this instruction is executed, when the robot’s TCP is inside the defined world
zone or is approaching close to it, a digital output signal is set to the specified value.

Example
VAR wztemporary service;

PROC zone_output()
VAR shapedata volume;
CONST pos p_service:=[500,500,700];

WZSphDef \Inside, volume, p_service, 50;
WZDOSet \Temp, service \Inside, volume, do_service, 1;
ENDPROC

Definition of temporary world zongervice in the application program, that sets
the signabo_service, when the robot’s TCP is inside the defined sphere during
program execution or when jogging.

Arguments
WZDOSet [\Temp] | [\Stat] WorldZone [\Inside] | [\Before] Shape
Signal SetValue
\Temp (Temporary) Data typeswitch

The world zone to define is a temporary world zone.
\Sat (Sationary) Data typeswitch
The world zone to define is a stationary world zone.
One of the argument3emp or \Sat must be specified.
WorldZone Data typewztemporary

Variable or persistent variable, that will be updated with the identity (numeric
value) of the world zone.

If use of switchTemp, the data type must lveztemporary.
If use of switchSat, the data type must lvezstationary.
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\Inside Data type: switch
The digital output signal will be set when the robot’s TCP is inside the defined
volume.

\Before Data typeswitch

The digital output signal will be set before the robot’s TCP reaches the defined
volume (as soon as possible before the volume).

One of the argumentinside or \Outside must be specified.

Shape Data typeshapedata
The variable that defines the volume of the world zone.

Signal Data typesignaldo
The name of the digital output signal that will be changed.
If a stationary worldzone is used, the signal must be write protected for access
from the user (RAPID, TP). Set Access = System for the signal in System
Parameters.

SetValue Data typedionum

Desired value of the signal (0 or 1) when the robot’s TCP is inside the volume or
just before it enters the volume.

When outside or just outside the volume, the signal is set to the opposite value.

Program execution

The defined world zone is activated. From this moment, the robot’s TCP position is
supervised and the output will be set, when the robot’s TCP position is inside the
volume {Inside) or comes close to the border of the voluhBefore).

Example
VAR wztemporary home;
VAR wztemporary service;
PERS wztemporary equipl:=[0];
PROC main()

I Definition of all temporary world zones
zone_output;

i.équipl in robot work area
WZEnable equipl;
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| nstructions WZDOSet

i"equipl out of robot work area
WZDisable equipl;

i"No use for equipl any more
WZFree equipl,

ENDPROC

PROC zone_output()
VAR shapedata volume,
CONST pos p_home:=[800,0,800];
CONST pos p_service:=[800,800,300];
CONST pos p_equipl:=[-800,-800,0];

WZSphDef \Inside, volume, p_home, 50;
WZzZDOSet \Temp, home\Inside, volume, do_home, 1;
WZSphDef \Inside, volume, p_service, 50;
WZDOSet \Temp, service\lnside, volume, do_service, 1,
WZCylDef \Inside, volume, p_equipl, 300, 1000;
WZLimSup \Temp, equipl, volume,
I equipl not in robot work area
WZDisable equipl;

ENDPROC

Definition of temporary world zones home and service in the application
program, that setsthe signals do_home and do_service, when the robot isinside
the sphere home or service respectively during program execution or when

jogaing.

Also, definition of atemporary world zone equipl, which is active only in the
part of the robot program when equipl isinside the working area for the robot.
At that time the robot stops before entering the equipl volume, both during
program execution and manual jogging. equipl can be disabled or enabled from
other program tasks by using the persistent variable equipl value.

Limitations

A world zone cannot be redefined by using the same variable in the argument
WorldZone.

A stationary world zone cannot be deactivated, activated again or erased inthe RAPID
program.

A temporary world zone can be deactivated (WZDisable), activated again (WZEnable)
or erased (WZFree) in the RAPID program.
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Syntax

WZDOSet
(\'Temp) | (\V'Stat) ')
[WorldZone’:="]<variable or persistent l{OUT) of wztemporary>
(VInside) | (\'Before) ’,
[Shape’:="|<variable YAR) of shapedata>’,’
[Signal':="]<variable /AR) of signaldo>’’
[SetValue’:="]<expressionl ) of dionum>’;’

Related information

Described in:
World Zones Motion and I/O Principles -
World Zones
World zone shape Data Typeshapedata
Temporary world zone Data Typeszemporary
Stationary world zone Data Typesvzstationary
Define straight box-shaped world zone Instructio&BoxDef
Define sphere-shaped world zone Instruction&Z SphDef
Define cylinder-shaped world zone Instruction&’ZCyl Def
Activate world zone limit supervision Instruction8\ZLim3up
Signal access mode User’s Guide - System Parameters
I/O Signals
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WZEnable Activate temporary world zone supervision

WZEnable (World Zone Enable) is used to re-activate the supervision of atemporary
world zone, previously defined either to stop the movement or to set an output.

Example
VAR wztemporary wWzone;

PROC ...
WZLimSup \Temp, wzone, volume,
MovelL p_pick, v500, z40, tool 1;
WZDisable wzone;
Movel p_place, v200, z30, tool 1;
WZEnable wzone;
Movel p_home, v200, z30, tool1;
ENDPROC

When moving to p_pick, the position of the robot’s TCP is checked so that it will
not go inside the specified volumeone. This supervision is not performed
when going t@_place, but is reactivated before goinggohome

Arguments
WZEnable WorldZone
WorldZone Data typewztemporary

Variable or persistent variable of the tygstemporary, which contains the
identity of the world zone to be activated.

Program execution

The temporary world zone is re-activated.
Please note that a world zone is automatically activated when it is created. It need only

be re-activated when it has previously been deactivat&dn)sable.

Limitations

Only a temporary world zone can be deactivated and reactivated. A stationary world
zone is always active.
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WZEnable

I nstructions

Syntax

WZEnable

[WorldZone’:="]<variable or persistentllOUT) of wztemporary>";’

Related information

World Zones

World zone shape

Temporary world zone data

Activate world zone limit supervision
Activate world zone set digital output
Deactivate world zone

Erase world zone

2-WZEnable-2

Described in

Motion and I/O Principles -
World Zones

Data Typeshapedata
Data Typegztemporary
Instruction8\ZLimSup
Instruction8ZDOSet
Instruction$\/ZDisable
Instructiond\ZFree
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WZFree Erasetemporary world zone supervision

WZFree (World Zone Free) is used to erase the definition of atemporary world zone,
previously defined either to stop the movement or to set an output.

Example
VAR wztemporary wWzone;

PROC ...
WZLimSup \Temp, wzone, volume,
MovelL p_pick, v500, z40, tool 1;
WZDisable wzone;
Movel p_place, v200, z30, tool 1;
WZEnable wzone;
Movel p_home, v200, z30, tool1;
WZFree wzone;

ENDPROC

When moving to p_pick, the position of the robot’s TCP is checked so that it will
not go inside a specified volumeone. This supervision is not performed when
going top_place, but is reactivated before goinggchome. When this position

Is reached, the world zone definition is erased.

Arguments
WZFree WorldZone

WorldZone Data typewztemporary

Variable or persistent variable of the tygstemporary, which contains the
identity of the world zone to be erased.

Program execution
The temporary world zone is first deactivated and then its definition is erased.

Once erased, a temporary world zone cannot be either re-activated nor deactivated.

Limitations

Only a temporary world zone can be deactivated, reactivated or erased. A stationary
world zone is always active.
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WZFree

I nstructions

Syntax

WZFree

[WorldZone’:="]<variable or persistentlOUT) of wztemporary>’;’

Related information

World Zones

World zone shape

Temporary world zone data

Activate world zone limit supervision
Activate world zone set digital output
Deactivate world zone

Activate world zone

2-WZFree-2

Described in:

Motion and I/O Principles -
World Zones

Data Typeshapedata
Data Typegztemporary
Instruction8\ZLimSup
Instruction8ZDOSet
Instruction$\/ZDisable

InstructionsWZEnable
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WZLimSup Activateworld zonelimit supervision

WZLimSup (World Zone Limit Supervision) is used to define the action and to activate
aworld zone for supervision of the working area of the robot.

After this instruction is executed, when the robot’s TCP reaches the defined world
zone, the movement is stopped both during program execution and when jogging.

Example
VAR wzstationary max_workarea;

PROC POWER_ON()
VAR shapedata volume;

WZBoxDef \Outside, volume, cornerl, corner2;
WZLimSup \Stat, max_workarea, volume;
ENDPROC

Definition and activation of stationary world zamex_workarea, with the shape

of the area outside a box (temporarily storegblome) and the action work-area
supervision. The robot stops with an error message before entering the area
outside the box.

Arguments
WZLimSup [\Temp] | [\Stat] WorldZone Shape
\Temp (Temporary) Data typeswitch
The world zone to define is a temporary world zone.
\Sat (Sationary) Data typeswitch
The world zone to define is a stationary world zone.
One of the argument3emp or \Sat must be specified.
WorldZone Data typewztemporary

Variable or persistent variable that will be updated with the identity (numeric
value) of the world zone.

If use of switchTemp, the data type must lveztemporary.
If use of switchSat, the data type must lrezstationary.
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Shape Data type: shapedata

The variable that defines the volume of the world zone.

Program execution

The defined world zone is activated. From this moment the robot’s TCP position is
supervised. If it reaches the defined area the movement is stopped.

Example

VAR wzstationary box1_invers;
VAR wzstationary box2;

PROC wzone_power_on()
VAR shapedata volume;
CONST pos box1_c¢1:=[500,-500,0];
CONST pos box1_c2:=[-500,500,500];
CONST pos box2_c1:=[500,-500,0];
CONST pos box2_c2:=[200,-200,300];

WZBoxDef \Outside, volume, box1 c1, box1_c2;
WZLimSup \Stat, box1_invers, volume;
WZzZBoxDef \Inside, volume, box2_c1, box2_c2;
WZLimSup \Stat, box2, volume;

ENDPROC

Limitation of work area for the robot with the following stationary world zones:

- Outside working area when outside box1_invers
- Outside working area when inside box2

If this routine is connected to the system event POWER ON, these world zones
will always be active in the system, both for program movements and manual

jogging.

Limitations
A world zone cannot be redefined using the same variable in argUvbedZone.

A stationary world zone cannot be deactivated, activated again or erased in the RAPID
program.

A temporary world zone can be deactivatd@Disable), activated againfZEnable)
or erased\WZFree) in the RAPID program.
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Instructions WZLimSup

Syntax

WZLimSup
[\Temp] | [\Stat]',’
[WorldZone’:="]<variable or persistent lOUT) of wztemporary>’,’
[Shape’:="] <variable YAR) of shapedata>’;’

Related infor mation

Described in
World Zones Motion and I/O Principles -
World Zones
World zone shape Data Typeshapedata
Temporary world zone Data Types/ztemporary
Stationary world zone Data Typesvzstationary
Define straight box-shaped world zone Instructio&ZBoxDef
Define sphere-shaped world zone Instructiod&SphDef
Define cylinder-shaped world zone InstructioNd/ZCyl Def
Activate world zone digital output set Instructions/ZDOSet
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Instructions WZSphDef

WZSphDef Define a sphere-shaped world zone

WZSphDef (World Zone Sphere Definition) is used to define aworld zone that has the
shape of a sphere.

Example
z A
Y c1
\ R1 (min. 5mm)
> X
World Coordinate System
VAR shapedata volume;

CONST pos C1:=[300,300,200];
CONST num R1:=200;

WZSphDef \Inside, volume, C1, R1;

Define a sphere named volume by its centre C1 and its radius R1.

Arguments

WZSphDef [\Inside] | [\Outside] Shape CentrePoint Radius

\Inside Data type: switch
Define the volume inside the sphere.

\Outside Data type: switch

Define the volume outside the sphere (inverse volume).

One of the arguments \Inside or \Outside must be specified.

Shape Data type: shapedata
Variable for storage of the defined volume (private datafor the system).
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WZSphDef Instructions

CentrePoint Data type: pos
Position (x,y,z) in mm defining the centre of the sphere.
Radius Data type: num

The radius of the sphere in mm.

Program execution

The definition of the sphereis stored in the variable of type shapedata (argument
Shape), for future use in WZLimSup or WZDOS¢t instructions.

Limitations

If the robot is used to point out the CentrePoint, work object wobjO must be active (use
of component transin robtarget e.g. pl.trans as argument).

Syntax

WZSphDef
[VInside] | [\'Outside]’,’
[Shape’:="]<variable YAR) of shapedata>’,’
[CentrePoint’:="]<expression N) of pos>’;’
[Radius’:="]<expressionI{N) of num>’;’

Related information

Described in
World Zones Motion and I/O Principles -
World Zones
World zone shape Data Typeshapedata
Define box-shaped world zone Instruction&/ZBoxDef
Define cylinder-shaped world zone Instructiond/ZCyl Def
Activate world zone limit supervision Instruction8\ZLim3up
Activate world zone digital output set Instructiond/ZDOSet
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Functions

CONTENTS
Abs Gets the absolute value
ACos Calculates the arc cosine value
AQutput Reads the value of an analog output signal
ArgName Gets argument name
ASin Calculates the arc sine value
ATan Calculates the arc tangent value
ATan2 Calculates the arc tangent2 value
ByteToStr Converts a byte to a string data
CDate Reads the current date as a string
ClointT Reads the current joint angles
ClkRead Reads a clock used for timing
Cos Calculates the cosine value
CPos Reads the current position (pos) data
CRobT Reads the current position (robtarget) data
CTime Reads the current time as a string
CTool Reads the current tool data
CWODb; Reads the current work object data
DefDFrame Define a displacement frame
DefFrame Define aframe
Dim Obtains the size of an array
DotProd Dot product of two pos vectors
DOutput Reads the value of a digital output signal
EulerzY X Gets Euler angles from orient
Exp Calculates the exponential value
FileTime Retrieve time information about afile
GOutput Reads the value of a group of digital output signals
GetTime Reads the current time as a numeric value
IsPers Is Persistent
IsVar IsVariable
MirPos Mirroring of a position
ModTime Get time of load for aloaded module
NOrient Normalise Orientation
NumToStr Converts numeric value to string
Offs Displaces arobot position
OpMode Read the operating mode
OrientZY X Builds an orient from Euler angles
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Functions

ORobT
Poselnv
PoseMult
PoseVect
Pow
Present
ReadBin
ReadM otor
ReadNum
ReadStr
Rel Tool
Round
RunMode
Sin

gt
StrFind
StrLen
StrMap
StrMatch
StrMemb
StrOrder
StrPart
StrToByte
StrTova
Tan
TestAndSet
TestDI
Trunc
ValToStr
VectMagn

Removes a program displacement from a position
Inverts the pose

Multiplies pose data

Applies atransformation to a vector
Calculates the power of avalue

Testsif an optional parameter is used
Reads from a binary serial channel or file
Reads the current motor angles

Reads a number from afile or the serial channel
Reads a string from afile or seria channel
Make a displacement relative to the tool
Round isanumeric value

Read the running mode

Calculates the sine value

Calculates the square root value
Searchesfor a character in a string
Getsthe string length

Maps astring

Search for pattern in string

Checksif a character belongsto a set
Checksif strings are ordered

Finds a part of astring

Converts a string to a byte data
Convertsastring to avalue

Calculates the tangent value

Test variable and set if unset

Testsif adigital input is set

Truncates a numeric value

Converts avalue to a string

Magnitude of a pos vector
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Functions Abs

Abs Getsthe absolute value

Abs is used to get the absolute value, i.e. a positive value of numeric data.

Example

regl := Abs(reg2);

Regl is assigned the absolute value of reg2.

Return value Data type: num

The absolute value, i.e. a positive numeric value.

eg. Input value Returned value
3 3
-3 3
-2.53 2.53
Arguments
Abs (Input)
I nput Datatype: num

The input value.

Example

TPReadNum no_of _parts, "How many parts should be produced?";
no_of parts:= Abs(no_of parts);

The operator isasked to input the number of partsto be produced. To ensure that
the value is greater than zero, the value given by the operator is made positive.

Syntax

Abs ’(
[ Input ;=" ] < expressionI(N) of num>")’

A function with a return value of the data tymen.
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Abs Functions

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summary - Mathematics
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Functions ACos

ACos Calculatesthe arc cosine value

ACos (Arc Cosine) is used to calculate the arc cosine value.

Example

VAR num angle;
VAR num value;

éngle := ACos(value);

Return value Data type: num

The arc cosine value, expressed in degrees, range [0, 180].

Arguments

ACos (Value)
Value Data type: num

The argument value, range [-1, 1].

Syntax

Acos’(’
[Value ":=’] <expressionI(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions AQutput

AOutput Reads the value of an analog output signal

AOQutput is used to read the current value of an analog output signal.

Example
IF AQutput(ao4) > 5 THEN ...

If the current value of the signal ao4 is greater than 5, then ...

Return value Data type: num
The current value of the signal.

The current valueis scaled (in accordance with the system parameters) beforeit isread
by the RAPID program. See Figure 33.

Physical value of the
output signal (V, mA, etc.)
A
MAX giGNAL .

| MAX progRrAM

» Logical valueinthe

program
MIN proGrAM
- MIN gGNAL
Figure 33 Diagram of how analog signal values are scaled.
Arguments
AOutput (Signal)
Signal Datatype: signalao

The name of the analog output to be read.
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AQutput Functions

Syntax

AOutput ("
[ Signal ":=" ] < variable YAR) of signalao > )’

A function with a return value of data typem.

Related information

Described in:
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 User’s GuideSystem Parameters
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Functions ArgName

ArgName Getsargument name

ArgName (Argument Name) is used to get the name of the original data object for the
current argument or the current data.

Example
VAR num abc123 :=5;
|.o"rocl abcl23;

PROC procl (num parl)
VAR string parstring;

parstring:=ArgName(parl);
TPWrite "Argument name "+parstring+" with value "\Num:=par1l;
ENDPROC

The variable parstring is assigned the string value "abc123". On TP the follow-
ing string is written: "Argument name abc123 with value 5".

Return value Data type: string

The original data object name.

Arguments
ArgName (Parameter)

Parameter Datatype: anytype

Theformal parameter identifier (for the routine in which ArgNameislocated) or
the data identity.

Program execution

The function returns the original data object name for an entire object of the type con-
stant, variable or persistent. The original data object can beglobal, local inthe program
module or local in aroutine (normal RAPID scope rules).

If it isa part of a data object, the name of the whole data object is returned.
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Example

Convert from identifier to string
This function can also be used to convert from identifier to string, by stating the iden-
tifier in the argument Parameter for any data object with global, local in module or
local in routine scope:
VAR num chales :=5;
BIrocl;

PROC procl ()
VAR string name;

Hérne::ArgNarne(chal es);
TPWrite "Global data object "+namet+" has value "\Num:=chales;
ENDPROC

The variable name is assigned the string value "chales’ and on TP the following
string is written: "Global data object chales has value 5".

Routine call in several steps
Note that the function returns the original data object name:
VAR num chales :=5;
b"rocl chaes;
i:;ROC procl (num parameterl)
|'o“r002 parameterl;
ENDPROC

PROC proc2 (num parl)
VAR string name;

Héme: =ArgName(parl);
TPWrite "Original data object name "+name+" with value "\Num:=par1,
ENDPROC

The variable nameis assigned the string value "chales" and on TP the following
string is written: "Original data object name charles with value 5.
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Functions ArgName

Error handling

If one of the following errors occurs, the system variable ERRNO is set to
ERR_ARGNAME:

- Argument is expression value
- Argument is not present
- Argument is of type switch

This error can then be handled in the error handler.

Syntax

ArgName '(’
[ Parameter’:=" | < referencdkEF) of any type> ')’

A function with a return value of the data tygieng.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions ASin

ASIn Calculatesthe arc sinevalue

ASn (Arc Sne) is used to calculate the arc sine value.

Example

VAR num angle;
VAR num value;

éngle := ASin(value);

Return value Data type: num

The arc sine value, expressed in degrees, range [-90, 90].

Arguments
ASn (Value)
Value Data type: num
The argument value, range [-1, 1].
Syntax
ASin’(’

[Value ":=’] <expressionI(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions ATan

ATan Calculatesthe arc tangent value

ATan (Arc Tangent) is used to calculate the arc tangent value.

Example

VAR num angle;
VAR num value;

éngl e:= ATan(vaue);

Return value Data type: num

The arc tangent value, expressed in degrees, range [-90, 90].

Arguments

ATan (Value)
Value Data type: num

The argument value.

Syntax

ATan’(’
[Value ":=’] <expressionI(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
Arc tangent with a return value in the Functiomslan2

range [-180, 180]
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Functions ATan?2

ATan2 Calculatesthe arc tangent2 value

ATan2 (Arc Tangent2) is used to calculate the arc tangent2 value.

Example
VAR num angle;

VAR num x_value;
VAR numy value,

éngl e:= ATan2(y_value, x_value);

Return value Data type: num
The arc tangent value, expressed in degrees, range [-180, 180].

The value will be equal to ATan(y/x), but in the range [-180, 180], since the function
uses the sign of both arguments to determine the quadrant of the return value.

Ar guments
ATan2 (Y X)
Y Datatype: num
The numerator argument value.
X Datatype: num
The denominator argument value.
Syntax
ATan2'(’

[Y ':="] <expression (N) of num> "/
[X :="] <expression (N) of num>

A function with a return value of the data typen.
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Related infor mation

Described in:
Mathematical instructions and functions RAPID Summary - Mathematics
Arc tangent with only one argument Functions - ATan
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Functions ByteToStr

ByteToStr Convertsabytetoastring data

ByteToSr (Byte To Sring) is used to convert a byte into a string data with a defined
byte data format.

Example

VAR string con_data_buffer{ 5} ;
VAR byte datal := 122;

con_data buffer{1} := ByteToStr(datal);

The content of the array component con_data_buffer{1} will be "122" after the
ByteToSr ... function.

con_data buffer{2} := ByteToStr(datal\Hex);

The content of the array component con_data_buffer{2} will be"7A" after the
ByteToSr ... function.

con_data buffer{ 3} := ByteToStr(datal\Okt);

The content of the array component con_data_buffer{3} will be "172" after the
ByteToSr ... function.

con_data buffer{4} := ByteToStr(datal\Bin);

The content of the array component con_data_buffer{4} will be"01111010" after
the ByteToSr ... function.

con_data buffer{5} := ByteToStr(datal\Char);

The content of the array component con_data_buffer{5} will be "z" after the
ByteToSr ... function.

Return value Data type: string

The result of the conversion operation with the following format:

Format: Characters: String length:  Range:

Dec ...... 0 -9 1-3 "0" - "255"

Hex .....: '0'-'9,'A -'F 2 "00" - "FF"

Okt ......: 0 -7 3 "000" - "377"

Bin ......: 0 - 8 "00000000" -
"11111111"

Char ....: Writable ASCII char 1 ASCII table (*)
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ByteToStr Functions

(*) If non-writable ASCII char, the return format will be RAPID character code
format (e.g. “\O7” for BEL control character).

Arguments
ByteToStr (ByteData [\Hex] | [\Okt] | [\Bin] | [\Char])
ByteData Data typebyte
The byte data to be converted.

If the optional switch argument is omitted, the data will be convertdetimal (Dec)
format.

[\Hex] (Hexadecimal) Data typeswitch
The data will be converted rexadecimal format.

[\Okt] (Octal) Data typeswitch
The data will be converted ottal format.

[\Bin] (Binary) Data typeswitch
The data will be converted binary format.

[\Char] (Character) Data typeswitch

The data will be converted #&SCII character format.

Limitations

The range for a data tyjpgte is O to 255 decimal.

Syntax

ByteToStr'(’
[ByteData ":="] <expressionl () of byte>
[VHex]| [V Okt] | 'V Bin] | [\ Char]
’)l

A function with a return value of the data tygieng.
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Functions Pow

Related infor mation

Described in:
Convert astring to a byte data Instructions - SrToByte
Other bit (byte) functions RAPID Summary - Bit Functions
Other string functions RAPID Summary - String Functions
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Functions CDate

CDate Readsthecurrent dateasastring

CDate (Current Date) is used to read the current system date.

This function can be used to present the current date to the operator on the teach pen-
dant display or to paste the current date into atext file that the program writes to.

Example
VAR string date;
date := CDate();

The current date is stored in the variable date.

Return value Data type: string
The current date in a string.

The standard date format is “year-month-day”, e.g. "1998-01-29".

Example
date := CDate();
TPWrite “The current date is: “+date;
Write logfile, date;

The current date is written to the teach pendant display and into a text file.

Syntax

CDate (")

A function with a return value of the tygging.

Related | nfor mation

Described in:
Time instructions RAPID SummarySystem & Time
Setting the system clock User’s Guidgervice
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Functions ClointT

ClointT Readsthe current joint angles

CJlointT (Current Joint Target) is used to read the current angles of the robot axes and
external axes.

Example
VAR jointtarget joints;
joints := CJointT();

The current angles of the axesfor the robot and external axesare stored injoints.

Return value Data type: jointtarget
The current angles in degrees for the axes of the robot on the arm side.

The current valuesfor the external axes, inmmfor linear axes, in degreesfor rotational
axes.

The returned values are related to the calibration position.

Syntax
CJointT’'(")’

A function with a return value of the data tyjpenttarget.

Related infor mation

Described in:
Definition of joint Data Types jointtarget
Reading the current motor angle FunctiofeadMotor
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Functions ClkRead

ClkRead Reads a clock used for timing

ClkRead is used to read a clock that functions as a stop-watch used for timing.

Example
regl:=ClkRead(clock1);

The clock clockl isread and the timein seconds is stored in the variable regl.

Return value Data type: num

Thetime in seconds stored in the clock. Resolution 0.010 seconds.

Argument
ClkRead (Clock)
Clock Data type: clock

The name of the clock to read.

Program execution
A clock can be read when it is stopped or running.
Once aclock isread it can be read again, started again, stopped or reset.

If the clock has overflowed, program execution is stopped with an error message.

Syntax

ClkRead '(’
[ Clock :=" ] < variable YAR) of clock > )’

A function with a return value of the typem.
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ClkRead

Functions

Related Information

Clock instructions
Clock overflow
More examples

3-ClkRead-2

Described in:

RAPID Summary - System & Time
Data Types - clock
Instructions - ClkStart
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Functions Cos

Cos Calculatesthe cosine value

Cos (Cosine) is used to calculate the cosine value from an angle value.

Example

VAR num angle;
VAR num value;

;/al ue := Cos(angle);

Return value Data type: num

The cosinevalue, range =[-1, 1] .

Arguments
Cos (Angle)
Angle Data type: num
The angle value, expressed in degrees.
Syntax
Cos’(’

[Angle ":="] <expression I(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions CPos

CPos Readsthe current position (pos) data

CPos (Current Position) is used to read the current position of the robot.

Thisfunction returnsthe x, y, and z values of the robot TCP as data of type pos. If the
complete robot position (robtarget) isto be read, use the function CRobT instead.

Example
VAR pos posl;
posl := CPos(\Tool:=tool 1 \WObj:=wobj0);

The current position of the robot TCPis stored in variable posl. The tool tool1
and work object wobj0 are used for calculating the position.

Return value Data type: pos

The current position (pos) of the robot with x, y, and z in the outermost coordinate sys-
tem, taking the specified tool, work object and active ProgDisp coordinate system into
consideration.

Arguments
CPos ([\Tool] [\WObj])
[\Tool] Data type: tooldata
The tool used for calculation of the current robot position.
If this argument is omitted the current active tool is used.
[\WObj] (Work Object) Data type: wobjdata

Thework object (coordinate system) to which the current robot position returned
by the function is related.

If this argument is omitted the current active work object is used.
When programming, it isvery sensibleto always specify arguments\Tool and \WODb;.

The function will always then return the wanted position, although some other tool or
work object has been activated manually.
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CPos

Functions

Program execution

The coordinates returned represent the TCP position in the ProgDisp coordinate sys-
tem.

Example

VAR pos pos2;
VAR pos pos3;
VAR pos pos4,

pos2 := CPos(\Tool:=grip3 \WObj:=fixture);

bosS := CPos(\Tool:=grip3 \WODbj:=fixture);
pos4 ;= pos3-posz;

Thex, y, and z position of the robot is captured at two places within the program
using the CPos function. The tool grip3 and work object fixture are used for cal-
culating the position. The x, y and z distances travelled between these positions
are then calculated and stored in the pos variable posa.

Syntax

CPos '(
[VTool ;=" <persistent PERS) of tooldata>]
[VWODbj ".=" <persistent PERS) of wobjdata>] ')’

A function with a return value of the data types.

Related infor mation

3-CPos-2

Described in:

Definition of position Data Typespos

Definition of tools Data Typedooldata

Definition of work objects Data Typesnobjdata

Coordinate systems Motion and I/O Principlé3oordi-
nate Systems

Reading the currembbtarget Functions -CRobT
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Functions CRobT

CRobT Readsthe current position (robtarget) data

CRobT (Current Robot Target) is used to read the current position of the robot and
external axes.

This function returns a robtarget value with position (X, y, z), orientation (g1 ... g4),
robot axes configuration and external axes position. If only thex, y, and z values of the
robot TCP (pos) are to be read, use the function CPos instead.

Example
VAR robtarget p1;
pl := CRobT(\Tool:=tool 1 \WObj:=wobj0);

The current position of the robot and external axesis stored in p1. Thetool tool1
and work object wobj0 are used for calculating the position.

Return value Data type: robtarget

The current position of the robot and external axesin the outermost coordinate system,
taking the specified tool, work object and active ProgDisp/ExtOffs coordinate system
into consideration.

Arguments

CRobT ([\Tool] [\WODbj])

[\Tool] Datatype: tooldata
The tool used for calculation of the current robot position.
If this argument is omitted the current active tool is used.

[\WODbj] (Work Object) Datatype: wobjdata

Thework object (coordinate system) to which the current robot position returned
by the function is related.

If this argument is omitted the current active work object is used.
When programming, it isvery sensible to always specify arguments\Tool and \WODb;.

The function will always then return the wanted position, although some other tool or
work object has been activated manually.
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CRobT

Functions

Program

execution

The coordinates returned represent the TCP position in the ProgDisp coordinate sys-
tem. External axes are represented in the ExtOffs coordinate system.

Example

VAR robtarget p2;

p2 := ORobT( RobT(\Tool:=grip3 \WObj:=fixture) );

The current position in the object coordinate system (without any ProgDisp or
ExtOffs) of the robot and external axesis stored in p2. The tool grip3 and work
object fixture are used for calculating the position.

Syntax

CRobT'(’

[VTool ":=’ <persistent PERS) of tooldata>]
[VWODbj =" <persistent PERS) of wobjdata>] ')’

A function with a return value of the data ty@btarget.

Related information

3-CRobT-2

Definition of position
Definition of tools
Definition of work objects
Coordinate systems

ExtOffs coordinate system
Reading the curremios (X, y, z only)

Described in:
Data Typesrobtarget
Data Typedooldata
Data Typesnobjdata

Motion and I/O Principlé3oordi-
nate Systems

InstructionEOffsOn
Functions €Pos
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Functions CTime

CTime Readsthecurrent timeasastring

CTime isused to read the current system time.

This function can be used to present the current time to the operator on the teach pen-
dant display or to paste the current time into a text file that the program writes to.

Example
VAR string time;
time := CTime();

The current timeis stored in the variable time.

Return value Data type: string
The current time in a string.

The standard time format is "hours:minutes;seconds’, e.g. "18:20:46".

Example

time := CTime();
TPWrite “The current time is: “+time;
Write lodfile, time;

The current time is written to the teach pendant display and written into a text
file.

Syntax
CTime ()

A function with a return value of the tygging.
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CTime Functions

Related Information

Described in:
Time and date instructions RAPID Summary - System & Time
Setting the system clock User’s Guide System Parameters
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Functions CTool

CTool Readsthe current tool data

CTool (Current Tool) is used to read the data of the current tool.

Example
PERS tooldata temp_tool;
temp_tool := CTool();

The value of the current tool is stored in the variable temp_tool.

Return value Data type: tooldata

Thisfunction returns atool data val ue hol ding the value of the current toal, i.e. the tool
last used in a movement instruction.

Thevaluereturned representsthe TCP position and orientation in thewrist centre coor-
dinate system, see tooldata.

Syntax
CTool'(")’

A function with a return value of the data tyipeldata.

Related infor mation

Described in:

Definition of tools Data Typedooldata

Coordinate systems Motion and I/O Principlé3oerdi-
nate Systems
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Functions CWObj

CWODbj Readsthe current work object data

CWONbj (Current Work Object) is used to read the data of the current work object.

Example
PERS wobjdata temp_wobj;
temp_wobj := CWObj();

The value of the current work object is stored in the variable temp_waobj.

Return value Data type: wobjdata

This function returns a wobjdata value holding the value of the current work object,
i.e. the work object last used in a movement instruction.

The value returned represents the work object position and orientation in the world
coordinate system, see wobjdata.

Syntax
CWODbj (")

A function with a return value of the data typebjdata.

Related infor mation

Described in:

Definition of work objects Data Typesvobjdata

Coordinate systems Motion and I/O Principlé3oerdi-
nate Systems
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Functions

DefDFrame

DefDFrame

Define a displacement frame

DefDFrame (Define Displacement Frame) is used to cal cul ate a displacement frame
from three original positions and three displaced positions.

Example

p3

p5

p4

pl

p2

Three positions, pl- p3, related to an object in an original position, have been stored.
After adisplacement of the object the same positions are searched for and stored as
p4-p6. From these six positions the displacement frame is calculated. Then the
calculated frame is used to displace all the stored positions in the program.

CONST robtarget pl :=
CONST robtarget p2 :
CONST robtarget p3:
VAR robtarget p4,
VAR robtarget p5;
VAR robtarget p6;
VAR pose framel,;

I,
;

[..
[..
[..]

iSearch for the new positions
SearchL senl, p4, *, v50, tool 1;

SearchL send, p5, *, v50, tool 1;

SearchL senl, p6, *, v50, tool 1,
framel .= DefDframe (p1, p2, p3, p4, p5, pb);

iactivation of the displacement defined by framel
PDispSet framel,

Return value

Datatype: pose

The displacement frame.
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DefDFrame Functions

Arguments
DefDFrame (OldP1 OIldP2 OIdP3 NewP1l NewP2 NewP3)
OldP1 Data type: robtarget
Thefirst original position.
OldP2 Datatype: robtarget
The second original position.

OldP3 Datatype: robtarget
Thethird original position.

NewP1 Data type: robtarget
Thefirst displaced position. Thisposition must be measured and determined with
great accuracy.

NewP2 Data type: robtarget

The second displaced position. It should be noted that this position can be
measured and determined with less accuracy in one direction, e.g. this position
must be placed on aline describing the new direction of pl to p2.

NewP3 Data type: robtarget

Thethird displaced position. This position can be measured and determined with
less accuracy in two directions, e.g. it has to be placed in a plane describing the
new plane of p1, p2 and p3.

Syntax

DefDFrame’(’
[OldP1 ":="] <expressionI(N) of robtarget> ')’
[OldP2 ".="] <expressionl(N) of robtarget> ')’
[OldP3 ":="] <expressionl(N) of robtarget> '/’
[NewP1 ’:="] <expressionlI{\) of robtarget> '/’
[NewP2 ’:="] <expressionlI{N) of robtarget> ’,’
[NewP3 ’:="] <expressionl{\) of robtarget> ')’

A function with a return value of the data typese.

Related information

Described in:
Activation of displacement frame InstructionBBispSet
Manual definition of displacement frame User’s Guideatibration
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Functions DefFrame

DefFrame Define a frame

DefFrame (Define Frame) is used to calculate aframe, from three positions defining

the frame.
Example

y
z p3
A 2 .
X
p2
y
framel
1
- p
object frame X

Three positions, p1- p3, related to the object coordinate system, are used to define the
new coordinate system, framel. Thefirst position, p1, isdefining the origin of framel,
the second position, p2, is defining the direction of the x-axis and the third position,
p3, is defining the location of the xy-plane. The defined framel may be used asa
displacement frame, as shown in the example below:

I;
I;
I,

CONST robtarget p1 :=]...
CONST robtarget p2 :=]...
CONST robtarget p3 :=1...
VAR pose framel;

1"rame1 := DefFrame (p1, p2, p3);

iactivation of the displacement defined by framel
PDispSet framel,

Return value Data type: pose
The calculated frame.

The calculation is related to the active object coordinate system.
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DefFrame Functions

Arguments

DefFrame (NewP1 NewP2 NewP3 [\Origin])
NewP1 Data type: robtarget

The first position, which will define the origin of the new frame.

NewP2 Datatype: robtarget
The second position, which will define the direction of the x-axis of the new
frame.

NewP3 Data type: robtarget

Thethird position, which will define the xy-plane of the new frame. The position
of point 3 will be on the positivey side, see the figure above.

[\Origin] Data type: num

Optional argument, which will define how the origin of the frame will be placed.
Origin = 1, meansthat the origin is placed in NewP1, i.e. the same asif this
argument isomitted. Origin = 2 meansthat the originisplaced in NewP2, seethe

figure below.

ZA z y
New P3
°
X
y New P2

i > framel

object frame X New P1

Origin =3 meansthat the origin is placed on the line going through NewP1 and NewP2
and so that NewP3 will be placed on the y axis, see the figure below.
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Functions DefFrame

New P3

y New P2

>
X framel

object frame New P1

Other values, or if Originisomitted, will place the origin in NewP1.

Limitations

Thethree positions pl - p3, defining the frame, must define awell shaped triangle. The
most well shaped triangle is the one with all sides of equal length.

Thetriangleisnot considered to be well shaped if the angle 6 aistoo small. Theangle
0 istoo smal if:

|cos@| <1 - 10_4

Thetriangle p1, p2, p3 cannot be too small i.e. the positions cannot be too close. The
distances between the positions pl - p2 and pl - p3 cannot be shorter then 0.1 mm.

Error handling

If the frame cannot be cal culated because of the above limitations, the system variable
ERRNO isset to ERR_FRAME. Thiserror can then be handled in the error handler.
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Syntax

DefFrame’(’
[NewP1 ’:="] <expressionlI{\) of robtarget> '’
[NewP2 ’:="] <expressionlI{N) of robtarget> ',
[NewP3 ’:="] <expressionl{\) of robtarget>
['\' Origin ":=" <expressionI(N) of num> ]’

A function with a return value of the data typese.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summavathematics
Activation of displacement frame InstructionBBispSet
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Functions Dim

Dim Obtainsthe size of an array

Dim (Dimension) is used to obtain the number of elementsin an array.

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

All elements of anum array are multiplied by afactor.
This procedure can take any one-dimensional array of datatype numasan input.

Return value Data type: num

The number of array elements of the specified dimension.

Arguments
Dim (ArrPar DimNo)
ArrPar (Array Parameter) Datatype: Any type
The name of the array.
DimNo (Dimension Number) Datatype: num
The desired array dimension: 1 = first dimension

2 = second dimension
3 = third dimension
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Example
PROC add_matrix(VAR num array1{* * *}, num array2{* * *})

IF Dim(arrayl1,1) <> Dim(array2,1) OR Dim(array1,2) <> Dim(array2,2) OR
Dim(arrayl1,3) <> Dim(array2,3) THEN
TPWrite "The size of the matrices are not the same”;
Stop;
ELSE
FORi1 FROM 1 TO Dim(arrayl, 1) DO
FORi2 FROM 1 TO Dim(arrayl, 2) DO
FOR i3 FROM 1 TO Dim(arrayl, 3) DO
arrayl{i1,i2,i3} ;= arrayl{il1,i2,i3} + array2{il,i2,i3};
ENDFOR
ENDFOR
ENDFOR
ENDIF
RETURN;

ENDPROC

Two matrices are added. If the size of the matrices differs, the program stops and
an error message appears.

This procedure can take any three-dimensional arrays of datatype num as an
input.

Syntax

Dim’(’
[ArrPar’:="] <reference REF) of any type> "’/
[DimNo’:="] <expression [N) of num>")’

A REF parameter requires that the corresponding argument be either a constant, a vari-
able or an entire persistent. The argument could also be an IN parameter, a VAR param-
eter or an entire PERS parameter.

A function with a return value of the data tymen.

Related infor mation

Described in:
Array parameters Basic Characteristi¢outines
Array declaration Basic CharacteristicBata
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Functions DotProd

DotProd Dot product of two pos vectors

DotProd (Dot Product) is used to calculate the dot (or scalar) product of two pos vec-
tors. Thetypica useisto calculate the projection of one vector upon the other or to
calculate the angle between the two vectors.

Example

; B
|
|
| eAB

L— — >
|
|

5] coseAB| |Al |

Thedot or scalar product of two vectors A and B isa scalar, which equals the products
of the magnitudes of A and B and the cosine of the angle between them.

A[B = |Al|B|cosH,s

The dot product:

* is less than or equal to the product of their magnitudes.

* can be either a positive or a negative quantity, depending whether the angle between
them is smaller or larger then 90 degrees.

* is equal to the product of the magnitude of one vector and the projection of the oth
vector upon the first one.

« is zero when the vectors are perpendicular to each other.

The vectors are described by the data fygsand the dot product by the data type
num:

VAR num dotprod;
VAR pos vectorl;
VAR pos vectorz,

;/ectorl =[1,1,1];
vector2 :=[1,2,3];
dotprod := DotProd(vectorl, vector2);
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Return value Data type: num

The value of the dot product of the two vectors.

Ar guments
DotProd (Vectorl Vector?2)
Vector 1 Datatype: pos
Thefirst vector described by the pos data type.
Vector 2 Datatype: pos

The second vector described by the pos data type.

Syntax

DotProd’(’
[Vectorl ":=’] <expressionl(N) of pos> '/’
[Vector2 ':=’] <expressionl(N) of pos>

)

A function with a return value of the data tymem.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadwathematics
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Functions DOutput

DOutput Reads the value of a digital output signal

DOutput is used to read the current value of adigital output signal.

Example
IF DOutput(do2) =1 THEN . . .

If the current value of the signal do2 isequal to 1, then . . .

Return value Data type: dionum

The current value of the signal (0 or 1).

Arguments
DOutput (Signal)
Signal Datatype: signaldo

The name of the signal to be read.

Program execution

The value read depends on the configuration of the signal. If the signal isinvertedin
the system parameters, the value returned by this function is the opposite of the true
value of the physical channel.

Example
|F DOutput(auto_on) <> active THEN . . .
If the current value of the system signal auto_on is not active, then ..., i.e. if the
robot isin the manual operating mode, then ... Note that the signal must first be
defined as a system output in the system parameters.
Syntax
DOutput '(’

[ Signal ':=’ ] < variable YAR) of signaldo > ')’

A function with a return value of the data tygienum.
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DOutput Functions
Related information
Described in:
I nput/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and 1/0O Principles -

Configuration of 1/0

3-DOutput-2

[/O Principles
User’s Guide System Parameters
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Functions EulerZYX

EulerZYX Gets Euler anglesfrom orient

EulerZYX (Euler ZYX rotations) isused to get an Euler angle component from an orient
type variable.

Example

VAR num anglex;
VAR num angley;
VAR num anglez;
VAR pose object;

éngl ex := GetEuler(\X, object.rot);
angley := GetEuler(\Y, object.rot);
anglez := GetEuler(\Z, object.rot);

Return value Data type: num

The corresponding Euler angle, expressed in degrees, range [-180, 180].

Arguments

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

The arguments\X, \Y and \Z are mutually exclusive. If none of these are specified, a
run-time error is generated.

[\X] Datatype: switch
Gets the rotation around the X axis.

[\Y] Datatype: switch
Getsthe rotation around the Y axis.

\Z] Data type: switch
Gets the rotation around the Z axis.

Rotation Datatype: orient

The rotation in its quaternion representation.
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EulerZYX Functions

Syntax
EulerzYX'(
[I\IX 1’1] | [I\IY l’l] | [I\IZ l,’]
[Rotation ":="] <expressionIN) of orient>
’)l

A function with a return value of the data tymem.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadvathematics
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Functions Exp

Exp Calculatesthe exponential value

Exp (Exponential) is used to calculate the exponential value, €".

Example

VAR num x;
VAR num value;

;/al ue:= Exp( x);

Return value Data type: num

The exponential value €* .

Arguments

Exp (Exponent)
Exponent Datatype: num

The exponent argument value.

Syntax

Exp'(
[Exponent :="] <expressionl ) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions FileTime

FileTime Retrievetime infor mation about afile

FileTimeisused to retrieve the last time for modification, access or file status change
of afile. Thetimeis measured in secs since 00:00:00 GMT, Jan. 1 1970. Thetimeis
returned as a num.

Example

Load "ramldisk:notmymod.mod";
WHILE TRUE DO
I Call some routine in notmymod
notmymodrout;
IF FileTime("ram2ldisk:notmymod.mod" \Modify Time)
> ModTime("notmymod") THEN
UnLoad "ramZldisk:notmymod.mod”;
Load "ramldisk:notmymod.mod";
ENDIF
ENDWHILE

This program reloads a module if there is a newer at the source. It usesthe
ModTimeto retrieve the latest |oading time for the specified module, and to com-
pareit to the FileTime\ModifyTime at the source. Then, if the sourceisnewer, the
program unloads and loads the module again.

Return value Data type: num

The time measured in secs since 00:00:00 GMT, Jan 1 1970.

Arguments

FileTime ( Path [\ModifyTime] | [\AccessTime] | [\StatCTime] )
Path Datatype: string
Thefile specified with afull or relative path.
ModifyTime Datatype: switch
Last modification time.
AccessTime Datatype: switch

Time of last access (read, execute of modify).
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FileTime Functions

SatCTime Datatype: switch

Last file status (access qualification) change time.

Program execution
This function returns a numeric that specifies the time since the last:

- Modification
- Access
- File status change

of the specified file.

Example

Thisisacomplete examplethat implementsan alert servicefor maximum 10files.

LOCAL RECORD falert
string filename;
num ftime;
ENDRECORD

LOCAL VAR faert myfileg10];
LOCAL VAR num currentpos.=0;
LOCAL VAR intnum timeint;

LOCAL TRAP mytrap
VAR num pos:=1;
WHILE pos <= currentpos DO
IF FileTime(myfiles{ pos} .filename \ModifyTime) > myfiles{ pos} .ftime THEN
TPWrite "The file "+myfiles{ pos} .filename+" is changed"”;
ENDIF
poS := post1,
ENDWHILE
ENDTRAP

PROC alertlnit(num freq)
currentpos.=0;
CONNECT timeint WITH mytrap;
I Timer freg,timeint;

ENDPROC

PROC aertFreeg()

IDelete timeint;
ENDPROC
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Functions FileTime

PROC aertNew(string filename)
currentpos ;= currentpos+1;
IF currentpos <= 10 THEN
myfiles{ currentpos} .filename := filename;
myfiles{ currentpos} .ftime := FileTime (filename \Modify Time);
ENDIF
ENDPROC

Error handling

If the file does not exist, the system variable ERRNO is set to ERR_FILEACC. This
error can then be handled in the error handler.

Syntax

FileTime '(
[ Path ;=" ] < expressionl N) of string>
[ '\'ModifyTime] |
[ 'VAccessTime] |
[ 'V'StatCTime] ')’

A function with a return value of the data typen.

Related infor mation

Described in:
Last time a module was loaded FunctiohdodTime
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Functions GetTime

GetTime Readsthe current timeasanumeric value

GetTimeis used to read a specified component of the current system time asanumeric
value.

GetTime can beused to :

- have the program perform an action at a certain time,

- perform certain activities on aweekday,

- abstain from performing certain activities on the weekend,
- respond to errors differently depending on the time of day.

Example
hour := GetTime(\Hour);

The current hour is stored in the variable hour.

Return value Data type: num

One of the four time components specified below.

Argument
GetTime ([\WDay] |[\Hour] | [\Min] | [\Sec] )
[\WDay] Datatype: switch

Return the current weekday.
Range: 1 to 7 (Monday to Sunday).

[\Hour] Data type: switch

Return the current hour.
Range: 0 to 23.

[\Min] Datatype: switch

Return the current minute.
Range: 0 to 59.

[\Sec] Data type: switch

Return the current second.
Range: 0 to 59.
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GetTime Functions

One of the arguments must be specified, otherwise program execution stops with an
error message.

Example

weekday := GetTime(\WDay);

hour := GetTime(\Hour);

IF weekday < 6 AND hour >6 AND hour < 16 THEN
production;

ELSE
mai ntenance,

ENDIF

If it isaweekday and thetime is between 7:00 and 15:59 the robot performs pro-
duction. At all other times, the robot is in the maintenance mode.

Syntax

GetTime '(
[V WDay ]
| [’V Hour ]
| [’V Min ]
| [V Sec]?)

A function with a return value of the typem.

Related Information

Described in:
Time and date instructions RAPID Summai§ystem & Time
Setting the system clock User’s Guid8ystem Parameters
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Functions GOutput

GOutput Readsthe value of a group of digital output signals

GOutput is used to read the current value of a group of digital output signals.

Example
IF GOutput(go2) =5 THEN ...

If the current value of thesignal go2 is equal to 5, then ...

Return value Data type: num
The current value of the signal (a positive integer).

The values of each signal in the group are read and interpreted as an unsigned binary
number. This binary number is then converted to an integer.

Thevaluereturned lieswithin arange that is dependent on the number of signalsinthe

group.
No. of signals  Return value No. of signals  Return value
1 0-1 9 0-511
2 0-3 10 0-1023
3 0-7 11 0- 2047
4 0-15 12 0 - 4095
5 0-31 13 0-8191
6 0-63 14 0-16383
7 0-127 15 0- 32767
8 0- 255 16 0 - 65535
Arguments

GOutput (Signal)
Signal Datatype: signalgo
The name of the signal group to be read.
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GOutput Functions

Syntax

GOutput ("
[ Signal ':=" ] < variable YAR) of signalgo > ')’

A function with a return value of data typem.

Related information

Described in:
Input/Output instructions RAPID Summary -
Input and Output Sgnals
Input/Output functionality in general Motion and I/O Principles -
[/O Principles
Configuration of 1/0 User’s GuideSystem Parameters
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Functions | sPers

| sPers | s Persistent

IsPersisused to test if adata object is a persistent variable or not.

Example

PROC procedurel (INOUT num parameterl)
IF IsVar(parameterl) THEN
I For this call reference to avariable

EL SEIF IsPers(parameter1) THEN

I For this call reference to a persistent variable
ELSE

I Should not happen

EXIT,

ENDIF
ENDPROC

The procedure procedurel will take different actions depending on whether the
actual parameter parameter1lisavariable or a persistent variable.

Return value Data type: bool

TRUE if the tested actual INOUT parameter is a persistent variable.
FALSE if the tested actual INOUT parameter is not a persistent variable.

Arguments
IsPers (DatObj)
DatObj (Data Object) Datatype: any type

The name of the formal INOUT parameter.

Syntax

IsPers’(’
[ DatObj .=’ ] < var or persINOUT) of any type > ')’

A function with a return value of the data tylpml.

System DataTypes and Routines 3-IsPers-1



| sPers Functions

Related infor mation

Described in:
Test if variable Function - IsVar
Types of parameters (access modes) RAPID Characteristics - Routines
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Functions | svVar

| sVar |sVariable

IsVar is used to test whether a data object is a variable or not.

Example

PROC procedurel (INOUT num parameterl)
IF IsVAR(parameterl) THEN
I For this call reference to avariable

EL SEIF IsPers(parameter1) THEN

I For this call reference to a persistent variable
ELSE

I Should not happen

EXIT,

ENDIF
ENDPROC

The procedure procedurel will take different actions, depending on whether the
actual parameter parameter1lisavariable or a persistent variable.

Return value Data type: bool

TRUE if the tested actual INOUT parameter is avariable.
FALSE if the tested actual INOUT parameter is not a variable.

Arguments
Isvar (DatObj)
DatObj (Data Object) Datatype: any type

The name of the formal INOUT parameter.

Syntax

IsVar'(’
[ DatObj .=’ ] < var or persINOUT) of any type > ')’

A function with a return value of the data tylpml.
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| sVar Functions

Related infor mation

Described in:
Test if persistent Function - IsPers
Types of parameters (access modes) RAPID Characteristics - Routines
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Functions MirPos

MirPos Mirroring of a position

MirPos (Mirror Position) is used to mirror the translation and rotation parts of a posi-
tion.

Example

CONST robtarget p1;
VAR robtarget p2;
PERS wobjdata mirror;

b2 := MirPos(pl, mirror);
plisarobtarget storing aposition of the robot and an orientation of thetool. This

positionismirrored in the xy-plane of the frame defined by mirror, relativeto the
world coordinate system. The result is new robtarget data, which is stored in p2.

Return value Data type: robtarget

The new position which is the mirrored position of the input position.

Arguments
MirPos (Point MirPlane [\WObj] [\MirY])

Point Data type: robtarget

Theinput robot position. The orientation part of this position definesthe current
orientation of the tool coordinate system.

MirPlane (Mirror Plane) Datatype: wobjdata

The work object datadefining the mirror plane. The mirror planeisthe xy-plane
of the object frame defined in MirPlane. The location of the object frameis
defined relative to the user frame, also defined in MirPlane, whichinturnis
defined relative to the world frame.

[\WODbj] (Work Object) Data type: wobjdata

Thework object data defining the object frame, and user frame, relativeto which
the input position, Point, is defined. If thisargument is left out, the position is
defined relative to the World coordinate system.

Note. If the position is created with awork object active, thiswork object must
be referred to in the argument.
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MirPos Functions

[\MirY] (Mirror Y) Data type: switch

If thisswitch isleft out, which isthe default rule, the tool frame will be mirrored
asregards the x-axis and the z-axis. If the switch is specified, the tool frame will
be mirrored as regards the y-axis and the z-axis.

Limitations

No recalculation is done of the robot configuration part of the input robtarget data.

Syntax

MirPos’(’
[ Point :=" ] < expressionlI(N) of robtarget>’,’
[MirPlane ":="] <expressionI(N) of wobjdata>’,’
['\"WObj ":=" <expression|(N) of wobjdata> ]
[\ MirY 1)

A function with a return value of the data tybtarget.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summavathematics
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Functions ModTime

ModTime Get time of load for aloaded module

ModTime (Module Time) isused to retrieve the time of loading a specified module. The
moduleis specified by its name and must bein the task memory. Thetimeis measured
in secs since 00:00:00 GMT, Jan 1 1970. The time is returned as a num.

Example
MODULE mymod
VAR num mytime;
PROC printMyTime()
mytime := ModTime("mymod");

TPWrite "My timeis"+NumToStr(mytime,0);
ENDPROC

Return value Data type: num

The time measured in secs since 00:00:00 GMT, Jan 1 1970.

Arguments
ModTime ( Object)
Object Datatype: string

The name of the module.

Program execution

This function return a numeric that specify the time when the module was |oaded.
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ModTime Functions

Example

Thisis a complete example that implements an “update if newer” service.

MODULE updmod
PROC callrout()
Load "ramldisk:mymod.mod";
WHILE TRUE DO
I Call some routine in mymod
mymodrout;
IF FileTime("ram1disk:mymod.mod" \ModifyTime)
> ModTime("mymod") THEN
UnLoad "ram21disk:mymod.mod";
Load "ramldisk:mymod.mod";
ENDIF
ENDWHILE
ENDPROC
ENDMODULE

This program reloads amodule if there is a newer one at the source. It uses the
ModTime to retrieve the latest loading time for the specified module, and com-
paresit to the FileTime\ModifyTime at the source. Then, if the source is newer,
the program unloads and |oads the module again.

Syntax

ModTime ’(’
[ Object :=" ] < expressionl{(\) of string>’)’

A function with a return value of the data tymen.

Related infor mation

Described in:
Retrieve time info. about a file FunctionEiteTime
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Functions NOrient

NOrient Nor malise Orientation
NOrient (Normalise Orientation) is used to normalise unnormalised orientation
(quaternion).

Description

An orientation must be normalised, i.e. the sum of the squares must
equal 1:

a?+0Z+02+qf = 1

If the orientation is slightly unnormalised, it is possible to normaliseit.

The normalisation error is the absolute value of the sum of the squares of the orienta-
tion components.

The orientation is considered to be dlightly unnormalised if the normalisation error is
greater then 0.00001 and lessthen 0.1. If the normalisation error is greater then 0.1 the
orient is unusable.

ABS( qi + q% + qg + qi—l) = normerr

normerr > 0.1 Unusable
normerr > 0.00001 AND err <=0.1 Slightly unnormalised
normerr <= 0.00001 Normalised

Example

We have a dlightly unnormalised position ( 0.707170, O, 0, 0.707170)

ABS(,/0,707170 + 0 + 07 + 0,707170°~1) = 0,0000894

0,0000894> 0,0000M unnormalized

VAR orient unnormorient :=[0.707170, 0, 0, 0.707170];
VAR orient normorient;

normorient := NOrient(unnormorient);

The normalisation of the orientation ( 0.707170, 0, 0, 0.707170 ) becomes ( 0.707107,
0,0, 0.707107).
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NOrient Functions

Return value Data type: orient

The normalised orientation.

Arguments
NOrient (Rotation)
Orient Datatype: orient

The orientation to be normalised.

Syntax

NOrient’(’
[Rotation ":="] <expressionIN) of orient>

)

A function with a return value of the data tyqeent.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summavathematics

3-NOrient-2 System DataTypes and Routines



Functions NumToStr

NumToStr Convertsnumeric valueto string

NumToSr (Numeric To Sring) is used to convert a numeric value to a string.

Example
VAR string str;
str := NumToStr(0.38521,3);
The variable str is given the value "0.385".
regl := 0.38521
str := NumToStr(regl, 2\Exp);
The variable str is given the value "3.85E-01".

Return value Data type: string

The numeric value converted to a string with the specified number of decimals, with
exponent if so requested. The numeric valueisrounded if necessary. The decimal point
is suppressed if no decimals are included.

Arguments
NumToStr (Val Dec [\Exp])
Val (Value) Datatype: num
The numeric value to be converted.
Dec (Decimals) Data type: num

Number of decimals. The number of decimals must not be negative or greater
than the available precision for numeric values.

[\Exp] (Exponent) Datatype: switch

To use exponent.
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NumToStr Functions

Syntax

NumToStr’'(’
[ Val :=" ] <expression [(N) of num> "/’
[ Dec ;=" ] <expressionl(N) of num>
[\Exp ]
’)l

A function with a return value of the data tygieng.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions Offs

Offs Displaces arobot position

Offsis used to add an offset to arobot position.

Examples
MovelL Offs(p2, 0, 0, 10), v1000, z50, tool 1,
The robot is moved to a point 10 mm from the position p2 (in the z-direction).
pl:= Offs(pl, 5, 10, 15);

Therobot position plisdisplaced 5 mminthe x-direction, 10 mm in they-direc-
tion and 15 mm in the z-direction.

Return value Data type: robtarget

The displaced position data.

Arguments

Offs (Point XOffset YOffset ZOffset)

Point Data type: robtarget
The position data to be displaced.

XOffset Data type: num
The displacement in the x-direction.

Y Offset Data type: num
The displacement in the y-direction.

ZOffset Data type: num

The displacement in the z-direction.
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Offs Functions

Example

PROC pallet (num row, num column, num distance, PERS tooldata tool,
PERS wobjdata wobj)

VAR robtarget palletpos.=[[0, 0, 0], [1, 0, 0, O], [0, O, O, 0],
[9E9, 9E9, 9E9, 9E9, 9E9, 9E9]];

palettpos := Offs (palettpos, (row-1)*distance, (column-1)* distance, 0);
Movel palettpos, v100, fine, tool\WObj:=wobj;

ENDPROC
A routinefor picking partsfrom apallet is made. Each pallet is defined asawork
object (see Figure 34). The part to be picked (row and column) and the distance

between the parts are given as input parameters.
Incrementing the row and column index is performed outside the routine.
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Figure 34 The position and orientation of the pallet is specified by defining a work object.

Syntax

Offs '(’
[Point :="] <expressionI(N) of robtarget> '’
[XOffset ":="] <expression (N) of num> "’
[YOffset ":="] <expression (N) of num> "’
[ZOffset ":="] <expressionI(N) of num> )’

A function with a return value of the data ty@btarget.

Related information

Described in:
Position data Data Typesaebtarget
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Functions OpMode

OpMode Read the operating mode

OpMaode (Operating Mode) is used to read the current operating mode of the system.

Example
TEST OpMode()
CASE OP_AUTO:
CASE OP MAN_PROG:
CASE OP MAN_TEST:
DEFAULT:
ENDTEST
Different program sections are executed depending on the current operating mode.
Return value Data type: symnum
The current operating mode as defined in the table below.
Return value Symbolic constant Comment
0 OP_UNDEF Undefined operating mode
1 OP_AUTO Automatic operating mode
2 OP_MAN_PROG Manual operating mode
max. 250 mm/s
3 OP_MAN_TEST Manual operating mode
full speed, 100 %
Syntax
OpMode’("’)

A function with a return value of the data tygyennum.

Related infor mation

Described in:
Different operating modes User’s Guid&arting up
Reading running mode FunctionRunMode
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Functions OrientZYX

OrientZYX Buildsan orient from Euler angles

OrientZYX (Orient from Euler ZYX angles) is used to build an orient type variable out
of Euler angles.

Example

VAR num anglex;
VAR num angley;
VAR num anglez;
VAR pose object;

6bject.rot := OrientZY X (anglez, angley, anglex)

Return value Data type: orient
The orientation made from the Euler angles.

The rotations will be performed in the following order:
-rotation around the z axis,
-rotation around the new y axis
-rotation around the new x axis.

Arguments

OrientZYX (ZAngle YAngle XAngle)

ZAngle Data type: num
The rotation, in degrees, around the Z axis.

YAngle Data type: num
Therotation, in degrees, around the Y axis.

XAngle Data type: num
The rotation, in degrees, around the X axis.

The rotations will be performed in the following order:

-rotation around the z axis,

-rotation around the new y axis
-rotation around the new x axis.
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OrientZYX Functions

Syntax

OrientZYX'(’
[ZAngle ":="] <expression [(N) of num> '/’
[YAngle ":="] <expression [(N) of num> "'/’
[XAngle ’:="] <expression [N) of num>

)

A function with a return value of the data tyqeent.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summavathematics
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Functions ORObT

ORobT Removesa program displacement from a position

ORobT (Object Robot Target) is used to transform a robot position from the program
displacement coordinate system to the object coordinate system and/or to remove an
offset for the external axes.

Example

VAR robtarget p10;
VAR robtarget p11;

p10 := CRobT();
pll := ORObT(p10);

The current positions of the robot and the external axesare stored in p10 and p11.
The values stored in p10 are related to the ProgDisp/ExtOffs coordinate system.
The values stored in p11 are related to the object coordinate system without any
offset on the external axes.

Return value Data type: robtarget

The transformed position data.

Arguments

ORobT (OrgPoint [\InPDisp] | [\InEOffs])

OrgPoint (Original Point) Data type: robtarget
The original point to be transformed.

[\InPDisp] (In Program Displacement) Data type: switch

Returns the TCP position in the ProgDisp coordinate system, i.e. removes exter-
nal axes offset only.

[\InEOffg (In External Offset) Datatype: switch

Returns the external axes in the offset coordinate system, i.e. removes program
displacement for the robot only.

System DataTypes and Routines 3-ORobT-1



ORODLT Functions

Examples
p10 := ORobT(p10 \INEOffS);
The ORobT function will remove any program displacement that is active, leav-
ing the TCP position relative to the object coordinate system. The external axes
will remain in the offset coordinate system.

p10 := ORobT(p10\InPDisp);

The ORobT function will remove any offset of the external axes. The TCP posi-
tion will remain in the ProgDisp coordinate system.

Syntax
ORobT '(
[ OrgPoint :=" ] < expressionl \) of robtarget>
[VInPDisp] | [VINEOffs]’)

A function with a return value of the data tybtarget.

Related infor mation

Described in:
Definition of program displacement for InstructionBBispOn, PDispSet
the robot
Definition of offset for external axes InstructionBGffsOn, EOffsSet
Coordinate systems Motion and I/O Principlé3oordi-
nate Systems
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Functions Posel nv

Posel nv | nvertsthe pose

Poselnv (Pose Invert) calculates the reverse transformation of a pose.

Example

/ Framel

FrameO

Posel represents the coordinates of Framel related to Frame.
The transformation giving the coordinates of FrameQ related to Framel is obtained by

the reverse transformation:
VAR pose posel;
VAR pose pose2;

boseZ := Poselnv(posel);

Return value Data type: pose

The value of the reverse pose.

Arguments
Poselnv (Pose)

Pose Datatype: pose

The pose to invert.
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Posel nv Functions

Syntax

Poselnv’(’
[Pose :="] <expressionl ) of pose>

)

A function with a return value of the data typese.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadwathematics
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Functions PoseMult

PoseM ult Multiplies pose data

PoseMult (Pose Multiply) is used to calculate the product of two frame transforma-
tions. A typical useisto calculate a new frame as the result of a displacement acting
on an original frame.

Example
A%
0 posel Y z
/ Framel \ssez
gs Frame2
FrameO
yo - y2
pose3 X2
x0
posel represents the coordinates of Framel related to FrameO.
pose2 represents the coordinates of Frame2 related to Framel.
The transformation giving pose3, the coordinates of Frame2 related to FrameQ, is
obtained by the product of the two transformations:
VAR pose posel;
VAR pose pose2;
VAR pose pose3;
boseB := PoseMult(posel, pose2);
Return value Data type: pose

The value of the product of the two poses.
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PoseMult Functions

Arguments

PoseMult (Posel Pose?)

Posel Datatype: pose
The first pose.
Pose2 Datatype: pose

The second pose.

Syntax

PoseMult’(’
[Posel ":="] <expression N) of pose> ')
[Pose2 ":="] <expression N) of pose>

y

A function with a return value of the data typese.

Related information

Described in:
Mathematical instructions and functions RAPID Summavathematics
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Functions PoseVect

PoseVect Appliesatransformation to a vector

Pose\ect (Pose Vector) is used to calculate the product of a pose and a vector.
Itistypically used to calculate avector asthe result of the effect of a displacement on
an original vector.

Example
~ d /
_ A / posl
posZ/ _ 1 )
z0 - - /
- - posel Framel k
Frame0 - - /
yO0 Y

x0

posel represents the coordinates of Framel related to FrameO.
posl is avector related to Framel.

The corresponding vector related to Frame0 is obtained by the product:
VAR pose posel;

VAR pos posl;
VAR pos pos2;

bosZ:: PoseVect(posel, posl);

Return value Data type: pos

The value of the product of the pose and the original pos.
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PoseVect Functions

Arguments
PoseVect (Pose Pos)
Pose Datatype: pose

The transformation to be applied.
Pos Datatype: pos

The pos to be transformed.

Syntax

PoseVect'(’
[Pose ":="] <expressionl ) of pose> ",
[Pos ":="] <expressionI(N) of pos>

)

A function with a return value of the data types.

Related information

Described in:
Mathematical instructions and functions RAPID Summavathematics
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Functions Pow

Pow Calculatesthe power of a value

Pow (Power) is used to calculate the exponential value in any base.

Example
VAR num Xx;
VAR numy
VAR num regil;
'regl:= Pow(X, Y);

regl is assigned the value X.

Return value Data type: num

The value of the base x raised to the power of the exponent y ( xY ),

Arguments
Pow (Base Exponent)
Base Datatype: num
The base argument value.

Exponent Datatype: num

The exponent argument value.

Limitations
The execution of the function xY will give an error if:

.X<0andy isnot an integer;
.X=0andy< 0.

Syntax

Pow’(’
[Base :=’] <expressionl{N) of num> "'/’
[Exponent ":="] <expressionl ) of num>

)
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Pow Functions

A function with areturn value of the data type num.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summary - Mathematics
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Functions Present

Present Testsif an optional parameter is used

Present isused to test if an optional argument has been used when calling aroutine.

Anoptional parameter may not be used if it was not specified when calling the routine.
Thisfunction can be used to test if a parameter has been specified, in order to prevent

errors from occurring.

Example
PROC feeder (\switch on | \switch off)
IF Present (on) Set dol;
IF Present (off) Reset dol;
ENDPROC
The output dol, which controls afeeder, is set or reset depending on the argu-
ment used when calling the routine.
Return value Data type: bool
TRUE = The parameter value or a switch has been defined when calling the routine.
FAL SE = The parameter value or a switch has not been defined.
Arguments

Present (OptPar)
OptPar (Optional Parameter) Datatype: Any type

The name of the optional parameter to be tested.

System DataTypes and Routines 3-Present-1



Present Functions

Example

PROC glue (\switch on, num glueflow, robtarget topoint, speeddata speed,
zonedata zone, PERS tooldata tool, \PERS wobjdata wobj)

IF Present (on) PulseDO glue on;
SetAO gluesignal, glueflow;
IF Present (wobj) THEN
Movel topoint, speed, zone, tool \WObj=wobyj;
ELSE
Movel topoint, speed, zone, tool;
ENDIF

ENDPROC

A glueroutineismade. If the argument \on is specified when calling the routine,
apulseisgenerated on the signal glue_on. The robot then sets an analog output
gluesignal, which controls the glue gun, and moves to the end position. Asthe
wobj parameter is optional, different Movel instructions are used depending on
whether this argument is used or not.

Syntax

Present '(’
[OptPar’:="] <referenceREF) of any type> ")’

A REF parameter requires, in this case, the optional parameter name.

A function with a return value of the data tyipml.

Related infor mation

Described in:
Routine parameters Basic CharacteristiBsutines
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Functions ReadBin

ReadBin  Readsfrom abinary serial channel or file

ReadBin (Read Binary) is used to read a byte (8 bits) from a binary serial channel or
file.

Example
VAR iodev inchannel;

bpen "s01:", inchannel\Bin;
character := ReadBin(inchannd!);

A byteisread from the binary channel inchannel.

Return value Data type: num

A byte (8 bits) isread from a specified serial channel. This byte is converted to the
corresponding positive numeric value. If thefileis empty (end of file), the number -1
IS returned.

Arguments
ReadBin (IODevice [\Timg])
|ODevice Datatype: iodev
The name (reference) of the current serial channel or file.
[\Time] Data type: num

The max. timefor the reading operation (timeout) in seconds. If thisargument is
not specified, the max. timeis set to 60 seconds.

If thistime runs out before the reading operation is finished, the error handler
will be called with the error code ERR_DEV_MAXTIME. If thereis no error
handler, the execution will be stopped.

The timeout function isin use aso during program stop and will be noticed in
RAPID program at program start.

Program execution

Program execution waitsuntil abyte (8 bits) can be read from the binary serial channel.
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ReadBin Functions

Example
Open “fipl:myfile.bin”, file\Bin;

Rewind file;

bindata := ReadBin(file);

WHILE bindata <> EOF_BIN DO
TPWrite ByteToStr(bindata\Char);
bindata := ReadBin(file);

ENDWHILE

Read the contents of a binary fitgfile.bin from the beginning to the end of the
file and display the binary data received on the teach pendant, converted to ASCII
characters (one char on each line).

Limitations

The function can only be used for channels and files that have been opened for binary
reading and writing.

Error handling

If an error occurs during reading, the system variable ERRNO is set to
ERR_FILEACC. This error can then be handled in the error handler.

Predefined data

The constanEOF_BIN can be used to stop reading at the end of the file.

CONST num EOF_BIN :=-1;

Syntax

ReadBin’(’
[IODevice ":='] <variable VAR) of iodev>
[VTime":=" <expression (N) of num>]’)’

A function with a return value of the typem.
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Functions

ReadBin

Related infor mation

Opening (etc.) serial channels
Convert abyteto a string data
Byte data

System DataTypes and Routines

Described in:

RAPID Summary - Communication
Functions - ByteToSr
Data Types - byte
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Functions ReadM otor

ReadM otor Readsthe current motor angles

ReadMotor is used to read the current angles of the different motors of the robot and
external axes. The primary use of thisfunction isin the calibration procedure of the
robot.

Example
VAR num motor_angle2;
motor_angle2 := ReadMotor(2);

The current motor angle of the second axis of the robot is stored in
motor_angle2.

Return value Data type: num

The current motor angle in radians of the stated axis of the robot or external axes.

Arguments

ReadMotor [\MecUnit] Axis

M ecUnit (Mechanical Unit) Data type: mecunit
The name of the mechanical unit for which an axisisto beread. If thisargument
Isomitted, the axis for the robot isread. (Note, in this release only robot is per-
mitted for this argument).

AXis Data type: num
The number of the axisto beread (1 - 6).

Program execution

The motor angle returned represents the current position in radians for the motor and

independently of any calibration offset. The valueis not related to afix position of the
robot, only to the resolver internal zero position, i.e. normally the resolver zero posi-

tion closest to the calibration position (the difference between the resolver zero posi-

tion and the calibration position is the calibration offset value). The value represents

the full movement of each axis, although this may be several turns.
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ReadM otor Functions

Example
VAR num motor_angle3;
motor_angle3 := ReadMotor(\MecUnit:=robot, 3);

The current motor angle of the third axis of the robot is stored in motor_angle3.

Syntax

ReadMotor’(’
[''MecUnit ":=’ < variable VAR) of mecunit>’,’]
[Axis :=" ] < expression [N) of num>

)

A function with a return value of the data tymen.

Related information

Described in:
Reading the current joint angle FunctiorGleintT
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Functions ReadNum

ReadNum Readsanumber from afileor theserial channd

ReadNum (Read Numeric) is used to read a number from a character-based file or the
seria channdl.

Example
VAR iodev infile;

Open "flpL:file.doc”, infile\Read:
regl := ReadNum(infile);

Regl is assigned a number read from the file file.doc on the diskette.

Return value Data type: num

The numeric value read from aspecified file. If thefileisempty (end of file), the num-
ber 9.999E36 is returned.

Arguments
ReadNum (IODevice[\Time])
|ODevice Datatype: iodev
The name (reference) of the file to be read.
[\Time] Data type: num

The max. timefor the reading operation (timeout) in seconds. If thisargument is
not specified, the max. timeis set to 60 seconds.

If thistime runs out before the read operation is finished, the error handler will
be called with the error code ERR_DEV_MAXTIME. If thereis no error han-
dler, the execution will be stopped.

The timeout function is also in use during program stop and will be noticed in
RAPID program at program start.

Program execution
Thefunction reads aline from afile, i.e. reads everything up to and including the next

line-feed character (LF), but not more than 80 characters. If the line exceeds 80 char-
acters, the remainder of the characterswill be read on the next reading.

System DataTypes and Routines 3-ReadNum-1



ReadNum Functions

The string that is read is then converted to a numeric value; e.g. “234.4” is converted
to the numeric value 234.4. If all the characters read are not digits, O is returned.

Example

regl := ReadNum(infile);
IF regl > EOF_NUM THEN
TPWrite "The file is empty”

Before using the number read from the file, a check is performed to make sure
that the file is not empty.

Limitations

The function can only be used for files that have been opened for reading.

Error handling

If an access error occurs during reading, the system variable ERRNO is set to
ERR_FILEACC. If there is an attempt to read non numeric data, the system variable
ERRNO is set to ERR_RCVDATA. These errors can then be dealt with by the error
handler.

Predefined data
The constanEOF_NUM can be used to stop reading, at the end of the file.

CONST num EOF_NUM := 9.998E36;

Syntax
ReadNum '(’
[IODevice =] <variable VAR) of iodev>
[VTime":=" <expression (N) of num>])’

A function with a return value of the typem.

Related information

Described in:
Opening (etc.) serial channels RAPID SummaBommunication

3-ReadNum-2 System DataTypes and Routines



Functions ReadStr

ReadStr Readsa string from afile or serial channe

ReadStr (Read String) isused to read text from a character-based file or from the serial
channel.

Example
VAR iodev infile;

Open "flpL:file.doc”, infile\Read:
text := ReadStr(infile);

Text isassigned atext string read from the file file.doc on the diskette.

Return value Data type: string

The text string read from the specified file. If the file isempty (end of file), the string
"EOF" is returned.

Arguments
ReadStr (IODevice[\Timg])
|ODevice Datatype: iodev
The name (reference) of the file to be read.
[\Time] Data type: num

The max. timefor the reading operation (timeout) in seconds. If thisargument is
not specified, the max. timeis set to 60 seconds.

If thistime runs out before the read operation is finished, the error handler will
be called with the error code ERR_DEV_MAXTIME. If thereis no error han-
dler, the execution will be stopped.

Program execution
Thefunction reads aline from afile, i.e. reads everything up to and including the next

line-feed character (LF), but not more than 80 characters. If the line exceeds 80 char-
acters, the remainder of the characterswill be read on the next reading.
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Example

text := ReadStr(infile);
IF text = EOF THEN
TPWrite"Thefileis empty”;

Before using the string read from thefile, acheck is performed to make sure that
thefileis not empty.

Limitations

The function can only be used for files that have been opened for reading.

Error handling

If an error occurs during reading, the system variable ERRNO is set to
ERR_FILEACC. Thiserror can then be handled in the error handler.

Predefined data

The constant EOF can be used to check if the file was empty when trying to read from
the file or to stop reading at the end of thefile.

CONST string EOF :="EOF",

Syntax
ReadStr ("
[IODevice =] <variable VAR) of iodev>
[VTime":=" <expression (N) of num>])’

A function with a return value of the tygging.

Related information

Described in:
Opening (etc.) serial channels RAPID SummaBommunication
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Functions Rel Tool

RelTool Makeadisplacement relativeto thetool

Rel Tool (Relative Tool) is used to add a displacement and/or a rotation, expressed in
the tool coordinate system, to arobot position.

Example
MoveL  RelTool (p1, 0, 0, 100), v100, fine, tool1;

The robot is moved to a position that is 100 mm from pl in the direction of the
tool.

MoveL  RelTool (pl, 0, 0, 0\Rz:= 25), v100, fine, tool1;

Thetool isrotated 25° around its z-axis.

Return value Data type: robtarget

The new position with the addition of a displacement and/or arotation, if any, relative
to the active tool.

Arguments
RelTool (Point Dx Dy Dz [\Rx] [\Ry] [\Rz])
Point Datatype: robtarget

The input robot position. The orientation part of this position defines the current
orientation of the tool coordinate system.

Dx Datatype: num
The displacement in mm in the x direction of the tool coordinate system.
Dy Datatype: num
The displacement in mm in the y direction of the tool coordinate system.
Dz Datatype: num
The displacement in mm in the z direction of the tool coordinate system.
[\RX] Data type: num

The rotation in degrees around the x axis of the tool coordinate system.
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Rel Tool

Functions

[\Ry] Data type: num
The rotation in degrees around the y axis of the tool coordinate system.

[\Rz] Datatype: num
The rotation in degrees around the z axis of the tool coordinate system.

In the event that two or three rotations are specified at the same time, these will be per-
formed first around the x-axis, then around the new y-axis, and then around the new
z-axis.

Syntax

RelTool'(’
[ Point :=" ] < expressionl(N) of robtarget>’,’
[Dx :="] <expression [N) of num> "/
[Dy :="] <expression [N) of num> ",
[Dz :="] <expression [N) of num>
['\V'Rx ;=" <expression|(N) of num> ]
['\' Ry ":=" <expressionI(N) of num> ]
['\' Rz ":=" <expressionI(N) of num> ]’

A function with a return value of the data tyjbtarget.

Related information

Described in:
Mathematical instructions and functions RAPID Summadathematics
Positioning instructions RAPID Summarytotion
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Functions Round

Round Round isa numeric value
Round isused to round a numeric value to a specified number of decimalsor to aninte-
ger value.

Example
VAR numval;

val := Round(0.38521\Dec:=3);

The variable val is given the value 0.385.
val := Round(0.38521\Dec:=1);

The variable val is given the value 0.4.
val := Round(0.38521);

The variable val is given the value 0.

Return value Data type: num

The numeric value rounded to the specified number of decimals.

Arguments

Round (Val [\Dec])

Val (Value) Datatype: num
The numeric value to be rounded.

[\Dec] (Decimals Data type: num
Number of decimals.

If the specified number of decimalsis O or if the argument is omitted, the value
Isrounded to an integer.

The number of decimals must not be negative or greater than the available pre-
cision for numeric values.
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Syntax

Round’(’
[ Val :=" ] <expression [(N) of num>
[ \Dec ;=" <expressionI(N) of num> ]

y

A function with a return value of the data tymem.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadvathematics
Truncating a value Functionslrunc
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Functions RunMode

RunMode Read the running mode

RunMode (Running Mode) is used to read the current running mode of the program
task.

Example
IF RunMode() = RUN_CONT_CYCLE THEN
ENDIF

The program section is executed only for continuous or cycle running.

Return value Data type: symnum

The current running mode as defined in the table below.

Return value Symbolic constant Comment

0 RUN_UNDEF Undefined running mode

1 RUN_CONT_CYCLE Continuous or cycle running mode

2 RUN_INSTR_FWD Instruction forward running mode

3 RUN_INSTR_BWD Instruction backward running mode

4 RUN_SIM Simulated running mode

Arguments
RunMode ([ \Main])
[\Main ] Datatype: switch
Return current running mode for program task main.
Used in multi-tasking system to get current running mode for program task main

from some other program task.

If this argument is omitted, the return value always mirrors the current running
mode for the program task which executes the function RunMode.

Syntax

RunMode '(’ ['\'Main] ’)’
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A function with areturn value of the data type symnum.

Related infor mation

Described in:
Reading operating mode Functions - OpMode
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Functions Sin

Sin Calculatesthe sine value

Sn (Sne) is used to calculate the sine value from an angle value.

Example

VAR num angle;
VAR num value;

;/al ue := Sin(angle);

Return value Data type: num

The sinevalue, range[-1, 1] .

Arguments
Sin  (Angle)
Angle Data type: num
The angle value, expressed in degrees.
Syntax
Sin’(’

[Angle’:="] <expression (N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions Sort

Sqrt Calculatesthe squareroot value

Sort (Square root) is used to calculate the square root value.

Example

VAR num x_value;
VAR numy_value

&/_val ue := Sgrt( x_value);

Return value Data type: num

The sguare root value.

Arguments
Sgrt (Value)
Value Data type: num
The argument value for squareroot (./ ); it hastobe 0.
Syntax
Sart’(’

[Value:="] <expressionI(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
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Functions SrFind

SrFind Searchesfor a character in astring

SrFind (Sring Find) isused to search in a string, starting at a specified position, for a
character that belongs to a specified set of characters.

Example
VAR num found;
found := StrFind("Robotics",1,"aeiou");
The variable found is given the value 2.
found := StrFind("Robotics",1,"aeiou"\NotInSet);
The variable found is given the value 1.
found := StrFind("IRB 6400",1,STR_DIGIT);
The variable found is given the value 5.
found := StrFind("IRB 6400",1,STR_ WHITE);

The variable found is given the value 4.

Return value Data type: num

The character position of the first character, at or past the specified position, that
belongs to the specified set. If no such character isfound, String length +1 isreturned.

Arguments
SrFind (Str ChPos Set [\NotInSet])
Sr (Sring) Datatype: string

The string to search in.

ChPos (Character Position) Data type: num
Start character position. A runtime error isgenerated if the position isoutside the
string.

Set Datatype: string

Set of characters to test against.
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[\NotlnSet] Data type: switch

Search for a character not in the set of characters.

Syntax

StrFind’(’
[ Str :=" ] <expressionI(N) of string> "’
[ ChPos ":=" ] <expression N) of num> "’/
[ Set:=" ] <expressionI(N) of string>
[VNotInSet |
))l

A function with a return value of the data tymem.

Related information

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions StrrLen

SrLen Getsthe string length

SrLen (Sring Length) is used to find the current length of a string.

Example
VAR num len;
len := StrLen("Robotics");

The variable len is given the value 8.

Return value Data type: num

The number of charactersin the string (>=0).

Arguments
SrLen (Str)
Sr (Sring) Datatype: string
The string in which the number of charactersisto be counted.
Syntax
StrLen’(’
’[)’Str =" ] <expression|(N) of string>

A function with a return value of the data typen.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions SrMap

SrMap Mapsa string

SrMap (Sring Mapping) isused to create acopy of astring inwhich all charactersare
trandated according to a specified mapping.

Example
VAR string str;
str := StrMap("Robotics’,"aeiou”," AEIOU");
The variable str is given the value "RObOtIcs'.
str := StrMap("Robotics’,STR_LOWER, STR_UPPER);

The variable str is given the value "ROBOTICS".

Return value Data type: string

The string created by trandating the characters in the specified string, as specified by
the "from" and "to" strings. Each character, from the specified string, that isfound in
the "from" string is replaced by the character at the corresponding position in the "to"
string. Characters for which no mapping is defined are copied unchanged to the result-
ing string.

Arguments
SrMap (Sr FromMap ToMap)
Sr (Sring) Datatype: string
The string to trand ate.
FromMap Data type: string
Index part of mapping.
ToMap Data type: string

Value part of mapping.
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Syntax

StrMap’(’

[ Str:="] <expression(N) of string> "’

[ FromMap’:=" ] <expressionl{N) of string> ",
[ ToMap’:=" ] <expressionI(N) of string>
’)l

A function with a return value of the data tygieng.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions StrMatch

SrMatch Search for patternin string

SrMatch (Sring Match) is used to search in a string, starting at a specified position,
for a specified pattern.

Example
VAR num found;
found := StrMatch("Robotics’,1,"bo");

The variable found is given the value 3.

Return value Data type: num

The character position of the first substring, at or past the specified position, that is
equal to the specified pattern string. If no such substring isfound, string length +1 is
returned.

Arguments
SrMatch (Str ChPos Pattern)
Sr (Sring) Datatype: string

The string to search in.

ChPos (Character Position) Data type: num
Start character position. A runtimeerror isgenerated if the position isoutside the
string.

Pattern Datatype: string

Pattern string to search for.

Syntax

StrMatch’(’

[ Str:=" ] <expressionN) of string> "’

[ ChPos ":=’" ] <expression N) of num> "’
[ Pattern’:=" ] <expression N) of string>

)

A function with a return value of the data typen.
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Functions

Related infor mation

String functions
Definition of string
String values

3-StrMatch-2

Described in:

RAPID Summary - Sring Functions
Data Types - string

Basic Characteristics -
Basic Elements
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Functions SrMemb

SrMemb  Checksif acharacter belongsto a set

SrMemb (Sring Member) is used to check whether a specified character in a string
belongs to a specified set of characters.

Example
VAR bool memb;
memb := StrMemb("Robotics",2,"aeiou");
The variable memb is given the value TRUE, as 0 isamember of the set "aeiou”.
memb := StrMemb("Robotics’,3,"agiou”);

The variable memb is given the value FALSE, as b is not a member of the set
"agiou”.

memb := StrMemb("S-721 68 VASTERAS",3,STR_DIGIT);

The variablanemb is given the value TRUE.

Return value Data typebool

TRUE if the character at the specified position in the specified string belongs to the
specified set of characters.

Arguments
SrMemb (Str ChPos Set)
Sr (Sring) Data typestring
The string to check in.
ChPos (Character Position) Data typenum

The character position to check. A runtime error is generated if the position is
outside the string.

Set Data typestring

Set of characters to test against.
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Syntax

StrMemb’(’

[ Str :="] <expressionI(N) of string> "’

[ ChPos ":=" ] <expression N) of num> "’/
[ Set:=" ] <expressionI(N) of string>

)

A function with a return value of the data tyipml.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions SirOrder

SrOrder Checksif stringsareordered

SrOrder (Sring Order) isused to check whether two strings are in order, according to
a specified character ordering sequence.

Example
VAR bool l€;
le := StrOrder("FIRST","SECOND",STR_UPPER);

The variable leis given the value TRUE, because "FIRST" comes before
"SECOND" in the character ordering sequence STR_UPPER.

Return value Data type: bool

TRUE if the first string comes before the second string (Strl <= Str2) when characters
are ordered as specified.

Characters that are not included in the defined ordering are all assumed to follow the
present ones.

Arguments
SrOrder (Srl Str2 Order)
Srl (Sring 1) Datatype: string
First string value.
Sr2 (|ring 2) Datatype: string
Second string value.
Order Data type: string

Sequence of characters that define the ordering.
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Syntax

StrOrder’(’
[ Strl :="] <expressionI(N) of string> ",
[ Str2 =" ] <expressionIN) of string> ",
[ Order .=’ ] <expressionl{N) of string>

)

A function with a return value of the data tyipml.

Related infor mation

Described in:
String functions RAPID SummarySring Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions SrPart

StrPart Findsa part of astring

SrPart (Sring Part) isused to find a part of a string, as a new string.

Example
VAR string part;
part := StrPart("Robotics’,1,5);

The variable part is given the value "Robot".

Return value Data type: string

The substring of the specified string, which has the specified length and starts at the
specified character position.

Arguments
SrPart (Str ChPos Len)
Sr (Sring) Datatype: string

The string in which a part is to be found.

ChPos (Character Position) Data type: num
Start character position. A runtime error isgenerated if the position isoutside the
string.

Len (Length) Data type: num

Length of string part. A runtime error is generated if the length is negative or
greater than the length of the string, or if the substring is (partially) outside the
string.

Syntax

StrPart’(’
[ Str:=" ] <expressionN) of string> "’
[ ChPos ":=’" ] <expression N) of num> "’
[ Len’:="] <expressionI(N) of num>

A function with a return value of the data tygieng.
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SrPart

Functions

Related infor mation

String functions
Definition of string
String values

3-StrPart-2

Described in:

RAPID Summary - Sring Functions
Data Types - string

Basic Characteristics -
Basic Elements
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Functions

SrToByte Convertsastring to a byte data

SrToByte (Sring To Byte) is used to convert a string with a defined byte data format
into a byte data.

Example
VAR string con_data_buffer{ 5} :=["10", "AE", "176", "00001010", "A"];
VAR byte data_buffer{ 5};
data_buffer{1} := StrToByte(con data buffer{1});

The content of the array component data_buffer{1} will be 10 decimal after the
SrToByte ... function.

data_buffer{ 2} := StrToByte(con_data buffer{ 2}\Hex);

The content of the array component data_buffer{2} will be 174 decimal after the
SrToByte ... function.

data_buffer{ 3} := StrToByte(con_data_buffer{ 3} \Okt);

The content of the array component data_buffer{3} will be 126 decimal after the
SrToByte ... function.

data_buffer{4} := StrToByte(con_data_buffer{ 4}\Bin);

The content of the array component data_buffer{4} will be 10 decimal after the
SrToByte ... function.

data_buffer{ 5} := StrToByte(con_data_buffer{ 5}\Char);

The content of the array component data_buffer{5} will be 65 decimal after the
SrToByte ... function.

Return value Data type: byte

The result of the conversion operation in decimal representation.
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Arguments
SrToByte (ConSr [\Hex] |[\Okt] | [\Bin] | [\Char])
ConStr (Convert Sring) Datatype: string
The string data to be converted.

If the optional switch argument isomitted, the string to be converted has decimal (Dec)
format.

[\Hex] (Hexadecimal) Datatype: switch
The string to be converted has hexadecimal format.

[\Okt] (Octal) Data type: switch
The string to be converted has octal format.

[\Bin] (Binary) Datatype: switch
The string to be converted has binary format.

[\Char] (Character) Datatype: switch

The string to be converted has ASCII character format.

Limitations
Depending on the format of the string to be converted, the following string data
isvalid:
Format: String length:  Range:
Dec ...... 0" -9’ 3 "0" - "255"
Hex ....:'0"-'9,’a -'f','A - 'F 2 "0" - "FF"
Okt ....... 0" - "7’ 3 "ot -"377"
Bin....0-' 8 "0"-"11111111"
Char ....: Any ASCII character 1 ASCII table
RAPID character codes (e.g. "\07" for BEL control character) cannot be used as
arguments in ConsStr.

Syntax

StrToByte'(’

[ConStr :="] <expressionI{N) of string>
[VHex]|[V Okt] | 'V Bin] | [\ Char]
!)l 1.7
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Functions Pow

A function with areturn value of the data type byte.

Related infor mation

Described in:
Convert abyteto a string data Instructions - ByteToSr
Other bit (byte) functions RAPID Summary - Bit Functions
Other string functions RAPID Summary - Sring Functions
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Functions StrToVal

StrToval Convertsastringto avalue

SrToval (String To Value) is used to convert astring to a value of any data type.

Example

VAR bool ok;
VAR num nval;

ok := StrTova("3.85",nval);

The variable ok is given the value TRUE and nval is given the value 3.85.

Return value Data type: bool

TRUE if the requested conversion succeeded, FAL SE otherwise.

Arguments

StrToval (Str Val)
Str (String) Datatype: string

A string value containing literal datawith format corresponding to the datatype
used in argument Val. Valid format as for RAPID literal aggregates.

Val (Value) Datatype: ANYTYPE

Name of the variable or persistent of any datatype for storage of the result from
the conversion. The datais unchanged if the requested conversion failed.

Example
VAR string 15 := “[600, 500, 225.3]";
VAR bool ok;
VAR pos posl5;
ok := StrToVal(strl5,pos15);

The variableok is given the value TRUE and the variaplb is given the value
that are specified in the stristy 15.
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StrToVal Functions

Syntax

StrToval'(’

[ Str :="] <expressionlI(N) of string> "’
[ Val :=" ] <var or pers [NOUT) of ANYTYPE>
’)l

A function with a return value of the data tyipmol.

Related infor mation

Described in:
String functions RAPID SummaryString Functions
Definition of string Data Typesstring
String values Basic Characteristics -

Basic Elements
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Functions Tan

Tan Calculatesthe tangent value

Tan (Tangent) is used to calculate the tangent value from an angle value.

Example

VAR num angle;
VAR num value;

;/al ue := Tan(angle);

Return value Data type: num
The tangent value.

Arguments
Tan (Angle)
Angle Data type: num

The angle value, expressed in degrees.

Syntax

Tan'(’
[Angle ":="] <expression I(N) of num>

A function with a return value of the data typen.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summawathematics
Arc tangent with return value in the
range [-180, 180] FunctionsATan2
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Functions TestDI

TestDI Testsif adigital input is set

TestDI is used to test whether adigital input is set.
Examples
IF TestDI (di2) THEN . ..

If the current value of the signal di2 isequal to 1, then . . .
IF NOT TestDI (di2) THEN . ..

If the current value of the signal di2 isequal to O, then . . .
WaitUntil TestDI(di1) AND TestDI(di2);

Program execution continues only after both the di1 input and the di2 input have
been set.

Return value Data type: bool
TRUE = The current value of the signal is equal to 1.

FALSE = The current value of the signal is equal to 0.

Arguments
TestDI (Signal)

Signal Datatype: signaldi

The name of the signal to be tested.

Syntax

TestDI '(
[ Signal ":=’ ] < variable VAR) of signaldi > )’

A function with a return value of the data tylpml.
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TestDI Functions

Related infor mation

Described in:
Reading the value of adigital input signal Functions - DInput
I nput/Output instructions RAPID Summary -
Input and Output Sgnals
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Functions TestAndSet

TestAndSet Test variableand set if unset

TestAndSet can be used together with anormal data object of the type bool, asabinary
semaphore, to retrieve exclusive right to specific RAPID code areas or system
resources. The function could be used both between different program tasks and dif-
ferent execution levels (TRAP or Event Routines) within the same program task.

Example of resources that can need protection from access at the same time:

- Use of some RAPID routines with function problems when executed in
parallel.

- Use of the Teach Pendant - Operator Output & Input

Example
MAIN program task:
PERS bool tproutine_inuse := FALSE;

WaitUntil TestAndSet(tproutine_inuse);
TPWrite “First line from MAIN”;
TPWrite “Second line from MAIN";
TPWrite “Third line from MAIN”;
tproutine_inuse := FALSE;

BACK1 program task:
PERS bool tproutine_inuse := FALSE;

WaitUntil TestAndSet(tproutine_inuse);
TPWrite “First line from BACK1”;
TPWrite “Second line from BACK1";
TPWrite “Third line from BACK1";
tproutine_inuse := FALSE;

To avoid mixing up the lines, one from MAIN and one from BACK1, the use of the
TestAndSet function guarantees that all three lines from each task are not separated.

If program task MAIN takes the semaphdestAndSet(tproutine_inuse) first, then
program task BACK1 must wait until the program task MAIN has left the semaphore.

Return value Data typenum

TRUE if the semaphore has been taken by me (executor of TestAndSet function),
otherwise FALSE. ???
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TestAndSet Functions

Arguments

TestAndSet  Object
Object Datatype: bool

User defined data object to be used as semaphore. The dataobject could beaVAR
or aPERS. If TestAndSet are used between different program tasks, the object
must be aPERS or an installed VAR (intertask objects).

Program execution

Thisfunction will in one indivisible step check the user defined variable and, if itis
unset, will set it and return TRUE, otherwise it will return FALSE.

IF Object = FALSE THEN
Object := TRUE;
RETURN TRUE;

ELSE
RETURN FALSE;

ENDIF

Example
LOCAL VAR bool doit_inuse := FALSE;

PROC doit(...)
WaitUntil TestAndSet (doit_inuse);

ab'it_i nuse := FALSE;
ENDPROC

If amoduleisinstalled built-in and shared, it is possible to use alocal module
variable for protection of access from different program tasks at the same time.

Notein this case: If program execution is stopped in the routine doit and the
program pointer is moved to main, the variable doit_inuse will not be reset. To
avoid this, reset the variable doit_inuse to FALSE in the START event routine.

Syntax

TestAndSet '(’
[ Object .=’ ] < variable or persistentNOUT) of bool> ")’

A function with a return value of the data tyipmol.
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Functions TestAndSet

Related infor mation

Described in:
Built-in and shared module User’s Guide System parameters
Intertask objects RAPID Developer’s Manual -
RAPID Kernel Reference Manual -
Intertask objects
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3-TestAndSet-6 System DataTypes and Routines



Functions Trunc

Trunc Truncates a numeric value

Trunc (Truncate) is used to truncate anumeric val ue to a specified number of decimals
or to an integer value.

Example
VAR num val;
val := Trunc(0.38521\Dec:=3);
The variable val is given the value 0.385.
regl := 0.38521
val := Trunc(regl\Dec:=1);
The variable val is given the value 0.3.
val := Trunc(0.38521);

The variable val is given the value O.

Return value Data type: num

The numeric value truncated to the specified number of decimals.

Arguments

Trunc (Val [\Dec])

Val (Value) Datatype: num
The numeric value to be truncated.

[\Dec] (Decimals) Data type: num
Number of decimals.

If the specified number of decimalsis O or if the argument is omitted, the value
Istruncated to an integer.

The number of decimals must not be negative or greater than the available pre-
cision for numeric values.
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Trunc Functions

Syntax

Trunc'(’
[ Val ':=" ] <expression [N) of num>
[ \Dec ;=" <expressionI(N) of num> ]

y

A function with a return value of the data tymem.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadvathematics
Rounding a value FunctionReund
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Functions Val ToStr

ValToStr Convertsavaluetoastring

ValToSr (Value To Sring) is used to convert avalue of any datatype to a string.

Example

VAR string str;
VAR pos p :=[100,200,300];

str := VaToStr(1.234567);
The variable str is given the value "1.23457".
str := VaToStr(TRUE);
The variable str is given the value "TRUE".
str := VaToStr(p);
The variable str is given the value "[100,200,300]".

Return value Data type: string

Thevaueisconvertedto astring with standard RAPID format. Thismeansin principle
6 significant digits. If the decimal part islessthan 0.000005 or greater than 0.999995,
the number is rounded to an integer.

A runtime error is generated if the resulting string istoo long.

Arguments
ValToSr (Val)
Val (Value) Datatype: ANYTYPE

A value of any datatype.

Syntax

ValToStr’(’
[ Val ;=" ] <expression [N) of ANYTYPE>

A function with a return value of the data tygieng.
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Val ToStr

Functions

Related infor mation

String functions
Definition of string
String values

3-VaToStr-2

Described in:

RAPID Summary - Sring Functions
Data Types - string

Basic Characteristics -
Basic Elements
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Functions VectMagn

VectM agn Magnitude of a pos vector

VectMagn (Vector Magnitude) is used to cal cul ate the magnitude of a pos vector.

Example

- N

- X

A

A vector A can be written as the sum of its components in the three orthogonal direc-
tions:

A= AX+Ay+Az
The magnitude of A is:
A= JA+A A,

The vector is described by the data type pos and the magnitude by the data type num:

VAR num magnitude;
VAR pos vector;

;/ector =[1,1,1];
magnitude := VectM agn(vector);

Return value Data type: num

The magnitude of the vector (data type pos).
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VectMagn Functions

Arguments
VectMagn (Vector)

Vector Datatype: pos

The vector described by the data type pos.

Syntax

VectMagn'(’
[Vector :="] <expressionI(N) of pos>

)

A function with a return value of the data tymem.

Related infor mation

Described in:
Mathematical instructions and functions RAPID Summadwathematics
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Abs1
absolute value 1
acceleration reduction 1
AccSet 1
ACos1
ActUnit 1
Add 1
analog output
set 1
AOQutput 1
arcuscosine 1
arcussine 1
arcus tangent 1
ArgName 1
argument name 1
arithmetic 1
array
getsizel
ASin1
assignment 1
ATan 1l
ATan2 1

B

bit manipulation 1
bool 1

Break 1

byte 1

C

C MOTSET 1
C _PROGDISP 1
cal 1
CalByVar 1
CDate 1
circular movement 1
ClointT 1
Clear 1
ClkRead 1
ClkReset 1
ClkStart 1
ClkStop 1
clock 1

read 1
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reset 1

start 1

stop 1
Close 1
comment 1
common drive unit 1
Compact IF 1
condition 1
confdata 1
ConfJ1
ConfL 1
CONNECT 1
corner path 1
Cos1
CPos 1
CRobT 1
CTimel
CTool 1
CWobj 1

D

date 1
DeactUnit 1
Decr 1
decrease velocity 1
decrement 1
DefDFrame 1
DefFrame 1
digital output 1
pulse 1
reset 1
setl
Dim1
dionum 1
displace
position 1
displacement
tool direction 1
displacement frame 1
DotProd 3, 1
DOutput 1

E

Enable I/O unit 1
EOffsOff 1
EOffsOn 1



EOffsSet 1

erase teach pendant display 1

ERRNO 1

errnum 1

error recovery
retry 1

ErrWrite 1

EulerzYX 1

EXIT1

ExitCycle 1

Exp1l

exponentia value 1

external axes
activate 1
deactivate 1

extjoint 1

F

file
close 1l
load 1, 3
open 1
read 1
rewind 1
unload 1, 3
write 1

finel

fly-by point 1

FOR 1

frame 1

Functions 1

G

GetTime 1
GOTO1
GOutput 1
GripLoad 1
group of 1/0 1

IDelete 1
IDisable 1
|[Enable 1
IF1

Incr 1
increment 1
interrupt

activate 1
at aposition 1
connect 1
deactivate 1
delete 1
disable 1
enable 1
from digital input 1
identity 1
timed 1
INTNO 1
inthum 1
InvertDO 1
O unit
disable 1
enable 1
iodev 1
|ODisable 1
IOEnable 1
ISignalDI 1
ISignalDO 1
[Sleep 1
IsPers1
IsVar 1
ITimer 1
IVarVauel
IWatch 1

J

joint movement 1
jump 1

L

label 1
linear movement 1
Load 1, 3
load

activate payload 1
loaddata 1
loadsession 7
logical value 1

M

maximum velocity 1

mechanical unit 1
activate 1
deactivate 1
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MechUnitLoad 3
mecunit 1
MirPos 1
mirroring 1
motsetdata 1
MoveAbs] 1
MoveC 1
MoveCDO 1
MoveCSync 1
Movel 1
MovelDO 1
MovelJSync 1
Movel 1
MoveLDO 1
MovelL Sync 1
movement
circlel
joint 1
linear 1

N

num 1
numeric value 1
NumToStr 1

O

0_jointtarget 1
object coordinate system 1
Offs1
offset 1
Open
filel
serial channel 1
operating mode
read 1
OpMode 1
orient 1
OrientZYX 1
ORoDbT 1
output
at aposition 1

P

path resolution
change 1

PathResol 1

payload 1
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PDispOff 1

PDispOn 1

pos 1

pose 1

Poselnv 1

PoseMult 1

position fix 1/0 1

Pow 1

Present 1

ProcCall 1

procedure call 1

program displacement
activate 1
deactivate 1
remove from position 1

PulseDO 1

Q

guaternion 2
R

RAISE 1

read
clock 1
current date 1
current joint angles 1
current robot position 1
current time 1
current tool data 1
current work object 1
digital output 1
filel
function key 1
group of outputs 1
serial channel 1

ReadBin 1

ReadMotor 1

ReadNum 1

ReadStr 1

RelTool 1

repeat 1

Reset 1

RestoPath 1

RETRY 1

RETURN 1

Rewind 1

robot position 1



robtarget 1
Round 1
routinecall 1
RunMode 1
running mode
read 1

S

SearchC 1
SearchL 1
serial channel
close 1
filel
open 1
read 1
rewind 1
write 1
Set 1l
SetAO 1
SetDO 1
SetGO 1
shapedata 1
signaa 1
signalao 1
signadi 1
signaldo 1
signalgi 1
signalgo 1
Sinl
SingArea l
soft servo
activating 1

deactivating 1

SoftAct 1
SoftDeact 1
speeddata 1
Sort 1
square root 1
StartMove 1
Stop 1

stop point 1
StopMove 1
stopwatch 1
StorePath 1
StrFind 1
string 1
StrLen 1
StrMap 1

4-4

StrMatch 1
StrMemb 1
StrOrder 1
StrPart 1
StrToByte 1
StrTova 1
symnum 1
system data 1

T

Tan1l

TEST 1
TestDI 1
text string 1
timel
tooldata 1
TPErase 1
tpnum 1
TPReadFK 1
TPReadNum 1
TPShow 1
TPWrite 1
TriggC 1
triggdata 1
TriggEquip 1
Triggint 1
TrigglO 1
Triggd 1
TriggL 1
Trunc 1
TRYNEXT 1
TuneReset 1
tunetype 1

U

UnLoad 1, 3
user coordinate system 1

Vv

VaToStr 1

velocity 1
decrease 1
max. 1

VelSet 1

w

wait
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aspecifictime 1
any condition 1
digital input 1
digital output 1
until the robot isin position 1
WaitDI 1
WaitDO 1
WaitTime 1
WaitUntil 1
WHILE 1
wobjdata 1
work object 1
Write 1
write
error message 1
on the teach pendant 1
WriteBin 1
WriteStrBin 1
WZBoxDef 1
WZCylDef 1
WZDisable 1
WZDOSet 1
WZEnable 1
WZFree 1
WZLimSup 1
WZSphDef 1
wzstationary 1
wztemporary 1

Z

zonedata 1
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