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Legal information

Warning notice system

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent
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Qualified Personnel
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task in accordance with the relevant documentation, in particular its warning notices and safety instructions.
Qualified personnel are those who, based on their training and experience, are capable of identifying risks and
avoiding potential hazards when working with these products/systems.

Proper use of Siemens products

Trademarks

Note the following:

AAWARNING

Siemens products may only be used for the applications described in the catalog and in the relevant technical
documentation. If products and components from other manufacturers are used, these must be recommended
or approved by Siemens. Proper transport, storage, installation, assembly, commissioning, operation and
maintenance are required to ensure that the products operate safely and without any problems. The permissible
ambient conditions must be complied with. The information in the relevant documentation must be observed.

All names identified by ® are registered trademarks of Siemens AG. The remaining trademarks in this publication
may be trademarks whose use by third parties for their own purposes could violate the rights of the owner.

Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the
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Preface

SINUMERIK 808D documentation
The SINUMERIK 808D documentation consists of the following components:

® Operating Instructions

Mechanical Installation Manual
Electrical Installation Manual
PLC Subroutines Manual
Function Manual

Parameter Manual

® Diagnostics Manual

® Commissioning Manual

® Programming and Operating Manual (Turning)

® Programming and Operating Manual (Milling)

® Manual Machine Plus (Turning)

® Online Help for Programming and Operating (Turning)

® Online Help for Programming and Operating (Milling)

® Online Help for Manual Machine Plus (Turning)

My Documentation Manager (MDM)

Under the following link you will find information to individually compile your documentation
based on the Siemens content:

www.siemens.com/mdm

Target group

This manual is intended for use by project engineers, technologists (from machine
manufacturers), system start-up engineers (control systems/machines), and programmers.

Benefits

This manual provides the target group with the information required for implementing the
desired functions.
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Standard scope

This documentation only describes the functionality of the standard version. Additions or
revisions made by the machine manufacturer are documented by the machine manufacturer.

Other functions not described in this documentation might be executable in the control.
However, no claim can be made regarding the availability of these functions when the
equipment is first supplied or in the event of servicing.

For the sake of simplicity, this documentation does not contain all detailed information about
all types of the product and cannot cover every conceivable case of installation, operation, or
maintenance.

Technical support

Hotline: +86 400-810-4288
Service and Support e China:

www.siemens.com.cn/808D
e Worldwide:

http://support.automation.siemens.com

EC Declaration of Conformity

The EC Declaration of Conformity for the EMC Directive can be found on the Internet at
http://support.automation.siemens.com

Here, enter the number 15257461 as the search term or contact your local Siemens office.

Licensing provisions

The SINUMERIK 808D software is protected by national and international copyright laws and
agreements. Unauthorized reproduction and distribution of this software or parts thereof is
liable to prosecution. It will be prosecuted both according to criminal and civil law and may
result in severe punishment or demands for compensation.

In the SINUMERIK 808D software, open source software is used. The licensing provisions
for this software are included on the Toolbox DVD and are to be observed accordingly.
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Introduction

Notations

The following notation and abbreviations are used in this documentation:

® Programmable logic control (PLC) interface signals -> IS "Signal name" (signal data)
Example: IS "Feedrate override" (DB380x.DBBO0)

The variable byte is located in the "to axis" range, x stands for the axis:

0 Axis 1
1 Axis 2

n Axis n+1.

® Machine data -> MD MD_NR MD_NAME (description)

e.g.: MD30300 IS_ROT_AX (rotary axis)

® Setting data -> SD SD_NR SD_NAME (description)
e.g.: SD41200 JOG_SPIND_SET_VELO (JOG velocity for the spindle)

® The chapter titles are supplemented by a code in brackets (e.g. Chapter 1: EMERGENCY
STOP (N2)). This brief description is used in cross references to other chapters.

The machine and setting data are divided into the following areas:

Range Data area Meaning

200 - 9999 SMM_ Display machine data

10,000 - 19,999 SMN_ General machine data

20,000 - 28,999 $MC_ Channel-specific machine data
30,000 - 38,999 $SMA_ Axis-specific machine data
41,000 - 41,999 $SN_ General setting data

42,000 - 42,999 $SC_ Channel-specific setting data
43,000 - 43,999 $SA_ Axis-specific setting data

Function Manual
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Introduction

Explanations for the technical data

Data types:
The following data types are used in the control:

e DOUBLE
Floating-point value (64-bit value)
Input limits from +/-4.19*10-307 to +/-1.67*10308

e DWORD
Integer values (32-bit values)
Input limits from -2,147,483,648 to +2,147,483,648 (decimal);
as hexadecimal value: 0000 through FFFF

e BYTE
Integer values (8-bit values)
Input limits from -128 to +127 (decimal); as hexadecimal value: 00 through FF

e BOOLEAN
Boolean value: TRUE (1) or FALSE (0)

e STRING
Consisting of max. 16 American Standard Code for Information Interchange (ASCII)
characters (upper-case letters, numbers and underscore)

Detailed explanations

e Detailed explanations for the machine/setting data and interface signals used can be
found in the SINUMERIK 808D Parameter Manual.

® Detailed explanations of the alarms which may occur can be found in the SINUMERIK
808D Diagnostics Manual.

See also

Various Interface Signals (Page [13)

Function Manual
12 Operating Instructions, 12/2012, 6FC5397-2EP10-0BA0



Various Interface Signals

2.1 General

Brief description

This chapter describes the functionality of various interface signals which are of general
relevance, but are not described in the function-specific chapters.

Interfaces

The exchange of signals and data between the PLC user program and the NCK (numerical
control kernel) or HMI (display unit) is performed via various data areas. The PLC user
program does not have to handle the exchange of data and signals. From the user's point of
view, this takes place automatically.

NCK General PLC
l@————— SignalstoNC ~ f@—————

General

—— - Signals fromNC |———#»
----------- User -
program

Operating modes

<§—— SignalstoNCK  @———

—— | Signals from NCK [———»

Channel

<¢———{ SignalstoNCK  [@——|

Channel
—— P Signals from NCK [————
I Spindle (n+1)
Axis n
I Axis 2 ]
Axis, Axis 1 |
Spindle

§—— Signals to NCK

—— ®{ Signals from NCK -

Figure 2-1 PLC/NCK interface

Function Manual
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Various Interface Signals

2.2 Signals from PLC to NCK

Cyclic signal exchange

2.2

2.2.1

The control and status signals of the PLC/NCK interface are updated cyclically.
The signals can be subdivided into the following groups (see previous figure):
® General signals

® Operating mode signals

e Channel signals

® Axis/spindle signals

Signals from PLC to NCK

Access authorization

Access authorization

14

Access to programs, data, and functions is user-oriented and controlled via protection levels.
The SINUMERIK 808D provides a concept of access levels for enabling data areas. You can
view such information from the table below:

Access level Default password Target group
Manufacturer (level 2) SUNRISE OEMs
Customer (level 3) CUSTOMER End users

No password - -

This provides a multi-level safety concept for controlling access rights.
Reference:

Commissioning Manual, Section: Access levels

Function Manual
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Various Interface Signals

222

2.2 Signals from PLC fo NCK

General signals

Delete distance-to-go (DB3200.DBX6.2)

IS "Delete distance-to-go (channel specific)" is only active for path axes.

With the rising edge of the interface signal, the distances-to-go of all axes in the geometry
grouping are deleted and thus brought to a standstill with ramp stop. The next program block
is then started.

Axis/spindle disable (DB380x.DBX1.3)

IS "Axis/spindle disable" can be used for test purposes.
Axis disable (for axis):

If IS "Axis disable" is output - for this axis - no more position partial setpoints are output to
the position controller; the axis travel is therefore disabled. The position control loop remains
closed and the remaining following error is reduced to zero. If an axis is moved with axis
disable the actual value position display shows the setpoint position and the actual velocity
value display shows the setpoint velocity even though the machine axis is not actually
moving. IS "RESET" (DB3000.DBXO0.7) sets the position actual value display to the real
actual value of the machine. Travel commands continue to be output to the PLC for this axis.
If the interface signal is cancelled again the associated axis can again traverse normally. If
the interface signal "Axis disable" is set for a traversing axis, the axis is stopped with a ramp
stop.

Spindle disable (for spindle):

If IS "Spindle disable" is set, no more speed setpoints are output to the speed controller in
openloop control mode and no more position partial setpoints are output to the position
controller in positioning mode. The movement of the spindle is thus disabled. The speed
actual value display displays the speed setpoint value. The spindle disable is cancelled via
"Reset" or program end (M2) and program restart. If interface signal "Spindle disable" is set
while a spindle is turning, the spindle is stopped according to its acceleration characteristic.

Deactivation:

Cancellation of the "Axis/spindle disable" (edge change 1 — 0) does not take effect until the
axis/spindle is stationary (i.e. an interpolation setpoint is no longer present). The new
movement begins with new specified setpoints. (E.g. new program block with movement
specifications in the "AUTO" operating mode.)

Note: actual values vary between simulated and real axis!

Follow-up mode (DB380x.DBX1.4)

Function Manual

If an axis/spindle is operating in follow-up mode, then its setpoint position is made to track
the current actual value position. The position setpoint in follow-up mode is not defined by
the interpolator but derived from the actual position value. Since recording of the actual
position value of the axis continues, it is not necessary to re-home the axis when follow-up
mode is cancelled.

Standstill, clamping and positioning monitoring are not effective in follow-up mode.

Operating Instructions, 12/2012, 6FC5397-2EP10-0BA0 15



Various Interface Signals

2.2 Signals from PLC to NCK

Effect:

The IS "Follow-up mode" is only of relevance if the drive controller enable has been removed
(e.g. by IS "Controller enable" = 0 signal or because of a fault in the control system), or
because controller enable is being re-issued.

IS "Follow-up mode" = 1:

If "Controller enable" is removed the position setpoint of the relevant axis is continuously
corrected to the actual value. This state is signaled to the PLC by means of IS "Follow-up
mode active" (DB390x.DBX1.3). If the "Controller enable" is enabled again and a part
program is active, a control internal re-positioning operation is initiated (REPOSA: linear
approach with all axes) to the last programmed position. Otherwise, the axis movement
starts at the new actual position (which may have changed).

IS "Follow-up mode" = 0:

If "Controller enable" is removed, the old position setpoint is maintained. If the axis is pushed
out of position, a following error between position setpoint and actual value results which is
corrected when IS "Controller enable" is set. The axis movement starts from the setpoint
position valid before the "controller enable" was removed. IS "Followup mode active"
(DB390x.DBX1.3) is set to 0 signal during the "Hold" state. Clamping or standstill monitoring
is active.

Position measuring system 1 (DB380x.DBX1.5)

A position measuring system may be connected to the spindle. In this case the signal for the
spindle has to be set.

Axes always require this signal. In this case, a position measuring system must be installed.

Controller enable (DB380x.DBX2.1)

16

When the controller enable is activated for the drive, the position control loop of the
axis/spindle is closed. The axis/spindle is then subject to position control.

When the controller enable is removed the position control loop and, with a delay, the speed
control loop of the axis/spindle are opened.

IS "Position controller active" (DB390x.DBX1.5) is set to 0 signal (checkback).

Activation:

The controller enable for the drive can be set and removed from the following places:

1. From the PLC user program with interface signal "Controller enable" (in normal cases)
Application: Removal of controller enable before clamping an axis/spindle.

2. The controller enable is cancelled internally by the control when certain faults occur in the
machine, the drive, the position measuring system or the control (when faults occur)

Application: The traversing axes must be brought to a standstill by a rapid stop due to a
fault.

3. By the control if the following event occurs: IS "EMERGENCY STOP" (DB2600.DBX0.1)
is active

Function Manual
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2.2 Signals from PLC fo NCK

Removal of controller enable for a moving axis/spindle:

® The spindle is braked to standstill with rapid stop taking account of MD36610
AX_EMERGENCY_STOP_TIME (duration of the braking ramp in error states). Alarm
21612 "Controller enable reset during movement" is then triggered.

® The position control loop of the axis/spindle is opened. Checkback signal to PLC with IS
"Position controller active" (DB390x.DBX1.5) = 0 state. The timer for the controller enable
delay time (MD36620 SERVO_DISABLE_DELAY_TIME (shutdown delay of controller
enable)) is also started.

® As soon as the actual speed has reached the zero speed range, the drive controller
enable is removed. Checkback signal to PLC with IS "Speed controller active"
(DB390x.DBX1.6) = 0 state. The controller enable of the drive is removed at the latest
after the time set in MD36620 SERVO_DISABLE_DELAY_TIME has expired.

e Notice: If the setting for the controller enable shutdown delay is too small the controller
enable will be removed even though the axis/spindle is still moving. The axis/spindle is
then stopped abruptly with setpoint 0.

® The actual position value of the axis/spindle continues to be acquired by the control.
This axis/spindle state cannot be changed until after "Reset".
Interpolatory axis grouping:

All the axes traversing within the interpolatory axis grouping are stopped as soon as the
controller enable signal is cancelled for one of the axes.

The axes are brought to a standstill as described above. All axes in the geometry grouping
are brought to a standstill with rapid stop. Alarm 21612 "Controller enable reset during
movement" is also triggered. Continued processing of the NC program after this event is no
longer possible.

223 Signals for digital drives, to axis/spindle

Speed controller integrator disabled (DB380x.DBX4001.6)

The PLC user program inhibits the integrator of the speed controller for the drive. The speed
controller is thus switched from Pl to P controller.

Pulse enable (DB380x.DBX4001.7)

The PLC user program enables the pulses for the axis/spindle. However, the pulse enable is
only activated for the drive module if all the enable signals are present.

Function Manual
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Various Interface Signals

2.3 Signals from NCK to PLC

2.3 Signals from NCK to PLC

2.3.1 General signals

Drives in cyclic operation (DB2700.DBX2.5)

The PLC is signaled via the NCK by means of a cyclical exchange of data that the available
drives have reached ramp-up status.

Drive ready (DB2700.DBX2.6)

The PLC is signaled via NCK that all available drives are ready to operate. IS "Drive Ready"
(group signal) is active on all axes and spindles.

NCK alarm is active (DB2700.DBX3.0)

The control sends this signal to the PLC to indicate that at least one NCK alarm is active. An
enquiry can be made via the channel-specific interface (DB3300.DBX4.7) as to whether a
processing stop has been triggered.

Ambient temperature alarm (DB2700.DBX3.6)

The ambient temperature or fan monitoring function has responded.

NCK alarm channel-specific active (DB3300.DBX4.6)

The control system sends this signal to the PLC to indicate that at least one NCK alarm is
active for the channel. To what extent this may influence whether the current program run
will be interrupted or aborted can be determined from IS "NCK alarm with processing stop is
active" (DB3300.DBX4.7).

External language mode active (DB3300.DBX4001.0)

The control system sends this signal to the PLC to indicate that the active program language
used for the part program is not a SIEMENS language. A language changeover has been
made with G291.

NCK alarm with processing stop present (DB3300.DBX4.7)

The control sends this signal to the PLC to indicate that at least one NCK alarm, which has
interrupted or aborted the current program run (processing stop), is active for the channel.

Follow-up active (DB390x.DBX1.3)
Follow-up mode for this axis is active.
See Section: Signals from PLC to NCK, follow-up mode (Page 15) (DB380x.DBX1.4)
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Various Interface Signals

2.3 Signals from NCK to PLC

Axis/spindle stationary (DB390x.DBX1.4)

The current velocity of the axis or actual speed of the spindle is within the range which is
defined as standstill. This range is defined with MD36060 STANDSTILL_VELO_TOL
(maximum velocity/speed for signal "Axis/spindle stationary").

Position control active (DB390x.DBX1.5)
The position control loop for the axis/spindle is closed; the position control function is active.

For details, see Controller enable (Page [15).

Speed control active (DB390x.DBX1.6)
The speed control loop for the axis/spindle is closed; the speed control function is active.

For details, see Controller enable (Page [15).

Current control active (DB390x.DBX1.7)

The current control loop for the axis/spindle is closed; the current control function is active.

Lubrication pulse (DB390x.DBX1002.0)

The IS "Lubrication pulse" is sent by the NCK and changes status once the axis/spindle has
traveled a greater distance than that set in MD33050 LUBRICATION_DIST (travel distance
for lubrication from PLC)

23.2 Signals for digital drives, from axis/spindle

Drive ready (DB390x.DBX4001.5)

Checkback signal indicating that the drive is ready. The conditions required for traversing the
axis/spindle are fulfilled.

Integrator for n-controller disabled (DB390x.DBX4001.6)

The speed-controller integrator is disabled. The speed controller has thus been switched
from Pl to P controller.

Pulse enabled (DB390x.DBX4001.7)

The pulse enable for the drive module is available. The axis/spindle can now be traversed.

Ramp-up procedure completed (DB390x.DBX4002.2)

This signal confirms that the actual speed value has reached the new setpoint allowing for
the tolerance band set in the drive. The ramp-up procedure is thus completed. Any
subsequent speed fluctuations due to load changes will not affect the interface signal.

Function Manual
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2.4 Signals from PLC to HMI

24 Signals from PLC to HMI

OP key disable (DB1900.DBX5000.2)

IS "OP key disable" can be applied to disable (1 signal) or enable (0 signal) the connected
keyboard.

Program number (DB1700.DBB1000)

A declared program number is transferred from the PLC to HMI if an NC program is selected
by the PLC. The current NC program selected can be stored via the command interface (see
DB1700.DBB1001) and also selected again.

With SINUMERIK 808D, a program with the program name (STRING) is administered. In the
assignment list, the names for a maximum of 255 programs can be declared and assigned.

The use of the numbers is divided into the protection areas of the programs:

e 1 to 100: User area (end user protection level)

e 101 to 200: Machine manufacturer (machine manufacturer protection level)
e 201 to 255: SIEMENS (SIEMENS protection level)

"Program number" (DB1700.DBB1000) corresponds to the following IS:

® "Program has been selected" (DB1700.DBX2000.0)

® "Program selection error" (DB1700.DBX2000.1).

When a program number > 0 is written, the program selection is started by the PLC. As soon
as the HMI detects a program number > 0, it begins with the internal processing of this job
and sets the program number (DB1700.DBB1000) to 0.

PLC waits until the acknowledgement signal from HMI is received: DB1700.DBX2000.0 or
DB1700.DBX2000.1 and evaluates this immediately. The acknowledge signals are available
for one PLC cycle once they have been received and are then automatically deleted by the
PLC operating system.

Command (DB1700.DBB1001)

A command job is transferred from the PLC to the HMI.

Command Action

0 None

1 Save name of the selected program

2 Select program with saved program name

"Command" (DB1700.DBB1001) corresponds to the following IS:
e "Execute command" (DB1700.DBX2001.0)
e "Command execution error" (DB1700.DBX2001.1)

Function Manual
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2.5 Signals from HM/ to PLC

When a command > 0 is written, the job is started by the PLC. As soon as the HMI detects a
command > 0, it begins with the internal processing of this job and sets the command
(DB1700.DBB1001) to O.

PLC waits until the acknowledgement signal has been reached by HMI: DB1700.DBX2001.0
or DB1700.DBX2001.1 and evaluates this immediately. The acknowledgement signals are
available for one PLC cycle once they have been received and are then automatically
deleted by the PLC operating system.

2.5 Signals from HMI to PLC

Program has been selected (DB1700.DBX2000.0)

Successful selection of the required NC program is signaled back from the HMI to the PLC.
This signal is available for one PLC cycle. It corresponds with DB1700.DBB1000.

Program selection error (DB1700.DBX2000.1)

Failed selection of the required NC program is signaled back from the HMI to the PLC. This
signal is available for one PLC cycle. It corresponds with DB1700.DBB1000.

Execute command (DB1700.DBX2001.0)

Successful execution of the required command is signaled back from the HMI to the PLC.
This signal is available for one PLC cycle. It corresponds with DB1700.DBB1001.

Command execution error (DB1700.DBX2001.1)

Failed execution of the required command is signaled back from the HMI to the PLC. This
signal is available for one PLC cycle. It corresponds with DB1700.DBB1001.

Function Manual
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2.6 User Interface
2.6 User Interface
2.6.1 General (OF)

Communication jobs can be performed via the "NC services" PLC/NCK interface. The
following services are available for this:

e Start program invocation services (Pl services) in the NCK area (e.g. asynchronous
subroutine (ASUP))

e Read variables from the NCK area
e \Write variables from the NCK area

The activation of the respective service is performed via the global part of the interface. The
parameterization of the individual services is described below.

Job, global part

Only one service can run at a time. The service is selected via DB1200.DBX0.1 and
DB1200.DBX0.2:

Service DB1200.DBX0.2 DB1200.DBX0.1
Start Pl service in the NCK area 1 0

Read variables from the NCK area 0 0

Write variables from the NCK area 0 1
Start:

A job is started by setting the signal DB1200.DBX0.0 = 1. A new job can only be started if
the previous job has been completed, i.e. the acknowledgement signals ("Job completed"
DB1200.DBX2000.0 and "Error in job" DB1200.DBX2000.1) must be zero.

The execution of a job may take several PLC cycles and vary depending on the utilization;
thus, this function is not real-time-capable.

Note

A job already started cannot be cancelled. If the "Start" signal is inadvertently reset before
receiving the acknowledgement, the result signals for this job are not refreshed; the job,
however, is executed.
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22 Operating Instructions, 12/2012, 6FC5397-2EP10-0BA0



Various Interface Signals

Job, global part

Function Manual

2.6 User Inferface

The results are written by the PLC operating system; therefore, these signals can only be
written by the user.

If the job was completed without errors, the "Job completed" signal DB1200.DBX2000.0 is
set to 1. If an error occurs while executing a read/write job, the "error in job" signal
DB1200.DBX2000.1 is set.

The result signals in DB1200.DBB2000 are global bits for the whole job. Possible error
causes can be here, e.g.:

o Number of variables (DB1200.DBX1) outside of the valid range
e Variable index (DB1200.DBX1000) outside of the valid range

After evaluating the result, the "Start" signal (DB1200.DBX0.0) is reset by the user. The PLC
operating system then resets "Job completed" or "Error in job".

0 ® ©60 ® 0O
" ]

oo @ o ® @

completed

Error in
job

Figure 2-2  Pulse diagram

Explanations regarding the pulse diagram:
1. Starting of the job by setting "Start" ("Job completed" and "Error in job" must be reset)

2. Job completed without errors (the results of the individual variables must still be
evaluated)

3. Resetting "Start" after receiving the result
4. Signal change by PLC operating system

5. If the "Start" signal is reset inadvertently before receiving the result, the output signals are
not refreshed without influence on the internal execution of the function triggered

6. Errorin job
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2.6 User Inferface

2.6.2

Initialization

Relevant interface signals

24

Pl service ASUP

With the ASUP PI service, it is possible to assign the interrupt numbers 1 and 2 fixed
program names from the PLC. Prerequisite for this is the existence of the PLCASUP1_SPF
or PLCASUP2_SPF programs in the CMA directory.

Pl index

Function

DB1200.DBB4001 = 1

Assignment of Interrupt 1 to the CMA_DIR/PLCASUP1_SPF program.
The interrupt has Priority 1.

DB1200.DBB4001 = 2

Assignment of Interrupt 2 to the CMA_DIR/PLCASUP2_SPF program.
The interrupt has Priority 2.

The following must be taken into account during the initialization:

® The Pl service ASUP requires executing only once after a restart and is then retained.

® An initialization may only be performed when the channel is not active.

e |f a "Ramp-up" program event has been configured, the initialization may only be started

after the end of the program event.

Address Name Valid values
Job DB1200.DBX4000.0 Start 0/1
DB1200.DBX4000.1 Write variable 0
DB1200.DBX4000.2 Pl service 1
DB1200.DBB4001 Pl index 1,2
Result DB1200.DBX5000.0 Request completed 0/1
DB1200.DBX5000.1 Error in job on

Function Manual
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2.6 User Interface

2.6.3 Reading variables from the NCK area

1 to 8 values can be read with a read job (variable x: 0...7). There is a variable-specific part
of the interface for this:

® Job: DB120x.DBB1000
® Result: DB120x.DBB3000

Job, variable-specific part
NC variable:

The NC variable is selected in the variable index (DB120x.DBB1000), see Section: NC
variable (Page 28)

Area number, column / line index (DB120x.DBB1001 ... DB120x.DBB1005)

Various variables are declared as fields. For flexible addressing, the relevant field index must
be specified as a column and/or line index (e.g. R parameter no.).

Values:
The range DB120x.DBB1008 ... 11 is not relevant for reading.

Result, variable-specific part
A result is reported for each variable in the job.

If the read process was successful, "Variable valid" (DB120x.DBX3000.0) is set to 1; the
access result DB120x.DBB3001 is 0.

When reading, the data from DB120x.DBB3004 are entered type-specifically.

In case of error, DB120x.DBX3000.0 remains "0", and an entry is made in the access result
DB120x.DBB3001:

® 0: No error

e 3: lllegal access to object
e 5: Invalid address

® 10: Object does not exist
Values:

When reading, the read data are in the range DB120x.DBB3004...7, in the data type specific
for the respective variable (if required, the values are converted from 64-bit to32-bit REAL).

Relevant interface signals

Address Name Valid values
Job, DB1200.DBX0.0 Start 0N
global part DB1200.DBXO0.1 Write variable 0
DB1200.DBX0.2 Pl service 0
DB1200.DBB1 Number of variables 1..8

Function Manual
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2.6 User Interface
Address Name Valid values
Job, DB120x.DBB1000 | Variable index See Section
variable-specific DB120x.DBB1001 Area number NC variable
part : (Page 28)
DB120x.DBB1002 Line index, NCK variable
DB120x.DBB1004 Column index, NCK variable
Job, DB1200.DBX2000.0 | Request completed 0N
global part DB1200.DBX2000.1 | Error in job 0/1
Result, DB120x.DBX3000.0 | Invalid variable 0/1
Va:'tab'e'spec'f'c DB120x.DBB3001 | Access result 0/3/5/10
a
P DB120x.DBB3004/ Value of NCK variable, data See Section
DB120x.DBW3004/ | type depends on variable index | NC variable
DB120x.DBD3004 (Page 28)
264 Writing variables from the NCK area

1 to 8 values can be written with a write job (variable x: 0...7). There is a variable-specific
part of the interface for this:

® Job: DB120x.DBB1000
® Result: DB120x.DBB3000

Job, variable-specific part
NC variable:

The NC variable is selected in the variable index (DB120x.DBB1000), see Section: NC
variable (Page 28)

Area number, column / line index (DB120x.DBB1001 ... DB120x.DBB1005)

Various variables are declared as fields. For flexible addressing, the relevant field index must
be specified as a column and/or line index (e.g. R parameter no.).

Values:

The values to be written must be entered in the range DB120x.DBB1008...11 in the data
type specific for the appropriate variable.

If necessary, the values are converted (e.g. NCL floating-point values (64-bit) into the PLC
format (32-bit) and vice versa). A loss of accuracy results from the conversion from 64-bit to
32bit REAL. The maximum accuracy of 32bit REAL numbers is approximately 107.

Result, variable-specific part
A result is reported for each variable in the job.

If the read process was successful, "Variable valid" (DB120x.DBX3000.0) is set to 1; the
access result DB120x.DBB3001 is 0.

When reading, the data as of DB120x.DBB3004 is entered type-specifically.

Function Manual
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2.6 User Interface

In case of error, DB120x.DBX3000.0 remains "0", and an entry is made in the access result
DB120x.DBB3001:

e (0: No error
e 3: |lllegal access to object
e 5:Invalid address

e 10: Object does not exist

Values:

The range DB120x.DBB3004...07 is not relevant for writing.

Relevant interface signals

Function Manual

Address Name Valid values

Job, DB1200.DBX0.0 Start 0/1

global part DB1200.DBXO0.1 Write variable 1
DB1200.DBX0.2 Pl service 0
DB1200.DBB1 Number of variables 1..8

Job, DB120x.DBB1000 Variable index See Section

variable-specific DB120x.DBB1001 Area number NC variable

part — - (Page 28)
DB120x.DBB1002 Line index, NCK variable
DB120x.DBB1004 Column index, NCK variable
DB120x.DBB3004/ Value of NCK variable, data
DB120x.DBW3004/ |type depends on variable index
DB120x.DBD3004

Job, DB1200.DBX2000.0 | Request completed 0N

global part DB1200.DBX2000.1 | Error in job 0/1

Result, variable-specific | DB120x.DBX3000.0 | Invalid variable 01

part DB120x.DBB3001 | Access result 0/3/5/10

Operating Instructions, 12/2012, 6FC5397-2EP10-0BA0
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2.7 NC variable

2.7 NC variable

Variable cuttEdgeParam

Compensation value parameters and cutting edge list with D numbers for a tool.

The meanings of the individual parameters depend on the type of the tool in question.
Currently, totally 25 parameters are reserved for each tool edge (but only a part of them is
loaded with values). To be able to remain flexible for future extensions, it is not
recommended to use a fixed value of 25 parameters for calculation, but the variable value
'numCuttEdgeParams' (variable index 2).

For a detailed description of the tool parameters, please refer to Chapter "Tool Offset
(Page 200)".

Variable cuttEdgeParam [r/w]

DB120x.DBB1000 | 1

DB120x.DBB1001

DB120x.DBW1002 | (EdgeNo - 1) * numCuttEdgeParams + ParameterNo (WORD)

DB120x.DBW1004 | T number (1...32000) (WORD)

DB120x.DBD1008 | Write: Data to NCK variable x (data type of the variables: REAL)

DB120x.DBD3004 | Read: Data from NCK variable x (data type of the variables: REAL)

Variable numCuttEdgeParams

Variable linShift

28

Number of P elements of an edge

Variable numCuttEdg_jeParams [r]

DB120x.DBB1000 |2

DB120x.DBB1001

DB120x.DBW1002 |-

DB120x.DBW1004 |-

DB120x.DBD1008 |-

DB120x.DBW3004 | Read: Data from NCK variable x (data type of the variables: WORD)

Translation of a settable work offset (channel-specific settable frames)
They only exist if MD18601 MM_NUM_GLOBAL_USER_FRAMES > 0.
There are the frame indices:

e 0: ACTFRAME = current resulting work offset

e 1: IFRAME = current settable work offset

e 2: PFRAME = current programmable work offset

e 3: EXTFRAME = current external work offset

Function Manual
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2.7 NC variable

4: TOTFRAME = current total work offset = total of ACTFRAME and EXTFRAME
5: ACTBFRAME = current total base frame

6: SETFRAME = current 1st system frame (PRESET, scratching)

7: EXTSFRAME = current 2nd system frame (PRESET, scratching)

8: PARTFRAME = current 3rd system frame (TCARR and PAROT with orientable tool
carrier)

9: TOOLFRAME = current 4th system frame (TOROT and TOFRAME)
10: MEASFRAME = result frame for workpiece and tool gauging

11: WPFRAME = current 5th system frame (workpiece reference points)
12: CYCFRAME = current 6th system frame (cycles)

The max. frame index is 12.

The value of numMachAxes is contained in the variable with variable index 4.

Variable linShift [r]

DB120x.DBB1000

3

DB120x.DBB1001

DB120x.DBW1002

Frame index * numMachAxes + axis number

DB120x.DBW1004

DB120x.DBD1008

DB120x.DBD3004

Read: Data from NCK variable x (data type of the variables: REAL)

Variable numMachAxes

No. of the highest existing channel axis

If there are no gap between channels, this corresponds to the number of existing axes in the

channel.

Variable numMachAxes [r]

DB120x.DBB1000

4

DB120x.DBB1001

DB120x.DBW1002

DB120x.DBW1004

DB120x.DBD1008

DB120x.DBW3004

Read: Data from NCK variable x (data type of the variables: WORD)

Function Manual
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2.8 Signals from PLC

Variable rpa

R parameters

Variable rpa [r/w]

DB120x.DBB1000

5

DB120x.DBB1001

DB120x.DBW1002

R number + 1

DB120x.DBW1004

DB120x.DBD1008

Write: Data to NCK variable x (data type of the variables: REAL)

DB120x.DBD3004

Read: Data from NCK variable x (data type of the variables: REAL)

Variable actLineNumber
Line number of the current NC block:
® (: Prior to program start
e -1: Not available due to error

e -2: Not available due to prspror

Variable actLineNumber [r]
DB120x.DBB1000 |6

DB120x.DBB1001 |-
DB120x.DBW1002 |-
DB120x.DBW1004 |-
DB120x.DBD1008 |-
DB120x.DBD3004 | Read: Data from NCK variable x (data type of the variables: DINT)

2.8 Signals from PLC

Commissioning mode
The ramp-up modes are signaled via bit 0 and bit 1 (DB1800.DBB1000) in the user interface.

Commissioning mode

DB1800.DBX1000.1

DB1800.DBX1000.0

Normal rampup

0

0

Ramp-up with default values

0

1

Ramp-up with saved data

1

0

30
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Axis Monitoring

3.1 Overview of monitoring functions

Overview of monitoring functions

® Motion monitoring functions

Contour monitoring
Position monitoring
Standstill monitoring
Clamping monitoring
Speed setpoint monitoring
Actual velocity monitoring

Encoder monitoring functions

® Monitoring of static limits

Function Manual

Limit switch monitoring
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3.2 Running monitoring

3.2

3.2.1

Function

Effectiveness

Effect

Remedy

32

Running monitoring

Contour monitoring

The principle on which the contour monitoring function works is the constant comparison of
the measured actual position value with that calculated from the NC position setpoint. For
the precalculation of the following error, a model is used that simulates the dynamics of the
position control including feedforward control.

So that the monitoring function does not respond incorrectly on slight speed fluctuations
(caused by changes of load) a tolerance band is allowed for the max. contour deviation.

If the permissible actual value deviation entered in MD36400 CONTOUR_TOL (tolerance
band contour monitoring) is exceeded, an alarm is signaled and the axes are stopped.

Contour monitoring is active for axes and position-controlled spindles.

If the contour deviation is too large, this has the following effect:
® Alarm 25050 "Contour monitoring" is triggered

® The axis/spindle is brought to a standstill via a speed setpoint ramp with rapid stop (with
open position control loop).
The braking ramp time is set in
MD36610 AX_EMERGENCY_STOP_TIME (braking ramp time for error states).

e |[f the axis/spindle is involved in interpolation with other axes/spindles, these are brought
to a standstill with rapid stop with following error reduction (position setpoint = 0).

® [ncrease tolerance band of monitoring in MD36400

® The actual "servo gain factor" must correspond to the desired servo gain factor set via
MD32200 POSCTRL_GAIN (servo gain factor).
With analog spindles:
MD32260 RATED_VELO (rated motor speed) and
MD32250 RATED_OUTVAL (rated output voltage) must be checked.

® Check optimization of the speed controller
® Check smooth running of the axes

® Check machine data for traversing movements
(feed override, acceleration, max. speeds, ... )

Function Manual
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3.2.2

Function

Effectiveness

Deactivation

Function Manual

3.2 Running monitoring

Position monitoring

In order to ensure that an axis reaches the required position within the specified time, the
timer that can be configured in MD36020 POSITIONING_TIME (time delay exact stop

fine) is started at the end of each motion block (setpoint has reached target) and, when the
timer runs out, a check made to ascertain whether the axis has reached its setpoint within
the tolerance of MD36010 STOP_LIMIT_FINE (exact stop fine).

For details on "Exact stop coarse and fine" see Chapter "Continuous Path Mode, Exact Stop
and Look-Ahead (Page 45)"

Vors —— Effective tolerance for standstill and clamping monitoring

Actual value

—|_|_ Interface signal
"Clamping

in progress" (V380x)

/ —_— N\ — — — — — — MD:
CLAMP_POS_TOL
Setpoint
o MD:
STANDSTILL_POS_TOL

MD:
STOP_LIMIT_COARSE

————— MD: STOP_LIMIT_FINE

T
> t
MD: "Exact stop fine" - interface signal
STANDSTILL "Exact stop course" - interface signal
DELAY_TIME =

MD: POSITIONING_TIME

Figure 3-1 Relation between position, standstill, and clamping monitoring

Positioning monitoring is always activated after the termination of motion blocks "according
to the setpoint” (setpoint has reached destination).

Position monitoring is active for axes and position-controlled spindles.

When the programmed "Exact stop limit fine" has been reached or a new setpoint has been
output (e.g. for positioning according to "Exact stop coarse" followed by a block change), the
position monitoring is deactivated.
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3.2 Running monitoring

Effect

If the limit value for "Exact stop fine" has not yet been reached when the positioning
monitoring time has elapsed, the following action is performed:

Output of alarm 25080 "Positioning monitoring"

The affected axis/spindle is brought to a standstill using a rapid stop (with open position
control loop) along a speed setpoint ramp.

The braking ramp duration is set in

MD36610 AX_EMERGENCY_STOP_TIME (braking ramp duration for error states).

If the axis/spindle is involved in interpolation with other axes/spindles, these are stopped
using a rapid stop with following error reduction (default for partial position setpoint = 0).

Cause of error/Remedy

Rule of thumb

34

Position controller gain too low --> change machine data for position controller gain
MD32200 POSCTRL_GAIN (servo gain factor)

Positioning window (exact stop fine), position monitoring time, and position controller gain
have not been coordinated --> change machine data:

MD36010 STOP_LIMIT_FINE (exact stop fine),

MD36020 POSITIONING_TIME (exact stop fine delay time),

MD32200 POSCTRL_GAIN (servo gain factor)

Positioning window large --> max. position monitoring time can be set to a relatively short
value

Positioning window small --> max. position monitoring time must be set to a relatively
long value

Position controller gain low --> max. position monitoring time must be set to a relatively
long value

Position controller gain high --> max. position monitoring time can be set to a relatively
short value

Note

The size of the positioning window affects the block change time. The smaller the
tolerances that are selected, the longer the positioning action will take, which in turn
means a longer time before the next command can be executed.

Function Manual
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3.2 Running monitoring

3.23 Standstill monitoring

Function

At the end of a motion block (position setpoint has reached target), a check is made as to
whether the axis is not more than the distance specified in MD36060
STANDSTILL_POS_TOL (standstill tolerance) away from its setpoint after the configurable
delay time in MD36040 STANDSTILL_DELAY_TIME (standstill monitoring delay time) has
expired. Otherwise, an alarm will be triggered.

Effectiveness
Standstill monitoring is always active after "Standstill monitoring delay time" active has
expired, as long as no new travel command is present.
Standstill monitoring is active on axes and position-controlled spindles.

Effect

When the monitoring function responds, it has the following effects:
® Alarm 25040 "Standstill monitoring" is triggered

® The affected axis/spindle is brought to a standstill with rapid stop (with open position
control loop) along a speed setpoint ramp. The braking ramp time is set in
MD36610 AX_EMERGENCY_STOP_TIME (duration of the braking ramp for error states).

e |[f the axis/spindle is involved in interpolation with other axes/spindles, these are stopped
by rapid stop with following error reduction (default for position partial setpoint = 0).

Cause of error / remedy

® Position control gain too high (control loop oscillation) --> change machine data for
control gain MD32200 POSCTRL_GAIN (servo gain factor)

e Standstill window too small --> change machine data
MD36030 STANDSTILL_POS_TOL (standstill tolerance)

® Axis is mechanically "pushed" out of position --> eliminate cause

Function Manual
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3.2 Running monitoring

3.24

Function

Effectiveness

Effect

36

Clamping monitoring

If the axis must be clamped once it has been positioned, the clamping monitoring function
can be activated via IS "Clamping in progress" (DB380x.DBX2.3).

This may be necessary as the axis can be forced further from the setpoint than the standstill
tolerance permits during the clamping process. The amount by which the axis may leave the
command position is specified in MD36050 CLAMP_POS_TOL (clamping tolerance for
interface signal "Clamping active").

Clamping monitoring is activated by the interface signal "Clamping active". It replaces
standstill monitoring during clamping.

Clamping monitoring is active on axes and position-controlled spindles.

If the axis is pushed out of position beyond the clamping tolerance during clamping the
following occurs:

® Alarm 26000 "Clamping monitoring" is triggered

® The affected axis/spindle is brought to a standstill with rapid stop (with open position
control loop) along a speed setpoint ramp. The braking ramp time is set in
MD36610 AX_EMERGENCY_STOP_TIME (duration of the braking ramp for error states).

e |f the axis/spindle is assigned to an interpolatory grouping with other axes/spindles, then
these are also braked by rapid stop with following error reduction (default for partial
position setpoint = 0).

Function Manual
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3.2.5

Function

Effectiveness

Effect

Function Manual

3.2 Running monitoring

Speed setpoint monitoring

Speed setpoint monitoring checks whether the setpoint specification does not exceed the
maximum permissible drive speed in MD 36210 CTRLOUT_LIMIT (maximum speed
setpoint). If required, the speed is limited to this value and the axis/spindle stopped and an
alarm output.

The maximum speed for the axes (in percent) exceeds the speed at which the velocity in
MD32000 MAX_AX_VELO is reached (100%). This also determines the control margin.

On an analog spindle the maximum speed that can be output must not exceed the speed
reached at the maximum setpoint output voltage of 10 V (100%).

The speed setpoint consists of the speed setpoint of the position controller and the
feedforward control parameter (if feedforward control is active).

Precontroller value

KV + \—/ To the

—>
Following error speed controller

Speed setpoint
monitoring

Position controller

Figure 3-2  Speed setpoint calculation

Speed setpoint monitoring is always active for axes and spindles.

The following occurs if the maximum speed setpoint value is exceeded:
® Alarm 25060 "Speed setpoint limiting" is triggered

® The affected axis/spindle is brought to a standstill using a rapid stop (with open position
control loop) along a speed setpoint ramp.

The braking ramp duration is set in MD36610 AX_EMERGENCY_STOP_TIME (braking
ramp duration for error states).

e [f the axis/spindle is involved in interpolation with other axes/spindles, these are stopped
using a rapid stop with following error reduction (default for partial position setpoint = 0).

Note

In the "Expert mode" access level (protection level 1), MD36220 CTRLOUT_LIMIT_TIME
can be used to set a delay time, after the expiration of which an alarm is output and the
axes are brought to a standstill. The default value of this time is zero.
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3.2 Running monitoring

Using speed setpoint limiting will turn the control loop into a non-linear control loop. This
generally causes contour deviations if speed setpoint limiting is continued for an axis. A
control margin must therefore be set.

Causes of errors

A measuring circuit error or drive error is present.

Setpoints are too high (accelerations, velocities, reducing factors).
Obstacle in work area (e.g. positioning on a working table)

Tachogenerator compensation has not been performed correctly for an analog spindle, or
a measuring circuit error or drive error is present.

3.2.6 Actual velocity monitoring

Function

This function monitors whether the actual velocity exceeds a permissible limit entered in
MD36200 AX_VELO_LIMIT (threshold value for velocity monitoring).

Effectiveness

The actual velocity monitor is operative whenever the active measuring circuit activated via
"Position measuring system 1" interface signal (DB380x.DBX1.5) is supplying actual values,
i.e. still operating below the limit frequency.

The actual velocity monitoring is active for axes and spindles.

Effect

If the "Threshold for velocity monitoring" is exceeded the following occurs:
e Alarm 25030 "Actual velocity alarm limit" is triggered

® The affected axis/spindle is brought to a standstill with rapid stop (with open position
control loop) along a speed setpoint ramp. The braking ramp time is set in MD36610
AX_EMERGENCY_STOP_TIME (duration of the braking ramp for error states).

e |[f the axis/spindle is assigned to an interpolatory grouping with other axes/spindles, then
these are also braked by rapid stop with following error reduction (default for partial
position setpoint = 0).

Troubleshooting tips
® Check actual values
® Check position control direction (control sense)
® Check MD36200 AX_VELO_LIMIT (threshold value for velocity monitoring)
® Check signal setpoint cable for analog spindles

Function Manual
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3.3 Static limitation monitoring

3.3 Static limitation monitoring
3.3.1 Limit switch monitoring
| I I |
2. SW limit switch HW limit switch Mechanical
(can be activated via PLC) end of traversing
range
1. SW limit switch EMERGENCY STOP

Figure 3-3  Overview of travel limits of a linear axis

3.3.2 Hardware limit switches

Function

Every axis has a hardware (HW) limit switch for each traversing direction, which prevents the
slide from moving out of the slide bed.

If the hardware limit switch is crossed, the PLC signals this to the NC via IS "Hardware limit
switch plus/minus" (DB380x.DBX1000.1 or .0) and the movement of all axes is stopped. The
braking method can be specified via MD36600 BRAKE_MODE_CHOICE (braking behavior
at hardware limit switch).

Effectiveness

HW limit switch monitoring is active after the control has started up in all modes.

Effect

e \When a hardware limit switch is passed in either direction, alarm 21614 "Hardware limit
switch + or -" is triggered.

® The axis is stopped according to the setting in MD36600 BRAKE_MODE_CHOICE
(braking behavior at hardware limit switch).

e |f the axis is assigned to an interpolatory grouping with other axes, then these are also
stopped according to the method selected in MD36600 BRAKE_MODE_CHOICE
(braking behavior at hardware limit switch).

® The direction keys in the approach direction are disabled.
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3.3 Static limitation monitoring

Remedy

® Reset
® Move in the opposite direction (in JOG mode)
® Correct the program

3.3.3 Software limit switches

Function

Effectiveness

Effect/reactions

40

They are used to limit the maximum traversing range on each individual axis.

There are two pairs of software limit switches for each machine axis. They are defined in the
machine axis system using the following machine data:

MD36100 POS_LIMIT_MINUS (1st software limit switch minus)

MD36110 POS_LIMIT_PLUS (1st software limit switch plus)

MD36120 POS_LIMIT_MINUS2 (2nd software limit switch minus)

MD36130 POS_LIMIT_PLUS2 (2nd software limit switch plus)

e Software (SW) limit switch monitoring is activated after reference point approach in all
modes.

® The position of the software limit switch can be approached.

® The 2nd software limit switch can be activated via the "2nd software limit switch
plus/minus" interface signal (DB380x.DBX1000.3 or .2) from the PLC. The change
becomes active immediately. The 1st software limit switch plus/minus is then de-
activated.

e The SW limit switch monitoring does not function for endlessly turning rotary axes, i.e. if
MD30310 ROT_IS_MODULO = 1. (Modulo conversion for rotary axis and spindle)

Based on the mode, different responses to an attempted software limit switch violation are
possible:
AUTO, MDA:

® The block that would violate the software limits switches is not started. The previous block
is terminated properly.

® Program execution is terminated.
® Alarm 10720 "Software limit switch + or -" is signaled.

JOG:

® The axis stops at the software limit switch position.

® Alarm 10621 "Axis at software limit switch + or -" is signaled.
® The direction keys in the approach direction are disabled.
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3.4 Supplementary conditions

Note
Switching over the software limit switch:

If the current position lies behind the new software limit switch when the software limit switch
is switched over, the axis is decelerated with the maximum permissible axial acceleration. If
an axis is involved in interpolation with other axes, these are also decelerated. Then a
contour violation may occur.

Remedy
® Reset
® Move in the opposite direction (in JOG mode)
® Correct the program

3.4 Supplementary conditions

To ensure that the monitoring functions respond correctly, it is important that the correct
values are entered in the following machine data:

General:
e MD31030 LEADSCREW_PITCH (leadscrew pitch)
® Gear ratio (load gearbox):
MD31050 DRIVE_AX_RATIO_DENOM (load gearbox denominator)
MD31060 DRIVE_AX_RATIO_NUMERA (load gearbox numerator)
Gear ratio (encoder), possibly for spindle:
MD31070 DRIVE_ENC_RATIO_DENOM (measuring gearbox denominator)
MD31080 DRIVE_ENC_RATIO_NUMERA (measuring gearbox numerator)
e MD32810 EQUIV_SPEEDCTRL_TIME
(Equivalent time constant speed control loop for feedforward control)
® Encoder resolution
MD31020 ENC_RESOL[0] (encoder pulses per revolution)

The associated machine data are described in Chapter "Velocities, Setpoint/Actual Value
Systems, Closed-Loop Control (G2)"

For analog spindle only:

e Qutput voltage / output speed relation
MD32260 RATED_VELO (rated motor speed)
MD32250 RATED_OUTVAL (rated output voltage)
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3.5 Data table

3.5 Data table

3.5.1

Machine data

Number ‘ Identifier

Name

Axis/spindle-specific

30310

ROT_IS_MODULO

Modulo conversion for rotary axis and spindle

32000

MAX_AX_VELO

Maximum axis velocity

32200

POSCTRL_GAIN [n]

Servo gain factor Kv

32250

RATED_OUTVAL

Rated output voltage

32260

RATED_VELO

Rated motor speed

32300

MAX_AX_ACCEL

Axis acceleration

32810

EQUIV_SPEEDCTRL_TIME [n]

Equivalent time constant speed control loop for
feedforward control

36000

STOP_LIMIT_COARSE

Exact stop coarse

36010

STOP_LIMIT_FINE

Exact stop fine

36020

POSITIONING_TIME

Time delay exact stop fine

36030

STANDSTILL_POS_TOL

Standstill tolerance

36040

STANDSTILL_DELAY_TIME

Delay time standstill monitoring

36050

CLAMP_POS_TOL

Clamping tolerance with "Clamping active"
interface signal

36060

STANDSTILL_VELO_TOL

Maximum velocity/speed "Axis/spindle stationary"

36100

POS_LIMIT_MINUS

1. Minus software limit switch

36110

POS_LIMIT_PLUS

1. Plus software limit switch

36120

POS_LIMIT_MINUS2

2. Minus software limit switch

36130

POS_LIMIT_PLUS2

2. Plus software limit switch

36200

AX_VELO_LIMIT [n]

Threshold value for velocity monitoring

36210

CTRLOUT_LIMIT[n]

Maximum speed setpoint

36300

ENC_FREQ_LIMIT n

Encoder frequency limit

36302

ENC_FREQ_LIMIT_LOW

Encoder limit frequency resynchronization

36310

ENC_ZERO_MONITORING [n]

Zero mark monitoring

36400

CONTOUR_TOL

Tolerance band contour monitoring

36500

ENC_CHANGE_TOL

High backlash values /
Maximum tolerance for actual position value
changeover

36600

BRAKE_MODE_CHOICE

Braking behavior at hardware limit switch

36610

AX_EMERGENCY_STOP_TIME

Length of the braking ramp for error states

36620

SERVO_DISABLE_DELAY_TIME

Cutout delay controller enable
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3.5 Data table

3.5.2 Interface signals

Number | .Bit Name

Axis/spindle-specific

DB380x.DBX1 5 Position measuring system 1

DB380x.DBX2 3 Clamping in progress

DB380x.DBX1000 |.0/.1 Hardware limit switch minus / hardware limit switch plus
DB380x.DBX1000 |.2/.3 2. Software limit switch minus / software limit switch plus
DB390x.DBX0 2 Encoder limit frequency exceeded 1

DB390x.DBX0 4 Referenced/synchronized 1
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3.5 Data table
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Continuous Path Mode, Exact Stop, and LookAhead 4

4.1

4.2

Brief description

For continuous path control, the Computerized Numerical Control (CNC) processes a part
program block by block. Only when the functions of the current block have been completed
is the next block processed. Various requirements with respect to machining or positioning
require different block change criteria. There are two ways that the path axes can behave at
block boundaries.

The first way is called "exact stop" and means that all path axes must have reached the set
target position depending on an exact-stop criterion before the next block change is initiated.
To be able to fulfill the criterion, the path axes must reduce the path velocity at every block
change which, however, delays the block change.

The second way is called "continuous path mode" and it attempts to avoid deceleration of
the path velocity at the block boundary in order to change to the next block with as little
change of path velocity as possible.

"LookAhead" is a procedure in continuous path mode that achieves velocity control with
LookAhead over several NC part program blocks.

General

Machine axes that are related interpolatively must have the same dynamic response, i.e. the
same following error at any given velocity.

The term path axes refer to all machining axes which are controlled by the interpolator
calculating the path points in such a manner that:

® All the axes involved start at the same time
e All the axes involved travel with the correct velocity ratios
e All the axes reach the programmed target position at the same time

The acceleration rates of the individual axes may vary depending on the path, e.g. circular
path.

Path axes can be geometry axes and special axes (e.g. workpiece turning axes that are
involved in the workpiece machining process).

Velocity for zero cycle blocks

Function Manual

The term zero cycle is applied to blocks whose path length is shorter than the distance that
can be traveled on the basis of the programmed set feedrate and the interpolator cycle
(time). For reasons of precision the velocity is reduced until at least one interpolator cycle is
required for the distance. The velocity is then equal to or less than the quotient of the path
length of the block and the interpolator (IPO) cycle.
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4.3 Exact stop

Stop for synchronization

4.3

Regardless of whether exact stop or continuous path mode is selected, the block change
can be delayed by synchronization processes which can stop the path axes. In exact stop
mode, the path axes are stopped at the end of the current block. In continuous path mode,
the path axes are stopped at the next block end point at which they can be decelerated
without violating their deceleration limits. The following synchronization processes cause
axes to stop.

® PLC acknowledgment

If acknowledgment by the PLC is required for an auxiliary function that is output before or
after the end of motion, the axes stop at the end of the block.

® Missing following blocks

If following blocks are conditioned too slowly (e.g. "External processing") the axes stop at
that last possible block boundary.

e Emptying of the buffer

If the NC part program requests that the run-in be synchronized with the main run (empty
the buffer, e.g. STOPRE), this involves an implicit block-related velocity reduction or
exact stop.

Stopping because of synchronization does not cause contour violations. However, stopping
is undesirable, especially in continuous path mode because it can cause backing off.

Exact stop

With the exact stop function (G60, G9), all the path axes must reach the programmed block
end point. Only when all path axes have reached the exact stop criterion is the block change
performed. The velocity at the block transition is practically zero.

That is:

® The path axes at the block end point are decelerated almost to rest without overshoot.
e The delay for fulfilling the exact stop criterion prolongs the machining time.

e The delay for fulfilling the exact stop criterion can cause backing off.

The use of the exact stop function is suitable for precise traversing of contours.

Exact stop is not suitable if

e Exact traversing of the contour on the basis of the criterion (e.g. exact stop fine) can
deviate from the programmed contour in order to achieve faster machining.

® An absolutely constant velocity is required.

Activate exact stop

46

The "Exact stop" function can be selected in the NC part program by command G60 or G9.
G60 is modal, G9 is non-modal. G9 is used if continuous path mode is to be interrupted.
Both exact stop functions only function with the selected exact stop criterion (G601, G602).
The "exact stop" function is de-selected with the continuous path mode function (G64).

Function Manual
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Exact-stop criteria

4.3 Exact stop

® Exact stop fine: G601

Interpolator end

This criterion is applied to monitor whether the actual/setpoint position deviation of the
axis has remained within a specific distance. The value of the permissible distance is
stored in MD36010 STOP_LIMIT_FINE (exact stop fine)

Exact stop coarse: G602

Functions as exact stop fine, although the monitoring window is stored in MD36000
STOP_LIMIT_COARSE (exact stop coarse). To permit a faster block change than with
the exact stop fine criterion, the exact stop coarse criterion is set to be larger than the
exact stop fine criterion.

T Block change times
\Y

t1 = Interpolator end

Actual value With G602

With G601

Setpoint

\
\
\
\
\
\
} Exact stop coarse > Exact stop fine
\

\

t1] t —»

Figure 4-1 Block change depending on exact-stop criteria

Interpolator end is achieved when the interpolator has calculated the setpoint velocity of the
axes from zero for an interpolation cycle. However, the actual positions of the path axes
have not reached the target (following error).

Irrespective of continuous-path mode or the active exact-stop criteria for the exact-stop
function, "interpolator end" transfers the auxiliary functions present in the block to the PLC if
they are to be output after the end of motion.

Function Manual
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4.4 Continuous path mode

4.4 Continuous path mode

441 General

In continuous path mode, the path velocity is not decelerated for the block change in order to
permit the fulfillment of an exact stop criterion. The objective of this mode is to avoid rapid
deceleration of the path axes at the block-change point so that the axis velocity remains as
constant as possible when the program moves to the next block. To achieve this objective,
the "LookAhead" function is also activated when continuous path mode (G64) is selected.

Continuous path mode causes:

Rounding of the contour.

Shorter machining times through elimination of braking and acceleration processes that
are required to comply with the exact-stop criterion.

Improved cutting conditions as the velocity is more uniform.

The continuous-path mode is suitable if a contour is to be traversed as quickly as possible.

Continuous-path mode is suitable if:

Implicit exact stop

A contour is to be traversed precisely.

An absolutely constant velocity is required.

In some cases, an exact stop needs to be generated in continuous path mode to allow the
execution of subsequent actions. In such situations, the path velocity is reduced to zero.

48

If auxiliary functions are output before the traverse motion, the previous block is only
terminated when the selected exact-stop criterion is fulfilled.

If auxiliary functions are to be output after the traverse motion, they are output after the
interpolator end of the block.

If an executable block contains no travel information for the path axes, the previous block
is terminated on reaching the selected exact stop criterion.

A block is terminated on interpolator end if the following block contains the changeover of
the acceleration profile BRISK/SOFT.

If the function "Empty buffer" (STOPRE) is programmed, the previous block is terminated
when the selected exact stop criterion is reached.

Function Manual
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4.4 Continuous path mode

Velocity = 0 in continuous path mode

Regardless of the implicit exact stop response, the path motion is braked down to zero
velocity at the end of the block in cases where:

® The time taken to position a spindle programmed with SPOS is longer than the travel time
of the path axes. The block change is carried out when the "exact stop fine" of the
positioning spindle is reached.

® A synchronization process needs to be carried out (see Section "General (Page 45)").

Auxiliary function output during traversal

4.4.2

Function

Function Manual

If the traversal time is not sufficient due to the programmed path length and velocity of the
block with auxiliary function output, the path velocity for the block is reduced such that the
acknowledgment of the auxiliary function can arrive with a PLC cycle time.

If the acknowledgment is not received within one PLC cycle time, the following prepared
block cannot be processed and the axes are braked to rest with setpoint = 0 (without
considering the acceleration limits).

If the acknowledgment is not received by the end of the block in long blocks in which the
velocity has not needed to be reduced on account of the PLC acknowledgment time, the
velocity is maintained until the end of the block and then reduced as described above.

If the acknowledgment arrives while the axis is decelerating, the axis is not accelerated back
up to the requested velocity.

Velocity reduction according to overload factor

This function lowers the path velocity in continuous path mode until the nontangential block
transition can be traversed in one interpolation cycle whilst respecting the deceleration limit
and taking an overload factor into account. With the reduced velocity, axis-specific jumps in
velocity are produced with a nontangential contour at the block transition. The jump in
velocity prevents the path velocity dropping to zero. This jump is performed if the axial
velocity was reduced with the axial acceleration to a velocity from which the new setpoint
can be reached with the jump.

The magnitude of the setpoint jump can be limited using an overload factor. Because the
magnitude of the jump is axial, the minimum jump of the path axes which are active during
the block change is considered during block transition. With a practically tangential block
transition, the path velocity is not reduced if the permissible axial accelerations are not
exceeded. In this way, very small angular changes in the contour can be overtraveled
directly.
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4.4 Continuous path mode

Overload factor

The overload factor restricts step changes in the machine axis velocity at the block transition.
To ensure that the velocity jump does not exceed the maximum load on the axis, the jump is
derived from the acceleration of the axis. The overload factor indicates the extent by which
the acceleration of the machine axis, which is set in MD32300 MAX_AX_ACCEL (axis
acceleration), may be exceeded for an IPO cycle.

The velocity jump is the product of:
axis acceleration * (overload factor-1) * interpolator cycle. The overload factor is 1.2.

Factor 1.0 means that only tangential transitions with finite velocity can be traversed. For all
other transitions, the velocity is reduced to zero by changing the setpoint.

Selection and deselection of velocity reduction

Continuous-path mode with velocity reduction according to overload factor can be selected
modally in every NC part program block by means of program code G64 (BRISK active, not
SOFT).

Continuous path mode G64 can be
® interrupted non-modally when exact stop G9 is selected,

e de-selected when exact stop G60 is selected.

443 Jerk limiting along the path through velocity reduction

Introduction

Reducing jerk

Jerk limit

50

With the jerk limiting along the path, another method of influencing the continuous-path
mode is introduced. While the "Velocity reduction according to overload factor" function limits
the rate of velocity change, the "Jerk limitation on path" function described here limits the
acceleration changes (jerks).

When sections of the contour consisting of blocks (e.g. circle straight line transitions) are
machined, step changes in the acceleration rate occur at the block transition in continuous
path mode.

The severity of such jerks can be reduced by decreasing the path velocity at transitions
between blocks containing different degrees of curvature. A smoother transition is thus
achieved between the contour sections.

The user specifies the maximum jerk, which may occur on a path axis during a block
transition, with MD32432 PATH_TRANS_JERK_LIM (maximum axis-specific jerk of a path
axis at the block transition).

Function Manual
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Activating

4.4.4

Function

Advantages

Function Manual

4.4 Continuous path mode

Jerk limiting at block transitions becomes active if continuous path mode is programmed with
G64 and SOFT acceleration characteristics. MD32432 PATH_TRANS_JERK_LIM must
contain a positive value.

Machine axis-specific jerk limiting

The axis-specific machine data MD32431 MAX_AX_JERK]..] can be used to set individual
changes in acceleration for each machine axis, like those that can already be set for
acceleration limits in machine data MD32300 MAX_AX_ACCEL.

MD32431 MAX_AX_JERK acts on the axes interpolated by the path if SOFT (smooth
acceleration curve) is active within a block.

A basic distinction is made between the axis acceleration curve within a block and at the
transition between two blocks.

The deployment of axis-specific machine data for the path offers the following advantages:

® |mmediate allowance is made in the interpolation for the dynamic response of the axes,
which can then be fully utilized for each axis.

e Jerk limitation for separate axes is performed not just in linear blocks, but also in curved
contours.

Please refer to Chapter "Acceleration (Page 55)" for more information on the subject of "jerk
limiting".
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4.5 [ ookAhead

4.5 LookAhead

Function

LookAhead is a procedure in continuous path mode (G64) that achieves velocity control with
LookAhead over several NC part program blocks beyond the current block.

Without LookAhead: If the program blocks only contain very small paths, a velocity per block
is achieved that permits deceleration of the axes at the block end point without violating
acceleration limits. This means that the programmed velocity was not actually reached
although a sufficient number of prepared blocks with virtually tangential path transitions were
available.

With the LookAhead function: It is possible to plan the acceleration and deceleration phase
with approximately tangential path transitions over several blocks in order to achieve a
higher feedrate with shorter distances. Deceleration to velocity limits is possible with
LookAhead such that violation of the acceleration and velocity limit is prevented.
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Figure 4-2  Comparison of the G60 and G64 velocity behavior with short travels in the blocks

LookAhead takes plannable velocity limits into consideration such as:
® Velocity limit in the block

® Acceleration limit in the block

e Velocity limit on block transition

® Synchronization with block change at block transition

e Exact stop at block end during termination

Function Manual
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4.5 [ ookAhead

Operating principle

Velocity profiles

LookAhead functionality is available only for path axes, but not for the spindle.

For safety reasons, the velocity at the end of the last prepared block must initially be
assumed to be zero because the next block might be very small or be an exact-stop block
and the axes must have been stopped by the end of the block. With a series of blocks with
high set velocity and very short paths, the speed can be increased in each block depending
on the velocity value currently calculated by the LookAhead function in order to achieve the
required set velocity. After this it can be reduced so that the velocity at the end of the last
block considered by the LookAhead function can be zero. This results in a sawtooth-shaped
velocity profile which can be avoided by reducing the set velocity for the number of blocks
considered by the LookAhead function (fixed value).

In addition to the fixed, plannable velocity limitations, LookAhead can also take account of
the programmed velocity. This makes it possible to achieve a lower velocity by applying
LookAhead beyond the current block.

Following block velocity

One possible velocity profile contains the determination of the following block velocity. Using
information from the current and the following NC block, a velocity profile is calculated from
which, in turn, the required velocity reduction for the current override is derived. The
calculated maximum value of the velocity profile is limited by the maximum path velocity.

With this function it is possible to initiate a speed reduction in the current block taking
override into account such that the lower velocity of the following block can be achieved. If
the reduction in velocity takes longer than the travel time of the current block, the velocity is
further reduced in the following block. Velocity control is only ever considered for the
following block.

Selection and deselection of LookAhead

Function Manual

If the continuous-path mode (G64) is selected LookAhead is called and de-
selected/interrupted with G60/G9.
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4.6 Data table
4.6 Data table
4.6.1 Machine data
Number | Identifier Name
Channel-specific
29000 LOOKAH_NUM_CHECKED_BLOCKS Number of blocks considered by the
LookAhead function
Axis/spindle-specific
32431 MAX_AX_JERK Maximum axis-specific jerk for path
movement
32432 PATH_TRANS_JERK_LIM Maximum axis-specific jerk for path
movement at block transition
36000 STOP_LIMIT_COARSE Exact stop coarse
36010 STOP_LIMIT_FINE Exact stop fine
36020 POSITIONING_TIME Delay time exact stop fine
4.6.2 Interface signals
Number | Bit ‘ Name

Channel-specific

DB3300.DBX0004 |.3 | All axes stationary

Axis/spindle-specific

DB390x.DBX0000 |.6 Position reached with exact stop coarse
DB390x.DBX0000 |.7 Position reached with exact stop fine
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5.1 Acceleration profiles

Abrupt acceleration changes

With the v/t-linear control of the axis velocity that is normally applied, the motion is controlled
such that the acceleration rate changes abruptly over time. With the discontinuous, stepped
acceleration, jerk-free starting and braking of the axes is not possible, but a time optimized
velocity/time profile can be implemented.

Acceleration with jerk limitation

The jerk is the change of acceleration over time. For jerk-limited acceleration the maximum
acceleration is not abrupt, but is specified by a ramp. Because of the softer acceleration
progression, the traverse time is longer than with abrupt acceleration for the same distance,
velocity and acceleration. This time loss can be compensated for by setting a higher
acceleration for the axes.

However, it has the following advantages:
® Reduced wear to mechanical parts of the machine

® Reduction of the excitation of high frequency, difficult to control vibrations of the machine.

5.2 Jerk limitation on interpolator level

Selection and deselection of jerk-limited acceleration

MD32431 MAX_AX_JERK (maximum axis-specific jerk during path motion) can limit the
change in acceleration per machine axis individually. It only acts on the axes interpolated by
the path when SOFT is active. Jerk limitation is implemented entirely on the interpolator
level.

Acceleration with jerk limitation is activated by:

The program code SOFT in the part program. SOFT is modal and causes deselection of the
abrupt acceleration profile (BRISK). If SOFT is programmed in a block with path axes, the
previous block is ended with exact stop.

Acceleration with jerk limitation (SOFT) is deactivated by:

The program code BRISK in the part program. BRISK is modal. If path axes are
programmed in a block with BRISK, the previous block is ended with exact stop. BRISK
activates the profile with abrupt acceleration changes associated with v/t-linear velocity
control.
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5.3 Jerk limitation in JOG mode

Applicability
Path-related jerk limitation is available for interpolating path axes in operating modes
"AUTO" and "MDA". The SOFT and BRISK acceleration profiles can be used in traverse
modes exact stop G9, G60, continuous path modes G64, and with LookAhead. The profiles
are also active with the dry run feedrate function. With alarms that trigger a rapid stop, both
acceleration profiles are inactive.
Further information about velocity, acceleration and jerk whilst traversing in continuous path
mode and at block transitions can be found in Chapter "Continuous Path Mode, Exact Stop
and LookAhead (B1)".
Note
We recommend setting the following machine data for each axis with the same values:
MD32431 MAX_AX_JERK and MD32432 PATH_TRANS_JERK_LIM (maximum axis-specific
jerk for path movement at block transition)

5.3 Jerk limitation in JOG mode
The jerk limitation is active for axes in JOG mode during
® jogging
e handwheel jogging
® repositioning.
The jerk limitation is not active during
e reference point approach with
® alarms that initiate a rapid stop.
Jerk limitation can be determined for specific axes. The acceleration response corresponds
with the SOFT acceleration profile of path-related jerk limitation. This limitation cannot be
deselected for the axes in the relevant modes.
The axes for which jerk limitation is to be programmed can be selected with MD32420
JOG_AND_POS_JERK_ENABLE. The permissible axis-specific maximum jerk is stored in
MD32430 JOG_AND_POS_MAX_JERK.

5.4 Data lists
Machine data

Number ‘ Identifier Name
Axis-specific
32300 MAX_AX_ACCEL Axis acceleration
32420 JOG_AND_POS_JERK_ENABLE Enabling axis-specific jerk limitation
32430 JOG_AND_POS_MAX_JERK Axis-specific jerk
32431 MAX_AX_JERK Maximum axis-specific jerk during path
movement
32432 PATH_TRANS_JERK_LIM Maximum axis-specific jerk during path
movement at the block transition
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6.1 General characteristics of traversing in JOG

JOG mode

Axes/Spindles can be traversed manually in JOG mode. The active mode is transmitted to
the PLC via the IS "Active mode: JOG" (DB3100.DBX0000.2) and is visible in the display,
see also Chapter "Operating Modes, Program Operation (Page 85)".

Traversing possibilities

Traversing the axes can be done via the traverse keys of a connected machine control panel
(manual travel) or via connected handwheels (handwheel jogging).

All machine axes can be traversed simultaneously using keys (with an appropriate version of
a user-specific machine control panel) or via handwheel, depending on the number of
handwheels connected. If several machine axes are moved simultaneously, there is no
interpolatory relation.

Coordinate systems
The user has the option of traversing axes in the coordinate systems:
® Machine coordinate system (MCS); machine axes manually traversable

e \Workpiece coordinate system (WCS); geometry axes manually traversable

Machine functions

Variants exist for manual traverse (the so-called machine functions):

® Continuous traversal

® [ncremental traversing (INC, preset number of traversing increments). An increment is
evaluated with 0.001 mm if the basic system setting is metric.

The PLC user program transfers a user-specific machine function queued at the machine
control interface to the relevant PLC/NCK interface. Here the axis-specific NCK/PLC
interface should be used for a machine axis/spindle, and the channel-specific NCK/PLC
interface should be used for a geometry axis or valid for all axes/spindles and geometry
axes: Signals in the operating mode range (see also following section).

Handwheel jogging

The axes can also be traversed via the handwheel in MCS or WCS. Incremental traversing

(INC...) must be set to evaluate the handwheel pulses (see Section "Handwheel traversal in
JOG (Page 63)").
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6.1 General characteristics of traversing in JOG

Traversing the geometry axes

If workpieces whose workpiece coordinate system is not parallel to the machine coordinate
system are being machined (inclined clamping, programmed rotation active in the contour),
traversing can be done along the axes of the workpiece coordinate system via the traverse
keys or handwheel. In the stopped state, switch from the operating mode "AUTO" to "JOG"
and traverse a geometry axis instead of a machine axis. Depending on the active rotation of
the workpiece coordinate system, between one and three machine axes move.

If a machine axis is traversed, this cannot also be moved via the traverse keys of a geometry
axis. The traversing motion of the machine axis must first have been completed - otherwise
alarm 20062 "Axis already active" is output. Two geometry axes can be traversed
simultaneously with the handwheels 1 and 2.

Note

A separate, channel-specific PLC interface supplies geometry axes.

Transverse axis in "turning" technology

A geometry axis is defined as a transverse axis. If radius programming (DIAMOF) is selected
instead of diameter programming (DIAMON), the following must be noted when traversing in
JOG:

e Continuous traversing: There are no differences when a transverse axis is traversed
continuously.

® [ncremental traversing: Only half the distance of the selected increment size is traversed.

e Traversing with the handwheel: As for incremental travel, with the handwheel only half
the distance is traversed per handwheel pulse.

Spindle manual travel

Velocity

58

The spindle can also be traversed manually in the JOG mode. Essentially the same
conditions apply as for manual traverse of machine axes. With JOG, the spindle can be
traversed via the traverse keys/ IS "continuous" or "INC...". The mode is selected and
activated via the axis-/spindle-specific PLC interface as for the axes.

Spindle manual travel is possible in positioning mode (spindle in position control) or in open-
loop control mode. The parameter set (machine data) of the current gear stage applies.

The velocity of the axes/spindle during manual traverse in JOG is defined by the following
default values:

® For linear axes with the general SD41110 JOG_SET_VELO (JOG velocity with G94) or
for rotary axes with SD41130 JOG_ROT_AX_SET_VELO (JOG velocity for rotary axes)
or SD41200 JOG_SPIND_SET_VELO (JOG velocity for the spindle).

e |f the corresponding SD is zero, the appropriate axis-specific MD32020 JOG_VELO
(conventional axis velocity) applies. In this case, the value of the assigned machine axis
is used for geometry axes: X->X1, Y->Y1, Z->Z1 (for default setting).
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6.1 General characteristics of traversing in JOG

Rapid traverse override

Velocity override

Acceleration

PLC interface

Function Manual

If in the case of machine axes the rapid traverse override key is pressed at the same time as
the traversing keys, then the movement is executed at the rapid traverse velocity set in axis-
specific MD32010 JOG_VELO_RAPID (axis velocity in JOG mode with rapid traverse
override).

The value of the assigned machine axis is used for geometry axes: X->X1, Y->Y1, Z->Z1 (for
default setting). The separate PLC interface area of the geometry axes must be used for
control.

The velocity at which axes traverse in JOG can also be influenced by the axis-specific
feedrate override switch for machine axes, provided that axis-specific IS "Override active"
(DB380x.DBX0001.7) is set. If the switch is set at 0%, the axis is not traversed - even if IS
"Override active" is not set.

The channel-specific feedrate override switch applies to geometry axes, or, in the case of
rapid traverse override, the rapid traverse override switch.

The activated spindle override switch applies to the spindle.

The maximum axis acceleration is defined with the axis-specific MD32300 MAX_AX_ACCEL.
The acceleration can also be set via a preset characteristic curve in JOG mode. The
possible settings are described in Chapter "Acceleration (Page 55)".

A separate PLC interface (DB3200.DBB1000, ff or DB3300.DBB1000, ff ) exists for
geometry axes (axes in WCS) that contains the same signals as the axis-specific PLC
interface.

When the spindle is traversed manually, the PLC interface signals between the NCK and
PLC have the same effect as for machine axes. Interface signals "Position reached with fine
or coarse exact stop" are only set if the spindle is in position control.

In the case of interface signals that are only spindle-specific, while the spindle is traversing in
JOG, the following should be noted:

e The following PLC interface signals to the spindle have no effect:
— 1S "Invert M3/M4" (DB380x.DBX2001.6)

— IS "Set direction of rotation ccw" or "Set direction of rotation cw" (DB380x.DBX2002.7
or .6)

— IS "Oscillation speed" (DB380x.DBX2001.5)

® The following PLC interface signals from the spindle are not set:
— IS "Actual speed cw" (DB390x.DBX2001.7)
— 1S "Spindle in setpoint range" (DB390x.DBX2001.5)
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6.1 General characteristics of traversing in JOG

Limitations

60

Note

A reset causes the manual traverse motion (axis/spindle) to be terminated with brake
ramp.

The following limitations are active for manual travel:
e Software limit switches 1 or 2 (axis must be referenced)
® Hardware limit switches

The control ensures that the traversing movement is aborted as soon as the first valid
limitation has been reached. Velocity control ensures that deceleration is initiated early
enough for the axis to stop exactly at the limit position (e.g. software limit switch). Only when
the hardware limit switch is triggered does the axis stop abruptly with "rapid stop".

An alarm is output when the corresponding limit is reached. The control automatically
prevents further movement in this direction. The traversing keys and the handwheel have no
effect in this direction.

Note

The software limit switches are only active if the axis has previously been referenced.

Note

The function for retracting an axis that has approached the limit position depends on the
L] machine manufacturer. Please refer to the machine manufacturer's documentation!

For further information on working area limits and hardware and software limit switches see
Chapter "Axis Monitoring (Page 31)".
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6.2 Continuous travel

6.2 Continuous travel

Selection

When JOG mode is selected, the active machine function "continuous" interface signal is set
automatically:

® For geometry axes: DB3300.DBX1001.6, DB3300.DBX1005.6, DB3300.DBX1009.6
® For machine axes/spindle: DB390x.DBX0005.6

Continuous mode in JOG mode can also be selected via the PLC interface (IS "Machine
function: continuous"). The PLC defines via the "INC inputs in mode group range active"
interface signal (DB2600.DBX0001.0) the signal range within which INC/continuous signals
are delivered to the NCK:

DB2600.DBX0001.0~ in the operating mode range: DB3000.DBB0002,
=1

valid for all axes
DB2600.DBX0001.0~ in the geometry axis / axis range:
=0
DB3200.DBB1001, DB3200.DBB1005,
DB3200.DBB1009, DB380x.DBB0005

Traversing keys +/-

The plus and minus traversing keys are selected to move the relevant axis in the appropriate
direction.

Traverse key signals PLC to NCK IS:
® For geometry axes (traverse in WCS):

DB3200.DBX1000.7/.6, DB3200.DBX1004.7/.6, DB3200.DBX1008.7/.6
® For machine axes / spindle (traverse in MCS): DB80x.DBX004.7/.6

If both traversing keys of an axis are pressed simultaneously, there is no traversing
movement, or, if an axis is in motion, it is stopped.

Motion command +/-

As soon as a traverse request for an axis/spindle is active (e.g. after selection of a traverse
key), the IS "Travel command+" or "Travel command-" is sent to the PLC (depending on
selected traverse direction):

® For geometry axes: DB3300.DBX1000.7/.6, DB3300.DBX1004.7/.6,
DB3300.DBX1008.7/.6

® For machine axes / spindle: DB390x.DBX004.7 /.6
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6.3 Incremental travel (INC)

Continuous travel in jog mode

The axis traverses for as long as the traverse key is held down if no axis limit is reached first.
When the traversing key is released, the axis is decelerated to standstill and the movement
comes to an end.

6.3 Incremental travel (INC)

Programming increments

The path to be traversed by the axis is defined by so-called increments (also called
"incremental dimensions"). The required increment must be set by the machine user before
the axis is traversed.

The setting is made on the machine control panel, for example. After the corresponding logic
operation, the IS "Machine function: INC1 to INCvar" associated with the required increment
must be set by the PLC user program after it has been correctly linked. The PLC defines via
the "INC inputs in mode group range active" interface signal (DB2600.DBX0001.0) the signal
range within which INC signals are delivered to the NCK:

DB2600.DBX0001.0=1 - in the operating mode range: DB3000.DBB0002,
valid for all axes

DB2600.DBX0001.0=0 - in the geometry axis / axis range:
DB3200.DBB1001, DB3200.DBB1005,
DB3200.DBB1009, DB380x.DBB0005

The active machine function IS "INC... " is signaled by the NCK to the PLC:
® For geometry axes: DB3300.DBX1001.0, DB3300.DBX1005.0, DB3300.DBX1009.0 to .5
® For machine axes / spindle: DB390x.DBX0005.0 to .5

Settable increments
The operator can set different increment sizes:

® Fixed increments whose increment sizes are common to all axes: INC1, INC10, INC100,
INC1000 (only via IS: INC10000).

e A variable increment (INCvar). The increment setting for the variable increment can also
be made for all axes using general SD41010 JOG_VAR_INCR_SIZE (size of the variable
increment for INC/handwheel).

Traverse keys and travel command

As for continuous traversing (see Section "Continuous travel (Page 61)")

Abort traversing movement

If you do not want to traverse the whole increment, the traverse movement can be aborted
with RESET or "Delete distance-to-go" interface signal (DB380x.DBX0002.2).
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6.4 Handwheel traversal in JOG

Selection

JOG mode must be active. The user must also set the increment INC1, INC10, etc., which
applies to handwheel travel.

Up to 2 handwheels can be connected. This means that up to 2 axes can be traversed by
handwheel simultaneously and independently.

A handwheel is assigned to the geometry or machine axes (WCS or MCS) via interface
signals.

The axis to be moved as a result of rotating handwheel 1 to 2 can be set:
® Via the PLC user interface with IS "Activate handwheel 1 to 2"
— For machine axis (traverse in MCS): DB380x.DBX0004.0 to .2

— For geometry axis (traverse in WCS): DB3200.DBX0000.0 to .2, DB3200.DBX0004.0
to .2, DB3200.DBX0008.0 to .2.

The assignment is linked to the PLC interface through the PLC user program. Only here
can several machine axes be assigned to one handwheel simultaneously.

® Using menu-assisted operation (HMI). Pressing the "Handwheel" softkey in the JOG-
mode basic menu displays the "Handwheel" window. This enables an axis (WCS or MCS)
to be assigned to each handwheel.

A separate user interface between the HMI and PLC is provided to allow activation of the
handwheel from the operator panel (HMI). This interface that the basic PLC program
supplies for handwheels 1 to 2 contains the following information:

® The axis numbers assigned to the handwheel IS "Axis number handwheel n"
(DB1900.DBB1003, ff)

® Additional information on the machine or geometry axis
IS "Machine axis" (DB1900.DBB1003.7, ff)

The "Activate handwheel" interface signal is either set to "0" (disable) or to "1" (enable) by
the PLC user program for the defined axis.

Settings as path or velocity

When the electronic handwheel is turned, the assigned axis is traversed either in the positive
or negative direction depending on the direction of rotation.

The general MD11346 HANDWH_TRUE_DISTANCE (handwheel path or velocity
specification) can be used to set the setting type of the handwheel motion and thus adapted
to the intended use.
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6.4 Handwheel traversal in JOG

Evaluation

e MD value = 0 (default):

The settings from the handwheel are velocity specifications. When the handwheel is
stationary, braking is realized along the shortest path.

e MD value = 1:

The settings from the handwheel are path specifications. No pulses are lost. Limiting the
velocity to the maximum permissible value can cause the axes to overtravel. Particular
care should be taken in the case of a high weighting of the handwheel pulses. Further
variants of the path or speed setting are possible with the value = 2 or 3.

The traversing path/velocity produced by rotation of the handwheel is dependent on the
following factors:

e Number of handwheel pulses received at the interface
e Active increment (machine function INC1, INC10, INC100, ... )
An increment is evaluated with 0.001 mm if the basic system setting is metric.

® Pulse weighting of the handwheel using general MD11320 HANDWH_IMP_PER_LATCH
(handwheel pulses per locking position)

Motion command +/-

Velocity

While the axis is moving, the "Travel command+" or "Travel command-" interface signal is
transmitted to the PLC depending on the direction of motion.

® For geometry axes: DB3300.DBX1000.7/.6, DB3300.DBX1004.7/.6,
DB3300.DBX1008.7/.6

® For machine axes / spindle: DB390x.DBX004.7/.6.

If the axis is already being moved using the traversing keys, the handwheel cannot be used.
Alarm 20051 "Jogging with the handwheel not possible" is output.

The velocity results from the pulses generated by the handwheel and the pulse evaluation:
Traverse path per time unit. This velocity is limited by the value in the axis-specific MD32000
MAX_AX_VELO.

Abortion/interruption of traversing movement

64

The traversing movement is aborted as the result of a RESET or the axis-specific IS
"Deletion of distance-to-go" (DB380x.DBX0002.2). The setpoint/actual-value difference is
deleted.

NC STOP only interrupts the traversing movement. NC START releases the handwheel
motion again.
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6.4 Hanadwheel traversal in JOG

Movement in the opposite direction

Depending on MD11310 HANDWH_REVERSE, the behavior when the traversing direction is
reversed is as follows:

e MD value = 0:

If the handwheel is moved in the opposite direction, the resulting distance is computed
and the calculated end point is approached as fast as possible: If this end point is located
before the point where the moving axis can decelerate in the current direction of travel,
the unit is decelerated and the end point is approached by moving in the opposite
direction. If this is not the case, the newly calculated end point is approached
immediately.

e MD value > 0:

If the handwheel is moved in the opposite direction by at least the number of pulses
indicated in the machine data, the axis is decelerated as fast as possible and all pulses
received until the end of interpolation are ignored. That means, another movement takes
place only after standstill (setpoint side) of the axis (new function).

Response at software limit switches

When axes are traversed in JOG mode, they can traverse only up to the first active limitation
before the corresponding alarm is output.

Depending on the machine data MD11310 HANDWH_REVERSE, the behavior is as follows
(as long as the axis on the setpoint side has not yet reached the end point):

e MD value = 0:

The distance resulting from the handwheel pulses forms a fictitious end point which is
used for the subsequent calculations: If this fictitious end point is positioned, for example,
10 mm behind the limitation, these 10 mm must be traversed in the opposite direction
before the axis traverses again. If a movement in the opposite direction is to be
performed immediately after a limit, the fictitious distance-to-go can be deleted via IS
"Delete distance-to-go" (DB380x.DBX0002.2) or by deselecting of the handwheel
assignment.

e MD value > 0:

All handwheel pulses leading to an end point behind the limitation are ignored. Any
movement of the handwheel in the opposite direction leads to an immediate movement in
the opposite direction, i.e. away from the limitation.
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6.5 Fixed point approach in JOG

6.5 Fixed point approach in JOG
6.5.1 Introduction
Function

The machine user can use the "Approach fixed point in JOG" function to approach axis
positions defined using machine data by actuating the traversing keys of the Machine
Control Panel or by using the handwheel. The traveling axis comes to a standstill
automatically on reaching the defined fixed point.

Applications

Typical applications are, for example:

Requirements

Approaching a basic position before starting an NC program.

Travel towards tool change points, loading points and pallet change points.

The "Approaching fixed point in JOG" can be activated only in the "JOG" mode.

The function cannot be enabled in the JOG-REPOS and JOG-REF sub-modes and in
JOG in the "AUTO" mode.

The axis to be traversed must be referenced.

A kinematic transformation may not be active.

The axis to be traversed must not be a synchronized axis of an active coupling.
No ASUPs are executed.

Approaching a fixed point with G75

The process for approaching defined fixed points can be activated from the part program too
using the c75s command.

For more information on approaching fixed points with 75, refer to the SINUMERIK 808D
Programming and Operating Manual, Section: "Fixed point approach".
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6.5.2

Procedure

Activation

Sequence

6.5 Fixed point approach in JOG

Functionality

Procedure in "Approaching fixed point in JOG"
® Selection of JOG mode
® Enabling the "Approach fixed point in JOG" function

® Traversing of the machine axis with traverse keys or handwheel

The PLC sets the interface signal after the "Approach fixed point in JOG" function is
selected:
"JOG - Approach fixed point" (DB380x.DBX1001.0-2)

The number of the fixed point to be approached is output using bit O - 2 in binary code. The
NC confirms activation with the following interface signal as soon as the function takes
effect:

"JOG - Approaching fixed point active" (DB390x.DBX1001.0-2)

The actual traversing is started with the traverse keys or the handwheel in the direction of
the approaching fixed point.

The selected machine axis traverses till it comes to an automatic standstill at the fixed point.

The corresponding NC/PLC interface signal is sent on reaching the fixed point with "Exact
stop fine":
"JOG - Approaching fixed point reached" (DB390x.DBX1001.3-5)

This display signal is also reported if the axis reaches the fixed point position in the machine
coordinate system using other methods (e.g. NC program, synchronized action) at the
setpoint end, and comes to a standstill at the actual-value end within the "Exact stop fine"
tolerance window (MD36010 STOP_LIMIT_FINE)

Movement in the opposite direction

Function Manual

The response while traversing in the opposite direction (i.e. in the opposite direction to the
one used when approaching the fixed point) depends on the setting of bit 2 in the following
machine data:

MD10735 JOG_MODE_MASK (settings for JOG mode)

Traversing in the opposite direction is only possible if bit 2 is set.

Traversing in the opposite direction is blocked if bit 2 is not set, and the following channel
status message is output if an attempt is made (using the traversing keys or the handwheel)
to traverse in the opposite direction to the one used when approaching the fixed point:

"JOG: <Axis> direction blocked"
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6.5 Fixed point approach in JOG

Approaching other fixed point

If a different fixed point is set during the fixed-point approach, the axis motion is stopped and
the following alarm is signaled:
Alarm 17812 "Channel %1 axis %2 fixed-point approach in JOG: Fixed point changed"

The message signal "JOG - Approaching fixed point active" displays the number of the newly
selected fixed point. The JOG traverse must be triggered again to continue traversing.

Note
To avoid the alarm message, the machine user should proceed as follows:
1. Cancel the current traverse movement with residual distance deletion.

2. Activate fixed point approach for another fixed point and start the operation after the axis
comes to a standstill.

Withdrawal from fixed point / deactivation

To withdraw from a fixed position, you must deactivate the "Approaching fixed point in JOG"
function. This is done by resetting the activation signal to "0".
DB380x.DBX1001.0-2=0

The message signals "JOG - Approaching fixed point active" and "JOG - Approaching fixed
point reached" are canceled on leaving the fixed-point position.

Special case: Axis is already on fixed point

The axis cannot be moved if, while starting the fixed point traverse, the axis is already at the
position of the fixed point to be approached. This is displayed through the following channel
status message:

"JOG: <Axis> position reached"

To withdraw from the fixed position, you must deactivate the "Approaching fixed point in
JOG" function.

Special features of incremental travel

If, during incremental travel, the fixed point is reached before the increment is completed,
then the increment is considered to have been completed fully. This is the case even when
only whole increments are traveled.

MD11346 HANDWH_TRUE_DISTANCE =2 or 3

Features of modulo rotary axes

Modulo rotary axes can approach the fixed point in both directions (bit 2 of MD10735 has no
significance for them). No attempt is made to follow the shortest path (pc) during the
approach.
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Features of spindles

A spindle changes to the positioning mode on actuating the "Approaching fixed point in JOG"
function. The closed loop position control is active and the axis can traverse to the fixed
point.

If a zero mark has not been detected, the following alarm message is output (as with axis
operation):
Alarm 17810 "Channel %1 axis %2 not referenced"

As a spindle must also be a modulo rotary axis at all times, the same conditions apply for
direction observation as for modulo rotary axes (refer to the paragraph "Features of modulo
rotary axes")

6.5.3 Parameter setting

Movement in the opposite direction

The response while traversing in the opposite direction, i.e., against the direction of the
approaching fixed point depends on the setting of Bit 2 in the machine data:

MD10735 JOG_MODE_MASK (settings for JOG mode)

Bit | Value |Description

2 0 Travel in the opposite direction is not possible (default setting).
1 Movement in the opposite direction is possible.

Fixed point positions

A maximum of 4 fixed point positions can be defined for each axis via the following machine
data:

MD30600 FIX_POINT_POS[n]

Number of valid fixed point positions

The number of valid fixed point positions of an axis is defined via the machine data:
MD30610 NUM_FIX_POINT_POS

Note

"Approaching fixed point with G75" constitutes an exception here. In this case, it is also
possible to approach two fixed-point positions with one setting (MD30610 = 0).
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6.5 Fixed point approach in JOG

6.5.4 Programming

System variables

The following system variables that can be read in the part program and in the synchronous
actions for the "Approach fixed point" function.

System variable Description

$AA_FIX_POINT_SELECTED [<Axis>] Number of fixed point to be approached

$AA_FIX_POINT_ACT [<Axis>] Number of the fixed point on which the axis is
currently located

6.5.5 Supplementary Conditions

Axis is indexing axis

The axis is not traversed and an alarm is output if the axis to be traversed is an indexing axis
and the fixed point position to be approached does not match an indexing position.

Frames active

All active frames are ignored. Traversing is performed in the machine coordinate system.

Offset values active

Active compensation values (external work offset, synchronized action offset $AA_OFF,
online tool offset) are also applied. The fixed point is a position in the machine coordinates
system.

An alarm is signaled if an offset movement (external work offset, synchronized action offset
$AA_OFF, online tool offset) is made during a fixed-point approach in JOG. The position of
the fixed point to be approached in the machine coordinates system is not reached; instead
a position that would have been reached without active offset movement is reached. The
NC/PLC interface signal "JOG - Approaching fixed point reached" (DB390x.DBX1001.3-5) is
not signaled.

Function Manual
70 Operating Instructions, 12/2012, 6FC5397-2EP10-0BA0




Manual Operation and Handwheel traversal
6.5 Fixed point approach in JOG

6.5.6 Application example

Target

A rotary axis (machine axis 4 [AX4]) is to be moved to Fixed Point 2 (90 degrees) with the
"Approaching fixed point in JOG" function.

Parameter setting

The machine data for the "Approaching fixed point" function of machine axis 4 are
parameterized as follows:

MD30610 NUM_FIX_POINT_POS[AX4] =4 4 fixed points are defined for machine axis 4.
MD30600 FIX_POINT_POS[0,AX4] = 0 1st Fixed point of AX4 = 0 degree

MD30600 FIX_POINT_POS[1,AX4] =90 2nd Fixed point of AX4 = 90 degree
MD30600 FIX_POINT_POS[2,AX4] =180  3rd Fixed point of AX4 = 180 degree
MD30600 FIX_POINT_POS[3,AX4] =270  4th Fixed point of AX4 = 270 degree

Initial situation

Machine axis 4 is referred and is in Position 0 degree. This corresponds to the 1st fixed point
and is output via the following NC/PLC interface signal:
DB390x.DBX1001.0=1 (bit0-2=1)

Approaching fixed point 2
The control system is switched in the JOG mode.

The "Approaching fixed point" procedure for fixed point 2 is activated via the following
NC/PLC interface signal:
DB380x.DBX1002.1 =1 (bit0 -2 = 2)

Activation is confirmed by the following NC/PLC interface signal:
DB390x.DBX1001.1 =1 (bit0 - 2 = 2)

The Plus traverse key in the machine control table is used to traverse continuously to
approach Fixed Point 2.

The machine axis 4 stops at the 90 degree position. This is signaled via the following
NC/PLC interface signal:
DB390x.DBX1001.4 =1 (bit 3-5=2)
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6.6 Data table

6.6 Data table
6.6.1 Machine data
Number ‘ Identifier Name
General information
10000 AXCONF_MACHAX_NAME_TAB|n] Machine axis name [n = axis index]
10735 JOG_MODE_MASK Settings for JOG mode
11310 HANDWH_REVERSE Defines movement in the opposite direction
11320 HANDWH_IMP_PER_LATCHIQ]...[2] Handwheel pu