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Controls and displays

Keys

If you are using a TNC 640 with touch control, you can
replace some keystrokes with gestures.

Further information: "Operating the touchscreen’,
Page 515
Keys on the screen

Function

Select screen layout

Key

Toggle the display between
machine operating mode, program-
ming mode, and a third desktop

D Soft keys for selecting functions on
screen

[ < } [ > } [ A } Switch the soft-key rows

Alphabetic keyboard

Key Function

[ Q } [W H E ] File names, comments

G

[ F H S } DIN/ISO programming

@ Open the HEROS menu

Machine operating modes

Function

A
@
<

Manual operation

Electronic handwheel

Positioning with Manual Data Input

Program Run, Single Block

Program Run, Full Sequence

Y| & &) el &

N

Controls and displays

Programming modes

Key Function
Programming

m Test Run

Entering and editing coordinate
axes and numbers

Key Function

- - Select the coordinate axes or enter
o them in the NC program

n n Numbers
|
REY

Decimal separator / Reverse
algebraic sign

Polar coordinate entry /
Incremental values

Q parameter programming /
Q parameter status

Capture actual position

-1

o Skip dialog questions, delete words

nz

z

£}

N Confirm entry and resume dialog

END Conclude the NC block, end your
input

CE Clear entries or error message

DEL Abort dialog, delete program
section

Tool functions

Key Function

To0L Define tool data in the NC program

ToOL Call tool data
CALL
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Managing NC programs and files,
control functions

Key Function

PaM Select or delete NC programs or
files, external data transfer

Cycles, subprograms and
program section repeats

A

ey Function

Define touch probe cycles
PROBE

pom Define program call, select datum
and point tables

coveL oveL Define and call cycles

DEF

Select MOD functions

B Enter and call subprograms and
program section repeats

HELP Display help text for NC error
messages, call TNCguide

Display all current error messages

CALC Show calculator

spec Show special functions

Currently not assigned

o & @ ) & &) & (=

Navigation keys

. Enter program stop in an
NC program

d| = =

Programming path contours

Key Function

APPR Contour approach and departure

FK free contour programming

=
-
‘\0 =

Straight line

cc + Circle center/pole for polar coordi-
Key Function nates
Position the cursor Circular arc with center
Goro Go directly to NC blocks, cycles, cn Circular arc with radius
and parameter functions
— Navigate to the beginning of a e Circular arc with tangential transi-
program or table tion

Navigate to the end of the program

or table row
PG UP Navigate up one page
— Navigate down one page

Select the next tab in forms

W e B EEDEE

(0]
|

Up/down one dialog box or button
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m Chamfer/rounding arc

Potentiometer for feed rate
and spindle speed

Feed rate Spindle speed
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3-D mouse
A HEIDENHAIN 3-D mouse is available as a
complement to the keyboard unit.

A 3-D mouse allows you to manipulate objects as
intuitively as if you were holding them in your hands.

This is made possible through simultaneous six-degree-
of-freedom motion:

® 2-D movement in the XY plane
. 3-D rotation around the axes X, Y, and Z
® Zooming in or zooming out

Y/ 2

sk <>

These options increase the ease of use in the following
applications in particular:

® CAD import

= Material removal simulation

m 3-D applications of an external PC that you can
use on the control based on software option 133
(Remote Desktop Manager)

Controls and displays
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1.1 About this manual

Safety precautions

Comply with all safety precautions indicated in this document and
in your machine tool builder's documentation!

Precautionary statements warn of hazards in handling software
and devices and provide information on their prevention. They are
classified by hazard severity and divided into the following groups:

A DANGER

Danger indicates hazards for persons. If you do not follow the
avoidance instructions, the hazard will result in death or severe
injury.

Warning indicates hazards for persons. If you do not follow the
avoidance instructions, the hazard could result in death or
serious injury.

A CAUTION

Caution indicates hazards for persons. If you do not follow the
avoidance instructions, the hazard could result in minor or
moderate injury.

Notice indicates danger to material or data. If you do not follow
the avoidance instructions, the hazard could result in property
damage.

Sequence of information in precautionary statements

All precautionary statements comprise the following four sections:
= Signal word indicating the hazard severity

® Type and source of hazard

® Consequences of ignoring the hazard, e.g.: "There is danger of
collision during subsequent machining operations"

® Escape — Hazard prevention measures

Basic information | About this manual
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Informational notes

Observe the informational notes provided in these instructions to
ensure reliable and efficient operation of the software.

In these instructions, you will find the following informational
notes:

o The information symbol indicates a tip.
A tip provides additional or supplementary information.

@ This symbol prompts you to follow the safety
precautions of your machine tool builder. This symbol
also indicates machine-dependent functions. Possible
hazards for the operator and the machine are described
in the machine manual.

@ The book symbol represents a cross reference to
external documentation, e.g. the documentation of your
machine tool builder or other supplier.

Have you found any errors or would you like to suggest
changes?

We continuously strive to improve our documentation for you.
Please help us by sending your suggestions to the following e-mail
address:

tnc-userdoc@heidenhain.de
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1.2 Control model, software and features

This manual describes programming functions provided by controls
as of the following NC software numbers.

Control model NC software number
TNC 640 340590-11
TNC 640 E 340591-11
TNC 640 Programming Station 340595-11

The suffix E indicates the export version of the control. The
following software option is unavailable or only available to a limited
extent in the export version:

®m  Advanced Function Set 2 (option 9) limited to fouraxis
interpolation

The machine manufacturer adapts the usable features of the
control to his machine by setting appropriate machine parameters.
Some of the functions described in this manual may therefore not
be among the features provided by the control on your machine
tool.

Control functions that may not be available on your machine
include:
® Tool measurement with the TT

In order to find out about the actual features of your machine,
please contact the machine manufacturer.

Many machine manufacturers, as well as HEIDENHAIN, offer
programming courses for the HEIDENHAIN controls. Participation
in one of these courses is recommended to familiarize yourself
thoroughly with the control's functions.

@ User's Manual for Programming of Machining
Cycles:

All functions provided by the machining cycles are
described in the User's Manual for Programming of
Machining Cycles. Please contact HEIDENHAIN if you
need this User's Manual.

ID: 1303406-xx

@ User's Manual for Programming of Measuring Cycles
for Workpieces and Tools:

All functions provided by the touch-probe cycles are
described in the User's Manual for Programming of
Measuring Cycles for Workpieces and Tools. Please
contact HEIDENHAIN if you need this User's Manual.
ID: 1303409-xx
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@ User's Manual for Setup, Testing and Running NC
Programs:

All information for setting up the machine as well as for
testing and running your NC programs is provided in

the User's Manual for Setup, Testing and Running NC
Programs. Please contact HEIDENHAIN if you need this
User's Manual.

ID: 1261174-xx

HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021

35



Basic information | Control model, software and features

Software options

The TNC 640 features various software options, each of which can be enabled separately by your machine tool
builder. The respective options provide the functions listed below:

Additional Axis (options 0 to 7)

Additional axis Additional control loops 1 to 8

Advanced Function Set 1 (option 8)

Advanced functions (set 1) Machining with rotary tables
®  Cylindrical contours as if in two axes
B Feed rate in distance per minute
Coordinate conversions:
Tilting the working plane

Advanced Function Set 2 (option 9)

Advanced functions (set 2) 3-D machining:
Export license required ® 3-D tool compensation through surface-normal vectors

® Using the electronic handwheel to change the angle of the swivel
head during program run;
the position of the tool point remains unchanged (TCPM = Tool
Center Point Management)

® Keeping the tool normal to the contour
= Tool radius compensation normal to the tool direction
= Manual traverse in the active tool-axis system

Interpolation:
Linear in > 4 axes (export license required)

HEIDENHAIN DNC (option 18)

Communication with external PC applications over COM component

Dynamic Collision Monitoring — DCM (option 40)

Dynamic Collision Monitoring The machine manufacturer defines objects to be monitored
Warning in Manual operation

Collision monitoring in the Test Run mode

Program interrupt in Automatic operation

Includes monitoring of 5-axis movements

CAD Import (option 42)

CAD import ® Support for DXF, STEP and IGES
= Adoption of contours and point patterns
= Simple and convenient specification of presets

m Selecting graphical features of contour sections from conversational
programs

Global PGM Settings — GPS (option 44)

Global program settings B Superimposition of coordinate transformations during program run
® Handwheel superimpositioning
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Adaptive Feed Control — AFC (option 45)

Adaptive Feed Control

KinematicsOpt (option 48)

Optimizing the machine kinematics

Mill-Turning (option 50)

Milling and turning modes

KinematicsComp (option 52)

Three-dimensional compensation

Milling:

B Recording the actual spindle power by means of a teach-in cut
® Defining the limits of automatic feed rate control

®  Fully automatic feed control during program run

Turning (option 50):

® Cutting force monitoring during machining

® Backup/restore active kinematics
B Test active kinematics
®  Optimize active kinematics

Functions:

= Switching between Milling/Turning mode of operation
® Constant surface speed

= Tool-tip radius compensation

= Turning cycles

B Cycle G880 GEAR HOBBING (options 50 and 131)

Compensation of position and component errors

OPC UA NC Server (1 to 6) (options 56 to 61)

Standardized interface

3D-ToolComp (option 92)

3-D tool radius compensation
depending on the tool’s contact
angle

Export license required

The OPC UA NC Server provides a standardized interface (OPC UA) for
external access to the control's data and functions

These software options allow you to create up to six parallel client
connections

= Compensate the deviation of the tool radius depending on the tool’'s
contact angle

B Compensation values in a separate compensation value table
B Prerequisite: Working with surface normal vectors (LN blocks)

Extended Tool Management (option 93)

Extended tool management

Python-based

Advanced Spindle Interpolation (option 96)

Interpolating spindle

Spindle Synchronism (option 131)

Spindle synchronization

Interpolation turning:
= Cycle G291 COUPLG.TURNG.INTERP.
B Cycle G292 CONTOUR.TURNG.INTRP.

®  Synchronization of milling spindle and turning spindle
B Cycle G880 GEAR HOBBING (options 50 and 131)
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Remote Desktop Manager (option 133)

Remote operation of external ® Windows on a separate computer unit
computer units ® Incorporated in the control's interface

Synchronizing Functions (option 135)

Synchronization functions Real Time Coupling (RTC):
Coupling of axes

Visual Setup Control - VSC (option 136)

Camera-based monitoring of the B Record the setup situation with a HEIDENHAIN camera system
setup situation ® Visual comparison of planned and actual status in the workspace

State Reporting Interface — SRI (option 137)

HTTP accesses to the control status = Reading out the times of status changes
= Reading out the active NC programs

Cross Talk Compensation — CTC (option 141)

Compensation of axis couplings B Determination of dynamically caused position deviation through axis
acceleration

= Compensation of the TCP (Tool Center Point)

Position Adaptive Control — PAC (option 142)

Adaptive position control m  Adaptation of the control parameters depending on the position of
the axes in the working space

®  Adaptation of the control parameters depending on the speed or
acceleration of an axis
Load Adaptive Control - LAC (option 143)

Adaptive load control = Automatic determination of workpiece weight and frictional forces
B Adaptation of the control parameters depending on the current mass

of the workpiece
Active Chatter Control - ACC (option 145)

Active chatter control Fully automatic function for chatter control during machining

Machine Vibration Control - MVC (option 146)

Vibration damping for machines Damping of machine oscillations for improving the workpiece surface
quality through the following functions:

®  Active Vibration Damping (AVD)
B Frequency Shaping Control (FSC)

Batch Process Manager (option 154)

Batch process manager Planning of production orders

Component Monitoring (option 155)

Component monitoring without Monitoring configured machine components for overload
external sensors
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Grinding (option 156)
Jig grinding B Reciprocating stroke cycles

® Cycles for dressing
® Support of the "dressing tool" and "grinding tool" tool types

Gear Cutting (option 157)

Machining gear systems ® Cycle G285 DEFINE GEAR
B Cycle G286 GEAR HOBBING
B Cycle G287 GEAR SKIVING

Advanced Function Set Turning (option 158)
Advanced turning functions Cycle G883 TURNING SIMULTANEOUS FINISHING

Opt. contour milling (option 167)

Optimized contour cycles Cycles for machining any pockets and islands using trochoidal milling

Further options available

@ HEIDENHAIN offers further hardware enhancements
and software options that can be configured and
implemented only by your machine tool builder.This
includes functional safety (FS), for example.
For more information, please refer to your machine tool
builder's documentation or the HEIDENHAIN brochure
titled Options and Accessories.

ID: 827222-xx

Feature Content Level (upgrade functions)

Along with software options, significant further improvements of
the control software are managed via the Feature Content Level
upgrade functions. If you install a software update on your control
you do not automatically have the functions available as covered by
the FCL.

o All upgrade functions are available to you without
surcharge when you receive a new machine.

Upgrade functions are identified in the manual as FCL n. The n
signifies the serial number of the development status.
You can purchase a code number in order to permanently enable

the FCL functions. For more information, contact your machine tool
builder or HEIDENHAIN.

Intended place of operation

The control complies with the limits for a Class A device in
accordance with the specifications in EN 55022, and is intended for
use primarily in industrially-zoned areas.
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Legal information

The control software contains open-source software that is subject
to special terms of use. These special terms of use have priority.

Further information is available on the control as follows:

» Press the MOD key

» Select the General information group in the MOD menu
» Select the License information MOD function

Furthermore, the control software contains binary libraries of the
OPC UA software from Softing Industrial Automation GmbH. For
these libraries, additionally and preferentially the terms of use
agreed between HEIDENHAIN and Softing Industrial Automation
GmbH shall apply.

When using the OPC UA NC server or DNC server, you can
influence the behavior of the control. Therefore, before using these
interfaces for productive purposes, verify that the control can still
be operated without malfunctions or drops in performance. The
manufacturer of the software that uses these communication
interfaces is responsible for performing system tests.

New functions 34059x-11

@ Overview of new and modified software functions
Further information about the previous software
versions is presented in the Overview of New and
Modified Software Functions documentation. Please
contact HEIDENHAIN if you need this documentation.

ID: 1322095-xx

® The BLK FORM FILE function allows you to use STL files to
define the workpiece blank, and optionally the finished part, by
specifying the path of the files. This enables you to use, e.g.,
3-D models from the CAD system in your NC program

Further information: "Defining the workpiece blank: G30/G31",
Page 94

® FUNCTION MODE SET allows you to activate settings defined by
the machine tool builder (e.g., changes to the range of traverse)
from within the NC program

Further information: "Function Mode Set", Page 333

® The function PRESET SELECT allows you to activate a preset
from the preset table. You can choose to retain active
transformations and select the preset to which the function
should apply.

Further information: "Activating a preset", Page 350

® The function PRESET COPY allows you to copy a preset defined
in the preset table to another row. You can optionally activate
the copied preset and retain the active transformations.

Further information: "Copying a preset’, Page 351

® The function PRESET CORR allows you to correct the active
preset.

Further information: "Correcting a preset", Page 351
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® The function POLARKIN allows you to activate a polar kinematic
model. In a polar kinematic model, the control performs
movements using a rotary axis and two linear axes. You define
the positioning behavior of the rotary axis, as well as whether
machining is allowed at the center of rotation of the rotary axis.

Further information: "Machining with polar kinematics"',
Page 342

® The function TABDATA allows you to access the tool table and
the compensation tables (*.tco and *.wco) during program
run. In order to access the compensation tables, you need to
activate them.

® The function TABDATA READ allows you to read a value from
a table and save it to a Q, QL, QR, or QS parameter.

Further information: "Reading a table value’, Page 357

B The function TABDATA WRITE allows you to write a value
froma Q, QL, QR, or QS parameter into a table.

Further information: "Writing a table value", Page 358

® The function TABDATA ADD allows you to add a value from a
Q, QL, or QR parameter to a value contained in a table.

Further information: "Adding a table value", Page 359

® The function MONITORING allows you to visualize the monitoring
of a defined machine component.

Further information: "Monitoring of configured machine
components (option 155)", Page 361

® The APPLY FILE NAME soft key has been added to the selection
window provided by the SELECT FILE soft key. If the called
file is located in the same directory as the file you are calling it
from, pressing this soft key loads the name of the file without
its path.

Further information: "Calling an external NC program”,
Page 249

B |n the mask file of the FN 16: F-PRINT (ISO: D16) function, you
can define whether the control shows or hides blank lines for
undefined QS parameters.

Further information: "Creating a text file", Page 289
® The FN 18: SYSREAD functions (ISO:D18) have been enhanced:
® FN 18: SYSREAD (D18) ID50: values in the tool table
B NR45: value in the RCUTS column
B NR46: value in the LU column
® NR47: value in theRN column

= FN 18: SYSREAD (D18) ID950: values in the tool table of the
current tool

® NR45: value in the RCUTS column
® NR46: value in the LU column
® NR47: value in theRN column

® FN 18: SYSREAD (D18) ID951: value in the SPB-INSERT
column of the turning tool table

= FN 18: SYSREAD (D18) ID1070 NR1: active feed-rate limit
through the F MAX soft key

Further information: "System data", Page 528
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B The function SYSSTR( ID10321 NR20 ) allows you to determine
the number of the current week in accordance with ISO 8601

Further information: "Reading system data", Page 307

® \When you double-click a layer in the CAD-Viewer, the control
marks the first contour element of this layer.

Further information: "Setting layers", Page 443

= You can transfer the data from the CAD Import (option 42)
clipboard to an NC program as well as to other applications
(e.g., Leafpad).

Further information: "Application”, Page 439

Further information: User's Manual for Setup, Testing and
Running NC Programs

® |f you use TARGET in the BLK FORM FILE function to define a
finished part, you can show or hide it by soft key in the Test Run
operating mode

= |n Test Run operating mode, you can use the
EXPORT WORKPIECE soft key to export the current status of the
motion simulation as a 3-D model in STL format.

® |n Test Run operating mode, the control provides an extended
collision monitoring function that checks for collisions between
the workpiece and the tool or tool holder. You can activate
extended collision monitoring by soft key.

= You can use M3D and STL files (e.g., from the CAD system) as
tool carrier files.

® The Fixture Monitoring function (option 40) allows you to
integrate fixtures (e.g., a vise) in your NC program You can use
the additional tool KinematicsDesign to create the fixtures on
the control as CFG files or you can integrate STL files from the
CAD system The control displays the fixtures in the simulation
and monitors them for collisions.

B The control supports USB data media with the NTFS file
system.

® The control includes the additional tool Parole, which allows you
to open video files.

® |f a feed-rate limit has been activated with the F MAX soft key,
the control displays an exclamation mark after the feed-rate
value in the general status display.

® \When the PARAXCOMP DISPLAY function is active, the control
displays a corresponding icon in the general status display.

® \When the PARAXCOMP MOVE function is active, the control
displays a corresponding icon in the general status display.

B \When the functions PARAXMODE oder POLARKIN are active,
the control displays a corresponding icon in the general status
display.

® |n the RCUTS column of the tool table, you define the front-face
cutting width of a tool (e.g., for indexable inserts).

® You define the usable length of a tool in the LU column of the
tool table. The usable length limits the plunging depth of the
tool in cycles.

® You define the neck radius of the tool in the RN column of

the tool table. This allows the control to display the tool neck
correctly in the simulation (e.g., for side milling cutters).
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B You define an angular offset for recessing tools in the SPB-
INSERT column of the turning tool table (option 50)

B You can refit the TE 360 keyboard unit with a HEIDENHAIN 3-D
mouse.

B Alink to the Firewall settings HEROS function has been added
to the External access MOD function.

® Alink to the OPC UA NC Server - License Settings HEROS
function (options 56 to 61) has been added within the External
access MOD function.

® |f the machine tool builder has defined the parameter
CfgOeminfo (no. 131700), then the control displays the Info
about machine manufacturer area in the General information
MOD group.

® |f the machine operator has defined the CfgMachinelnfo
parameter (no. 131600), the control shows the Machine
information area within the General information MOD group.

B Remote Desktop Manager (option 133) allows you to create
private connections if user administration is active. Private
connections are visible to and usable by the creator only.

® \When user administration is active, the control automatically
disables the LSV2 connections of the serial interfaces (COM1
and COM2) for security purposes.

® \When user administration is active, you can create user-specific
private network drive connections. Single Sign On allows you to
connect to an encrypted network drive while logging on to the
control.

= \When configuring the user administration, you can use the
Autologin function to define a user who will automatically be
logged on by the control during booting.

B The machine parameter CfgTTRectStylus (no. 114300) has been
added. This parameter allows you to define settings for a tool
touch probe with a cuboid probe contact.
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Changed functions 34059x-11

® You can use the RND element (ISO: G24) to connect circles that
are perpendicular to the machining plane instead of lying in the
machining plane.

® The M109 function allows the control to keep the feed rate
constant at the cutting edge, including during approach and
departure.

Further information: "Feed rate for circular arcs: M109/M110/
M111", Page 230

B The function M120 for look-ahead calculation of a radius-
compensated contour is no longer reset by milling cycles

Further information: "Pre-calculating radius-compensated
contours (LOOK AHEAD): M120 ", Page 232

B You can use UTF8 character encoding in the mask file of FN 16:
F-PRINT (ISO: D16)

® The priority of arithmetic operations has been changed in the
Q parameter formula

Further information: "Rules for formulas’, Page 275

® Scrolling in the structure window works in the same way as
scrolling in the NC program You can define the position of the
active structure block by soft key.

® The control uses the active unit of measure (mm or inches) for
calculations in the cutting data calculator.

® Path finding between individual drilling positions has been
optimized in the CAD-Viewer

® |f after a hardware change or an update, an error occurs when
the control is booting, the control will automatically open the
error window and display a question-type error. The control
displays soft keys providing different response options.

Further information: "Detailed error messages", Page 210

® The FILTER soft key in the error window allows the control to
classify both error messages and warnings. As a result, the list
of pending messages becomes shorter and easier to read.
Further information: "FILTER soft key", Page 211

B |n pallet tables, the control can also open NC programs
containing blank spaces.

Further information: User's Manual for Setup, Testing and
Running NC Programs

® QOption 146 has been renamed as Machine Vibration Control
MmvC

The Frequency Shaping Control (FSC) function has been added;
it allows the control to suppress low-frequency machine
vibrations.

® The control uses hatch marking to depict threads in the
simulation.

B |n the operating modes Program run, single block and Program
run, full sequence, the Batch Process Manager (option 154)
shows up to two statuses next to each other in the first column.

® |n Program run, single block operating mode, the control
interprets the workpiece blank definition as a single NC block
only.
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B The control displays the tool index in the block scan pop-up
window if needed.

B The control takes into account manual axes when returning to
the contour.

® \When the PARAXCOMP DISPLAY function or the PARAXCOMP
MOVE function is active, the control displays (D) or (M) after the
respective axis designations on the Overview tab and the POS
tab of the additional status display.

= On the FS tab of the additional status display, the control
displays the active limits defined by the specific safety-related
operating modes for every axis.

® On the TT tab of the additional status display, the control
displays the tilt angle of the tool touch probe as well as
information about the cuboid probe contacts.

® |n Test Run operating mode, the control displays the M tab of
the additional status display when the screen layout PROGRAM
+ STATUS is active.

= \When you activate a handwheel with display, the control
automatically activates the override potentiometer of the
handwheel.

B |n the operating modes Manual Operation and Positioning w/
Manual Data Input, you can activate a handwheel with display
while a macro or a manual tool change is being executed.

B You can activate or deactivate the F MAX soft key for reducing
the feed rate. The defined value is retained.

® By default, the control calculates the basic rotation in the input
coordinate system (I-CS). If the axis angles and tilt angles
don't coincide, the control calculates the basic rotation in the
workpiece coordinate system (W-CS).

® |n the compensation tables (*.tco and *.wco), the input range
for all columns containing numerical values has been changed
from +/—999.999 to +/- 999.9999

® |n the form view of tool management, the input parameter TL
is available for grinding and dressing tools. If the check box is
enabled, the control locks the tool.

® The Cup wheel,GRIND_T tool type has been added for grinding
tools.

B From within the Diagnostic functions MOD group, you can
access TNCdiag and Hardware configuration without a code
number.

® The name of a connection in the Remote Desktop Manager
(option 133) must not contain characters other than letters,
numbers, and underscores.

® The HEIDENHAIN OPC UA NC Server enables you to access
the directories TNC: and PLC:, including while the NC software
is switched off. The contents displayed vary depending on the
assigned user's permissions.

® [f, when configuring the user administration, you use the
Connection to Windows domain function, the Use LDAPs check
box allows you to set up a secure connection.

® |f a remote log-in takes place while user administration is
inactive, for example via SSH, the control automatically assigns
the HEROS.LegacyUserNoCtrlfct role.
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® \When user administration is active, the NC.SetupProgramRun
permission is required for the AFC (option 45) functions.

® \When user administration is active, the NC.SetupProgramRun
permission is required for the ACC (option 145) functions.

® |f you deactivate the user administration and select the Delete
existing user databases check box, the control also deletes
the .home folder in the TNC: directory.

® |f you enter a password or code number with Caps Lock active,
then the control issues a message.

® The machine parameter spindleDisplay (no. 100807) has been
enhanced. The control can also display the spindle position on
the Overview tab of the additional status display when the
spindle is in jog mode.

New cycle functions 34059x-11

Further information: User's Manual for Programming of
Machining Cycles

= Cycle 277 OCM CHAMFERING (ISO: G277, option 167)

This cycle allows the control to deburr contours that were last
defined, roughed, or finish-machined with other OCM cycles.
® Cycle 1271 OCM RECTANGLE (ISO: G1271, option 167)

This cycle allows you to define a rectangle that is then used as
a pocket, island, or boundary for face milling in conjunction with
other OCM cycles.

® Cycle 1272 OCM CIRCLE (ISO: G1272, option 167)

This cycle allows you to define a circle that is then used as a
pocket, island, or boundary for face milling in conjunction with
other OCM cycles.

® Cycle 1273 OCM SLOT / RIDGE (ISO: G1273, option 167)

This cycle allows you to define a slot that is then used as a
pocket, island, or boundary for face milling in conjunction with
other OCM cycles.

= Cycle 1278 OCM POLYGON (ISO: G1278, option 167)

This cycle allows you to define a polygon that is then used as a
pocket, island, or boundary for face milling in conjunction with
other OCM cycles.

® Cycle 1281 OCM RECTANGLE BOUNDARY (ISO: G1281,
option 167)

This cycle allows you to define a rectangular boundary for
islands or open pockets that you previously programmed with
the standard OCM forms.

= Cycle 1282 OCM CIRCLE BOUNDARY (ISO: G1282, option 167)

This cycle allows you to define a circular boundary for islands
or open pockets that you previously programmed with the
standard OCM forms.

® Cycle 1016 DRESSING OF CUP WHEEL (ISO: G1016, option 156)

You use this cycle to dress the front face of a cup wheel. You
define the optional angle for the relief cut in the tool table. You
can use this cycle only in dressing mode (FUNCTION MODE
DRESS).
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= Cycle 1025 GRINDING CONTOUR (ISO: G1025, option 156)

The control uses this cycle to grind open or closed contours.
You define the contour in a subprogram and select it with Cycle
14 CONTOUR (ISO: G37).

E Cycle 882 SIMULTANEOUS ROUGHING FOR TURNING (ISO:
G882, option 50, option 158)
This cycle enables the roughing of turning contours using
different inclination angles. This allows you to machine undercut
contours, for example, with just one tool. In addition, you can
increase the service life of the tool by utilizing a large area of the
indexable insert.
You define the contour in a subprogram and select it with Cycle
14 CONTOUR (ISO: G37) or the SEL CONTOUR function.

® The control offers an OCM cutting data calculator with which
you can determine the optimum cutting data for the 272
OCM ROUGHING cycle (ISO: G272, option 167). Press the
OCM CUTTING DATA soft key to open the cutting data calculator
during cycle definition. You can load the results directly into the
cycle parameters.

Further information: User's Manual for Programming of

Measuring Cycles for Workpieces and Tools

® Cycle 485 MEASURE LATHE TOOL (ISO: G485, option 50)

This cycle enables you to measure lathe tools with a tool touch
probe. This cycle can only be executed in the FUNCTION MODE
MILL machining mode. Furthermore, you need a tool touch
probe with a cuboid probe contact.
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Changed cycle functions 34059x-11

Further information: User's Manual for Programming of

Machining Cycles

® Cycle 225 ENGRAVING (ISO: G225) allows you to use system
variables to engrave the number of the current week.

= Cycles 202 BORING (ISO: G202) and 204 BACK BORING (ISO:
G204) restore the spindle status after machining to that which
was active before the cycle.

® |f the defined usable length in column LU of the tool table is
less than the depth, the control displays an error message.
The following cycles monitor the usable length LU:

m  All cycles for drilling and boring
= All cycles for tapping

All cycles for the machining of pockets and studs

Cycle 22 ROUGH-OUT (ISO: G122)

Cycle 23 FLOOR FINISHING (ISO: G123)

Cycle 24 SIDE FINISHING (ISO: G124)

Cycle 233 FACE MILLING (ISO: G233)

Cycle 272 OCM ROUGHING (ISO: G272, option 167)

Cycle 273 OCM FINISHING FLOOR (ISO: G273, option 167)
= Cycle 274 OCM FINISHING SIDE (ISO: G274, option 167)

®m Cycles 251 RECTANGULAR POCKET (ISO: G251), 252
CIRCULAR POCKET (ISO: G252), and 272 OCM ROUGHING
(ISO: G272, option 167) take into consideration a cutting width
defined in the column RCUTS when calculating the plunging
path.

B Cycles 208 BORE MILLING (ISO: G208), 253 SLOT MILLING
(ISO: G208), and 254 CIRCULAR SLOT (ISO: G254) monitor a
cutting width defined in the column RCUTS of the tool table. If
the center of a tool that is not a centercut tool would contact
the workpiece surface, the control issues an error message.

® The machine manufacturer can hide Cycle 238 MEASURE
MACHINE STATUS (ISO: G238, option 155).

®E  An input value of 2 has been added to parameter Q569 OPEN
BOUNDARY in Cycle 271 OCM CONTOUR DATA (ISO: G271,
option 167). The control uses this value to interpret the first
contour within the CONTOUR DEF function as a boundary block
of a pocket.
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B Cycle 272 OCM ROUGHING (ISO: G272, option 167) was
expanded:

B The parameter Q576 SPINDLE SPEED allows you to define a
spindle speed for the roughing tool.

B The parameter Q579 PLUNGING FACTOR S allows you to
define a factor for the spindle speed during plunging.

®m Use the parameter Q575 INFEED STRATEGY to define
whether the control machines the contour from top to
bottom or vice versa.

B The maximum input range of parameter Q370 TOOL PATH
OVERLAP has been changed. Old: from 0.01 to 1. New: from
0.04 to 1.99.

® |f helical plunging is not possible, the control attempts a
reciprocating plunging motion with the tool.
® Cycle 273 OCM FINISHING FLOOR (ISO: G273, option 167) was
expanded.

The following parameters have been added:

B Q595 STRATEGY: machining with equal path distances or
constant tool angle

m Q577 APPROACH RADIUS FACTOR: factor for the tool radius
in order to adapt the approach radius

® Cycle 1010 DRESSING DIAMETER (ISO: G1010, option 156) uses
the value from parameter Q1018 DRESSING FEED RATE for the
infeed movement.

® |n parameter QS1000 PROFILE PROGRAM of Cycle 1015
PROFILE DRESSING (ISO: G1015, option 156), you can use the
SELECT FILE soft key to select the NC program for the profile of
the grinding tool.

Further information: User's Manual for Programming of
Measuring Cycles for Workpieces and Tools

m Cycles 480 CALIBRATE TT (ISO: G480) and 484 CALIBRATE IR
TT (ISO: G484) can be used to calibrate a tool touch probe with
cuboid probe contacts.

®  For rotating tools, Cycle 483 MEASURE TOOL (ISO: G483) first
measures the tool length and then the tool radius.

B By default, Cycles 1410 PROBING ON EDGE (ISO: G1410) and
1411 PROBING TWO CIRCLES (ISO: G1411) calculate the basic
rotation in the input coordinate system (I-CS). If the axis angles
and tilt angles don't coincide, the cycles calculate the basic
rotation in the workpiece coordinate system (W-CS).
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First steps | Overview

2.1 Overview

This chapter is intended to help you quickly learn to handle the
most important procedures on the control. For more information on
the respective topic, see the section referred to in the text.

The following topics are covered in this chapter:

® Switching on the machine

B Programming the workpiece

@ The following topics are covered in the User's Manual
for Setup, Testing and Running NC Programs:

®  Switching on the machine
Graphically testing the workpiece
Setting up tools

Setting up the workpiece
Machining the workpiece
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2.2 Switching on the machine

Acknowledging the power interruption

ADANGER

Caution: hazard to the user!

Machines and machine components always pose mechanical
hazards. Electric, magnetic, or electromagnetic fields are
particularly hazardous for persons with cardiac pacemakers or
implants. The hazard starts when the machine is powered up!
» Read and follow the machine manual

» Read and follow the safety precautions and safety symbols
> Use the safety devices

mManual operation
3 Manual operation

@ Refer to your machine manual!

Switching on the machine and traversing the reference
points can vary depending on the machine tool.

To switch on the machine, proceed as follows:
» Switch on the power supply for the control and the machine

> The control starts the operating system. This process may
take several minutes.

> The control will then display the "Power interrupted" message
in the screen header.

Press the CE key
The control compiles the PLC program.

>
@ » Switch on the machine control voltage
> The control is in the Manual operation mode.

v

@ Depending on your machine, you may need to carry out
further steps in order to run NC programs.

Further information on this topic

®  Switching on the machine
Further information: User's Manual for Setup, Testing and
Running NC Programs
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2.3 Programming the first part

Selecting the operating mode

You can write NC programs only in the Programming operating
mode:

2 » Press the operating mode key

> The control switches to the Programming
operating mode.

Further information on this topic

®m  QOperating modes
Further information: "Programming", Page 76

Important controls and displays

Key Functions for conversational guidance
EnT Confirm entry and activate the next dialog
prompt

Ignore the dialog question

3|
Ef)

End the dialog immediately

DEL Abort dialog, discard entries

u]
m} oz
o

Soft keys on the screen with which you select
functions appropriate to the active operating
state

Further information on this topic
® Writing and editing NC programs

Further information: "Editing an NC program", Page 101
® Qverview of keys

Further information: "Controls and displays", Page 2

First steps | Programming the first part
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Creating a new NC program / file management

To create a new NC program, proceed as follows:

» Press the PGM MGT key
> The control opens the file manager.

The file management of the control is arranged
much like the file management on a PC with
Windows Explorer. The file management enables
you to manage data in the control's internal
memory.

> Select a folder

» Enter the desired file name with the extension .l

Nt » Press the ENT key

> The control asks for the unit of measure of the
new NC program.

> Press the soft key of the desired unit of
= measure: MM or INCH

The control automatically generates the first and last NC blocks of
the NC program. You will not be able to change these NC blocks at
a later time.
Further information on this topic
= File management

Further information: "File management’, Page 107
® Creating a new NC program

Further information: "Creating and entering NC programs”,
Page 93
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Defining a workpiece blank

Once you have opened a new NC program, you can define a
workpiece blank. You can define a cuboid by entering the MIN and
MAX points relative to the selected preset.

After you have selected the desired shape for the blank with

the appropriate soft key, the control automatically initiates the
workpiece blank definition process and prompts you to enter the
required data.

To define a cuboid-shaped blank, proceed as follows:
> Press the soft key for the desired shape of the workpiece blank

» Spindle axis Z - Plane XY: Enter the active spindle axis. G17 is
saved as default setting. Accept with the ENT key
» Workpiece blank def.: minimum X: Enter the smallest X

coordinate of the blank relative to the preset, e.g. 0, and confirm
with the ENT key

» Workpiece blank def.: minimum Y: Enter the smallest Y
coordinate of the blank relative to the preset, e.g. 0, and confirm
with the ENT key

» Workpiece blank def.: minimum Z: Enter the smallest Z
coordinate of the blank relative to the preset, e.g. -40, and
confirm with the ENT key

» Workpiece blank def.: maximum X: Enter the largest X
coordinate of the blank relative to the preset, e.g. 100, and
confirm with the ENT key

» Workpiece blank def.: maximum Y: Enter the largest Y
coordinate of the blank relative to the preset, e.g. 100, and
confirm with the ENT key

» Workpiece blank def.: maximum Z: Enter the largest Z
coordinate of the blank relative to the preset, e.g. 0, and confirm
with the ENT key

> The control ends the dialog.

Example
%NEW G71 *
N10 G30 G17 X+0 Y+0 Z-40*
N20 G31 X+100 Y+100 Z+0*
N99999999 %NEW G71 *

Further information on this topic

® Define workpiece blank
Further information: "Creating a new NC program”,
Page 97

First steps | Programming the first part
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Program layout

NC programs should be arranged consistently in a similar manner.
This makes it easier to find your place, accelerates programming
and reduces errors.

Recommended program layout for simple, conventional
contour machining

m
x
S
3
T
®

—_

Call tool, define tool axis
Retract the tool; turn on spindle

Pre-position the tool in the working plane near the contour
starting point

Pre-position the tool along the tool axis above the workpiece,
or pre-position the tool directly to the cutting depth, and turn on
coolant as needed

Contour approach

Contour machining

Contour departure

Retract the tool, end the NC program
Further information on this topic

= Contour programming
Further information: "Programming tool movements for
machining", Page 142

w N

o1 Ea

0 N O
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Recommended program layout for simple cycle programs

m
x
)
3
T
®

Call tool, define tool axis

Retract the tool; turn on spindle

Define the fixed cycle

Move to the machining position

Call the cycle, and switch on the coolant
Retract the tool, end the NC program
Further information on this topic

® Cycle programming
Further information: User's Manual for Programming of
Machining Cycles

Dok WwN -

Programming a simple contour

Suppose you want to mill a single time around the contour shown
on the right at a depth of 5 mm. You have already defined the
workpiece blank.

After you have opened an NC block with a function key, the control
will prompt you to enter all of the data in the header using dialog
texts.

To program the contour, proceed as follows:

Call the tool
> Press the TOOL CALL key

» Enter the tool data, e.g., tool number 16
» Press the ENT key -~

Nt » Confirm the tool axis G17 with the ENT key

» Enter the spindle speed (e.g., 6500)
» Press the END key

> The control completes the NC block.

&

5 95

o1
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Retract the tool

» Press the L key

> Press the left arrow key

> The control opens the input range for G
functions.

» Press the GO0 soft key

> The control executes the NC block in rapid
traverse.

pom—

Alternative:

Press the G key on the alphanumeric keyboard
Enter O
Press the ENT key

The control executes the NC block in rapid
traverse.

Press the G90 soft key

> The control processes the entered dimensions
as absolute dimensions.

» Press the Z axis key
>

Enter the retraction value (e.g., 250 mm)
ENT » Press the ENT key

v v v Vv

v

Press the G40 soft key

The control does not activate radius
compensation.

> If needed, enter a miscellaneous function M,
such as M3, turn on spindle

END » Press the END key
> The control saves the positioning block.
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Pre-position the tool in the working plane

>

m

>
>
>

IIII
3

EN

5

G40

v Vv

v

END
m]

Press the G key on the alphanumeric keyboard
Enter 0
Press the ENT key

The control executes the NC block in rapid
traverse.

Press the X axis key

Enter the value for the position to be approached
(e.g., =20 mm)

Press the Y axis key

Enter the value for the position to be approached
(e.g., =20 mm)

Press the ENT key

Press the G40 soft key

The control does not activate radius
compensation.

If needed, enter a miscellaneous function M
Press the END key

> The control saves the positioning block.

Position the tool to the cutting depth

m >

>
>
>

Press the G key on the alphanumeric keyboard
Enter O
Press the ENT key

The control executes the NC block in rapid
traverse.

Press the Z axis key

Enter the value for the position to be approached
(e.g., -b mm)

Press the ENT key

Press the G40 soft key

The control does not activate radius
compensation.

Enter a miscellaneous function M, such as M8 to
turn coolant on

Press the END key

> The control saves the positioning block.

60
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Approach the contour smoothly

"
>

END 4
u]

Press the L key

Enter the coordinates of the contour starting
point
Press the ENT key

Press the G41 soft key

The control activates radius compensation to the
left.

Enter the value for the machining feed rate (e.g.,
700 mm/min)

Press the END key

Press the G key on the alphanumeric keyboard
Enter 26
Press the ENT key

The control opens the G26 command, smooth
contour approach.

Enter the rounding radius of the approach circle
(e.g., 8 mm)

Press the END key

> The control saves the approach movement.
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Machine the contour
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>

Press the L key

Enter the changing coordinates of contour
point 2 (e.g., Y 95)
Press the END key
The control applies the changed value and

retains all of the other information from the
previous NC block.

» Press the L key
» Approach the changing coordinates of

contour point 2 (e.g., X 95)
Press the END key

» Press the CHF key
» Enter the chamfer width G24 at contour point

(10 mm)
Press the END key

The control saves the chamfer at the end of the
linear block.

> Press the L key

Enter the changing coordinates of
contour point

Press the END key

Press the CHF key

Enter the chamfer width G24 at contour point
(20 mm)

Press the END key

First steps | Programming the first part
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Complete the contour with a smooth departure

L 4
’

END >
u]

- B

EN

5

v v vy

v

END

v @

vV vyvVv Yy

ENT

G40

v Vv

END 4

H

Press the L key

Enter the changing coordinates of
contour point

Press the END key

Press the G key on the alphanumeric keyboard
Enter 27
Press the ENT key

The control opens the G27 command, smooth
contour approach.

Enter the rounding radius of the departure circle
(e.g., 8 mm)

Press the END key
The control saves the departure movement.
Press the L key

Specify coordinates outside of the workpiece in
XandVY(e.g.,X-20Y -20

Press the ENT key

Press the G40 soft key

The control does not activate radius
compensation.

Enter the value for the positioning feed rate (e.g.,

3000 mm/min)
Press the ENT key

If needed, enter a miscellaneous function M,
such as M9, turn off coolant

Press the END key
The control saves the entered positioning block.
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v

Press the Z axis key

Retract the tool
> Press the G key on the alphanumeric keyboard
Enter 0
» Press the ENT key
> The control executes the NC block in rapid
traverse.
[Z]

» Enter the retraction value (e.g., 2560 mm)
ENT » Press the ENT key

» Press the G40 soft key

> The control does not activate radius
compensation.

» Enter a miscellaneous function M, such as M30
for program end

END » Press the END key

> The control saves the positioning block and ends
the NC program.

G40 ‘

Further information on this topic

B Complete example with NC blocks
Further information: "Example: Linear movements and
chamfers with Cartesian coordinates", Page 165

® Creating a new NC program
Further information: "Creating and entering NC programs”,
Page 93
®  Approaching/departing contours
Further information: "Approaching and departing a contour’,
Page 145
®  Programming contours
Further information: "Overview of path functions’, Page 156
® Tool radius compensation
Further information: "Tool radius compensation®, Page 135

®  Miscellaneous functions M
Further information: "Miscellaneous functions for program run
inspection, spindle and coolant *, Page 223

Creating a cycle program

Suppose that you are tasked with drilling the holes shown to the
right with a standard drilling cycle (depth: 20 mm). You have already
defined the workpiece blank.
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Call the tool

TOOL
CALL
ENT

ENT

END
m]

Retract the tool

G0Oo

Alternative:

ENT

v

v v v Vv

>

vV v v Vv

Press the TOOL CALL key
Enter the tool data, e.g., tool number 5
Press the ENT key

Confirm the tool axis G17 with the ENT key
Enter the spindle speed (e.g., 4500)

Press the END key

The control completes the NC block.

Press the L key

Press the left arrow key

The control opens the input range for G
functions.

Press the GOO soft key

The control executes the NC block in rapid
traverse.

Press the G key on the alphanumeric keyboard
Enter 0
Press the ENT key

The control executes the NC block in rapid
traverse.

Press the G90 soft key

The control processes the entered dimensions
as absolute dimensions.

Press the Z axis key
Enter the retraction value (e.g., 250 mm)
Press the ENT key

Press the G40 soft key

The control does not activate radius
compensation.

If needed, enter a miscellaneous function M,
such as M3, turn on spindle

Press the END key
The control saves the positioning block.
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Define the cycle
» Press the CYCL DEF key

» Press the DRILLING/ THREAD soft key

DRILLING/
THREAD

2

Press the 200 soft key

]

Enter the cycle parameters
Confirm each entry with the ENT key

The control displays a graphic illustrating the
respective cycle parameter.

vV v v VvV VY

Call the cycle at the machining positions

» Press the G key on the alphanumeric keyboard
Enter O
> The control executes the NC block in rapid
traverse.
ENT » Press the ENT key

» Enter the coordinates of the first position
ent Press the ENT key

v

Press the G40 soft key

> The control does not activate radius
compensation.

Enter M99, cycle call
Press the END key
The control saves the NC block.

G40

END

Press the G key

Enter O

Press the ENT key

Enter the coordinates of the second position
Press the ENT key

n"IH[j
z z

5 5

vV v vV vV v VvV VY%

Press the G40 soft key

The control does not activate radius
compensation.

Enter M99, cycle call

Press the END key

The control saves the NC block.

Program all positions and call them with M99

G40

v Vv

v v vVvyy

The control starts the dialog for cycle definition.

First steps | Programming the first part

66 HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021



First steps | Programming the first part

Retract the tool

"

v vV

v

v

>
G40
>
4
END »
u]

Press the G key on the alphanumeric keyboard
Enter 0
Press the ENT key

The control executes the NC block in rapid
traverse.

Press the Z axis key
Enter the retraction value (e.g., 2560 mm)
Press the ENT key

Press the G40 soft key

The control does not activate radius
compensation.

Enter a miscellaneous function M, such as M30
for program end

Press the END key

The control saves the positioning block and ends
the NC program.
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Example

Workpiece blank definition

Tool call
Retract the tool; turn on spindle

Define the cycle

Turn on coolant; call cycle
Call the cycle
Call the cycle
Call the cycle

Retract the tool, end program

Further information on this topic

® Creating a new NC program
Further information: "Creating and entering NC programs",
Page 93
® Cycle programming
Further information: User's Manual for Programming of
Machining Cycles
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3.1 The TNC 640

HEIDENHAIN TNC controls are workshop-oriented contouring
controls that enable you to program conventional milling and
drilling operations right at the machine in easy-to-use Klartext
conversational language. They are designed for milling, drilling, and
boring machines, as well as for machining centers, with up to 24
axes. You can also change the angular position of the spindle under
program control.

An integrated hard disk provides storage for as many NC programs
as you like, even if they were created off-line. For quick calculations
you can call up the on-screen calculator at any time.

Keyboard and screen layout are clearly arranged in such a way that
the functions are fast and easy to use.

HEIDENHAIN Klartext and DIN/ISO

HEIDENHAIN Klartext, the dialog-guided programming language
for workshops, is an especially easy method of writing programs.
Programming graphics illustrate the individual machining steps
for programming the contour. If no NC-dimensioned drawing

is available, then the FK free contour programming will help.
Workpiece machining can be graphically simulated either during a
test run or during a program run.

It is also possible to program in ISO format.

You can also enter and test one NC program while another
NC program is machining a workpiece.

Compatibility
NC programs created on HEIDENHAIN contouring controls (starting
from the TNC 150 B) may not always run on the TNC 640. If the

NC blocks contain invalid elements, the control will mark these as
ERROR blocks or with error messages when the file is opened.

o Please also note the detailed description of the
differences between the iTNC 530 and the TNC 640.
Further information: "Differences between the
TNC 640 and the iTNC 530", Page 574

Fundamentals | The TNC 640
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Fundamentals | Visual display unit and operating panel

3.2 Visual display unit and operating panel

Display screen

The control is shipped with a 19-inch screen.

1 Header

When the control is on, the screen displays the selected
operating modes in the header: The machine operating mode
at left and the programming mode at right. The currently
active mode is displayed in the larger field of the header,
where the dialog prompts and messages also appear (excep-
tion: if the control only displays graphics).

2 Soft keys

In the footer the control indicates additional functions in a
soft-key row. You can select these functions by pressing the
keys immediately below them. The thin bars immediately
above the soft-key row indicate the number of soft-key rows
that can be called with the keys to the right and left that are
used to switch the soft keys. The bar representing the active
soft-key row is blue

Soft-key selection keys

Keys for switching the soft keys

Setting the screen layout

Key for switchover between machine operating modes,
programming modes, and a third desktop

Soft-key selection keys for machine tool builders
Keys for switching the soft keys for machine tool builders

o 1A~ W

0 N

o If you are using a TNC 640 with touch control, you can
replace some keystrokes with gestures.

Further information: "Operating the touchscreen’,
Page 515

Setting the screen layout

You select the screen layout yourself. In the Programming
operating mode, for example, you can have the control show the
NC program blocks in the left window while the right window
displays programming graphics. You could also display the
program structure in the right window instead, or display only
the NC program blocks in one large window. The available screen
windows depend on the selected operating mode.

Setting up the screen layout:

> Press the screen layout key: The soft-key row
shows the available layout options
Further information: "Modes of operation’,

Page 75
PROGRAN > Select the desired screen layout with a soft key
GRAPHICS
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Fundamentals | Visual display unit and operating panel

Control panel

The TNC 640 can be supplied with an integrated operating panel.
The figure at top right shows the controls of the external operating
panel:

1 Alphabetic keyboard for entering texts and file names, as well
as for ISO programming

2 = File management

= Calculator

= MOD function

m HELP function

= Show error messages

® Toggle between the operating modes
Programming modes

Machine operating modes

Initiating programming dialogs
Navigation keys and GOTO jump command
Numerical input and axis selection
Touchpad

Mouse buttons

10 USB connection

© 0O N O O A~ W

The functions of the individual keys are described on the inside
front cover.

o If you are using a TNC 640 with touch control, you can
replace some keystrokes with gestures.

Further information: "Operating the touchscreen”,
Page 515

@ Refer to your machine manual!

Some machine tool builders do not use the standard
HEIDENHAIN operating panel.

External keys, €.g.NC START or NC STOP, are described
in your machine manual.

Cleaning

@ Refer to your machine manual!
Follow the cleaning instructions of the machine tool
builder.

The keyboard unit and the integrated machine operating
panel must be cleaned only with anionic or nonionic
cleaning agents.
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Extended Workspace Compact

In widescreen format, the 24-inch screen provides additional
screen workspace to the left of the control's user interface.

The layout providing the additional screen workspace is called
Extended Workspace Compact. This layout enables you to open
further applications in addition to the control's user interface so
that you can simultaneously keep an eye on the machining process.
The additional screen workspace (also called Side View in
Extended Workspace Compact mode) provides full multi-touch
support.

One area of the Side View is reserved for the machine tool
builder's applications.

Extended Workspace Compact allows you to choose between the
following views:

®  Full-screen mode of control screen

m Splitting the screen into the main screen and an additional
workspace

® Full-screen mode for external applications

When you switch to full-screen mode, you can use the
HEIDENHAIN keyboard for your external applications.

o As an alternative, HEIDENHAIN offers a second screen
for the control as Extended Workspace Comfort.
Extended Workspace Comfort provides a full-screen
view of the control and of an external application.

Screen areas
Extended Workspace Compact is divided into three areas:
1 JH standard
The control's main screen is shown in this area.
2 JH Extended:

This area provides configurable quick accesses to the following
HEIDENHAIN applications:

= HEROS menu

B First workspace: machine operating mode (e.g., Manual
Operation)

® Second workspace: programming operating mode (e.g.,
Programming)

® 3rd and 4th workspaces: freely usable for applications (e.g.,
CAD Converter)

m Collection of frequently used soft keys (called hot keys)

o Benefits of JH Extended:

®  Each operating mode has its own additional soft-
key row

= Navigation through the various rows of
HEIDENHAIN soft keys is no longer necessary
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3 OEM

This area is reserved for applications defined or enabled by the
machine tool builder.

Possible contents of the OEM area:

= Machine tool builder's Python application for displaying
functions and machine statuses

B Screen contents of an external PC by using the Remote
Desktop Manager option

o With the Remote Desktop Manager option, you can
start additional applications —such as a Windows
computer—on your control and have your control display
them in the additional screen workspace or in full-screen
mode of Extended Workspace Compact.

In the optional machine parameter CfgSideScreen (no.
130000), you can select the connection to be embedded
in the Side View. The machine tool builder must activate
and enable this machine parameter.

In connection (no. 130001), you enter the name of the

connection defined in the Remote Desktop Manager
(e.g., Windows 10).

Focus control

You can toggle the keyboard focus between the control’s user
interface and the application being shown in the Side View.

To toggle the focus, proceed as follows:

» Click the area where the respective application is shown

» Alternative: Select the icon of the workspace

> The control displays the icon of the active workspace in green.

Hot keys

The area JH Extended provides context-sensitive hot keys
depending on the keyboard focus. Once the focus is on an
application shown in the Side View, the hot keys provide functions
for switching the view.

If more than one application is opened in the Side View, you can
toggle between the individual applications using the switchover
icon.

To activate the full-screen mode, you select the corresponding
icon. You can exit the full-screen mode at any time by pressing the
screen switchover key or an operating mode key on the keyboard
unit.
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3.3 Modes of operation

Manual Operation and El. Handwheel

In the Manual operation mode of operation, you can set up
the machine. You can position the machine axes manually or
incrementally, and you can set presets.

If option 8 is active, you can tilt the working plane.

The Electronic handwheel operating mode supports manual
traverse of machine axes with the HR electronic handwheel.

Soft keys for selecting the screen layout

Soft key Window
Positions
POSITION
POSTTION Left: positions, right: status display
ST;TUS
POSTTION Left: positions, right: workpiece
WORK;IECE
POSTTION Left: positions, right: collision objects and
e workpiece
(option 40)

Positioning with Manual Data Input

This mode of operation is used for programming simple traversing
movements, such as for face milling or pre-positioning.

Soft keys for selecting the screen layout

mManual operation
3 Manual operation

Position display NODE: ACTL varut
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Soft key Window
NC program
PGM
PROGRAN Left: NC program, right: status display
PROGRAU Left: NC program, right: workpiece
WORK;IECE
" ProGRA Left: NC program, right: collision objects and
MAC;INE Workpiece
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Programming

In this mode of operation you create NC programs. The FK free
programming feature, the various cycles and the Q parameter
functions help you with programming and add necessary
information. If desired, you can have the programming graphics
show the programmed paths of traverse.

Soft keys for selecting the screen layout

Soft key Window
NC program

PGM

Fundamentals | Modes of operation

'Brrogramming b
E & Programming
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+
SECTS

o8

10025 Re20

i) Ty T ©

[

smant

PROGRAU Left: NC program, right: programming graphics
GRAI:HICS

Test Run

In the Test Run operating mode, the control simulates NC
programs and program sections in order to check them for errors,
such as geometrical incompatibilities, missing or incorrect data
within the NC program, or violations of the working space. This
simulation is supported graphically in different display modes.

Soft keys for selecting the screen layout
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Soft key Window

NC program

PROGRAM Left: NC program, right: status display

ST;TUS

PROGRAN Left: NC program, right: workpiece
Workpiece

PROGRA Left: NC program, right: collision objects and

MAG;INE Workpiece
Collision objects and workpiece
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Program Run, Full Sequence and Program Run, Single
Block

In the Program Run Full Sequence operating mode, the control
runs an NC program continuously to its end or to a manual

or programmed stop. You can resume program run after an
interruption.

In the Program Run Single Block operating mode, you execute
each NC block separately by pressing the NC start key. With point
pattern cycles and CYCL CALL PAT, the control stops after each
point. The workpiece blank definition will be interpreted as a
separate NC block.

Soft keys for selecting the screen layout

Soft key Window
NC program
PGM
PROGRA Left: NC program, right: structure
[ Proaraw Left: NC program, right: status display
PROGRAN Left: NC program, right: workpiece
WORK;IECE
Workpiece
POSTTION Left: NC program, right: collision objects and
MAC:!INE Workpiece
Collision objects and workpiece

Soft keys for screen layout with pallet tables

Soft key Window
- Pallet table
W Left: NC program, right: pallet table
W Left: pallet table, right: status display
W Left: pallet table, right: graphics
- Batch Process Manager
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3.4 NC fundamentals

Position encoders and reference marks

The machine axes are equipped with position encoders that
register the positions of the machine table or tool. Linear axes are
usually equipped with linear encoders, rotary tables and tilting axes
with angle encoders.

When a machine axis moves, the corresponding position encoder
generates an electrical signal. The control evaluates this signal and
calculates the precise actual position of the machine axis.

If there is a power interruption, the calculated position will no
longer correspond to the actual position of the machine slide.

To recover this assignment, incremental position encoders are
provided with reference marks. When a reference mark is crossed
over, a signal identifying a machine-based reference point is
transmitted to the control. This enables the control to re-establish
the assignment of the displayed position to the current machine
position. For linear encoders with distance-coded reference marks,
the machine axes need to move by no more than 20 mm, for angle
encoders by no more than 20°.

With absolute encoders, an absolute position value is transmitted
to the control immediately upon switch-on. In this way the
assignment of the actual position to the machine slide position is
re-established directly after switch-on.

Programmable axes

In the default setting, the programmable axes of the control are in
accordance with the axis definitions specified in DIN 66217,

The designations of the programmable axes are given in the table
below.

Principal axis Parallel axis Rotary axis
X U A
Y V B
Z W C

@ Refer to your machine manual!

The number, designation and assignment of the
programmable axes depend on the machine.

Your machine tool builder can define further axes, such
as PLC axes.

Fundamentals | NC fundamentals
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Reference systems

For the control to move an axis in accordance with a defined path,
it requires a reference system.

A paraxially mounted linear encoder on a machine tool serves
as a simple reference system for linear axes. The linear encoder
represents a number ray, a one-dimensional coordinate system.

To approach a point on the plane, the control requires two axes and
therefore a reference system with two dimensions.

To approach a point in space, the control requires three axes and
therefore a reference system with three dimensions. If these three
axes are arranged perpendicularly to each other, this creates a
three-dimensional Cartesian coordinate system.

o According to the right-hand rule the fingertips point in
the positive directions of the three principal axes.

For a point to be uniquely determined in space, a coordinate origin
is needed in addition to the arrangement of the three dimensions.
The common intersection serves as the coordinate origin in a 3-D
coordinate system. This intersection has the coordinates X+0, Y+0,
and Z+0.

In order, for example, for the control to always perform a tool
change at the same position, as well as always execute a
machining operation referenced to the current workpiece position,
the control must be able to differentiate between different
reference systems.

The control differentiates between the following reference
systems:
= Machine coordinate system M-CS:

Machine Coordinate System

B Basic coordinate system B-CS:
Basic Coordinate System

® \Workpiece coordinate system W-CS:
Workpiece Coordinate System

® \Working plane coordinate system WPL-CS:
Working Plane Coordinate System

= |nput coordinate system |-CS:
Input Coordinate System

® Tool coordinate system T-CS:
Tool Coordinate System

o All reference systems build upon each other. They are
subject to the kinematic chain of the specific machine
tool.

The machine coordinate system is the reference
system.
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Machine coordinate system M-CS

The machine coordinate system corresponds to the description of
kinematics and therefore to the actual mechanical design of the
machine tool.

Because the mechanics of a machine tool never precisely
correspond to a Cartesian coordinate system, the machine
coordinate system consists of several one-dimensional coordinate
systems. These one-dimensional coordinate systems correspond to
the physical machine axes that are not necessarily perpendicular to
each other.

The position and orientation of the one-dimensional coordinate
systems are defined with the aid of translations and rotations
based on the spindle tip in the description of kinematics.

The position of the coordinate origin, the machine datum, is defined
by the machine manufacturer during machine configuration. The
values in the machine configuration define the zero positions of

the encoders and the corresponding machine axes. The machine
datum does not necessarily have to be located in the theoretical
intersection of the physical axes. It can therefore also be located
outside of the traverse range.

Because the machine configuration values cannot be modified by

the user, the machine coordinate system is used for determining
constant positions, e.g. the tool change point.

Soft key Application ez wean

w o Do

aorrs
g
'

The user can define shifts in the machine coordi-
nate system according to the specific axis with use
of the OFFSET values of the preset table.

@ The machine tool builder configures the OFFSET
columns of the preset management in accordance with
the machine. I T TR G tabieiprosetor 4

100% S-OVR

o 0,000 au
. . , . +0.000 +0.000
Further information: User's Manual for Setup, Testing and = e

Moda: NOML. | #0

Running NC Programs . [ o il

NOTICE

Danger of collision!

Your control may feature an additional pallet preset table,
depending on the machine. In this table the machine tool builder
can define OFFSET values that take effect before the OFFSET
values you specify in the preset table become effective. The PAL
tab of the additional status display indicates whether a pallet
preset is active, and which one. Since the OFFSET values of the
pallet preset table are neither shown nor editable, there is a risk
of collision during all movements!

> Refer to the machine tool builder's documentation
» Use pallet presets only in conjunction with pallets
» Check the display of the PAL tab before you start machining
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o The Global Program Settings function (option 44)

additionally provides the Additive offset (M-CS)
transformation for the tilting axes. This transformation is
added to the OFFSET values from the preset table and
pallet preset table.

o Another feature is OEM-OFFSET, which is available only

to the machine tool builder. OEM-OFFSET can be used to
define additive axis shifts for rotary and parallel axes.

The sum of all OFFSET values (from all the above
OFFSET input options) results in the difference between
the ACTL. position and the RFACTL position of an axis.

The control converts all movements in the machine coordinate
system, independent of the reference system used for value input.

Example of a 3-axis machine tool with a Y axis as oblique axis, not
arranged perpendicularly to the ZX plane:

>

>

In the Positioning w/ Manual Data Input operating mode, run
an NC block with L IY+10

The control determines the required axis nominal values from
the defined values.

During positioning the control moves the Y and Z machine axes.

The RFACTL and RFNOML displays show movements of the Y
axis and Z axis in the machine coordinate system.

The ACTL. and NOML. displays only show one movement of the
Y axis in the input coordinate system.

In the Positioning w/ Manual Data Input operating mode, run
an NC block with L 1Y-10 M91

The control determines the required axis nominal values from
the defined values.

During positioning the control only moves the Y machine axis.

The RFACTL and RFNOML displays only show one movement of
the Y axis in the machine coordinate system.

The ACTL. and NOML. displays show movements of the Y axis
and Z axis in the input coordinate system.

The user can program positions related to the machine datum, e.g.
by using the miscellaneous function M91.
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Basic coordinate system B-CS

The basic coordinate system is a 3-D Cartesian coordinate system.

Its coordinate origin is the end of the kinematics model.

The orientation of the basic coordinate system in most cases
corresponds to that of the machine coordinate system. There may
be exceptions to this if a machine manufacturer uses additional
kinematic transformations.

The kinematic model and thus the position of the coordinate
origin for the basic coordinate system is defined by the machine

manufacturer in the machine configuration. The user cannot modify

the machine configuration values.

The basic coordinate system serves to determine the position and
orientation of the workpiece coordinate system.

Soft key Application

The user determines the position and orientation
TRANSFORM. - . .
OFFSET of the workpiece coordinate system by using a 3-

D touch probe, for example. The control saves the
values determined with respect to the basic coordi-
nate system as BASE TRANSFORM. values in the
preset management.

@ The machine tool builder configures the
BASE TRANSFORM. columns of the preset management
in accordance with the machine.

Further information: User's Manual for Setup, Testing and
Running NC Programs

NOTICE

Danger of collision!

Your control may feature an additional pallet preset table,
depending on the machine. In this table the machine tool builder
can define BASE TRANSFORM. values that take effect before
the BASE TRANSFORM. values you specify in the preset table
become effective. The PAL tab of the additional status display
indicates whether a pallet preset is active, and which one. Since
the BASE TRANSFORM. values of the pallet preset table are
neither visible nor editable, there is danger of collision during all
movements!

» Refer to the machine tool builder's documentation

» Use pallet presets only in conjunction with pallets
» Check the display of the PAL tab before you start machining

Fundamentals | NC fundamentals
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Workpiece coordinate system W-CS

The workpiece coordinate system is a 3-D Cartesian coordinate
system. Its coordinate origin is the active reference point.

The position and orientation of the workpiece coordinate system
depend on the BASE TRANSFORM. values of the active line in the
preset table.

Soft key

BASE
TRANSFORM.

OFFSET

Application

The user determines the position and orientation
of the workpiece coordinate system by using a
3-D touch probe, for example. The control saves
the values determined with respect to the basic
coordinate system as BASE TRANSFORM. values
in the preset management.

Further information: User's Manual for Setup, Testing and
Running NC Programs

o The Global Program Settings function (option 44)
additionally provides the following transformations:

= The Additive basic rotat. (W-CS) is added to a basic
rotation or a 3-D basic rotation from the preset table
and the pallet preset table. The Additive basic rotat.
(W-CS) is the first transformation that is possible in
the workpiece coordinate system (W-CS).

® Shift (W-CS) is added to the shift (Cycle G53/G54
DATUM SHIFT) that is defined in the NC program
before tilting the working plane.

®  Mirroring is added to the mirroring (Cycle G28
MIRRORING) that is defined in the NC program before
tilting the working plane.

m Shift (mW-CS) is effective in the "modified workpiece
coordinate system" after applying the Shift (W-CS)
or Mirroring (W-CS) transformation and before tilting
the working plane.

In the workpiece coordinate system the user defines the position

and orientation of the working plane coordinate system with use of

transformations.
Transformations in the workpiece coordinate system:
= 3D ROT functions

® PLANE functions

® Cycle GBO WORKING PLANE

B Cycle G53/G54 DATUM SHIFT
(shifting before tilting the working plane)

= Cycle G28 MIRRORING
(mirroring before tilting the working plane)

HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021

@Manual operation o [JProgramming
3 Wanual operation S
u
w4 nc x ¥ 2 sre sm !
5 — |
| I
2 4
|
|5v_nn\ 0
@®
ol
uuuuuuuuuuu
100% S-OVR
100% F-OVR s1 LIMIT 1 F100% |
G Y
[x | +0.000 B o
+72.756 +0.003
2 -5.000
ods: HOML. | %1 B Bs -
END

83



The result of transformations built up on each other
depends on the programming sequence.

In every coordinate system, program only the specified
(recommended) transformations. This applies to both
setting and resetting the transformations. Any other use
may lead to unexpected or undesired results. Please
observe the following programming notes.

Programming notes:

® Transformations (mirroring and shifting) that are
programmed before the PLANE functions (except
for PLANE AXIAL) will change the position of the tilt
datum (origin of the working plane coordinate system
WPL-CS) and the orientation of the rotary axes

= |f you just program a shift, then only the position
of the tilt datum will change

® |f you just program mirroring, then only the
orientation of the rotary axes will change

® When used in conjunction with PLANE AXIAL
and Cycle G80, the programmed transformations
(mirroring, rotation, and scaling) do not affect the
position of the tilt datum or the orientation of the
rotary axes

Without active transformations in the workpiece
coordinate system, the position and orientation of
the working plane coordinate system and workpiece
coordinate system are identical.

There are no transformations in the workpiece

coordinate system on 3-axis machine tools or with pure
3-axis machining. The BASE TRANSFORM. values of the
active line of the preset table have a direct effect on the
working plane coordinate system with this assumption.

Other transformations are of course possible in the
working plane coordinate system

Further information: "Working plane coordinate system
WPL-CS", Page 85

84
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Working plane coordinate system WPL-CS

The working plane coordinate system is a 3-D Cartesian coordinate
system.

The position and orientation of the working plane coordinate
system depend on the active transformations in the workpiece
coordinate system.

o Without active transformations in the workpiece
coordinate system, the position and orientation of
the working plane coordinate system and workpiece
coordinate system are identical.

There are no transformations in the workpiece

coordinate system on 3-axis machine tools or with pure
3-axis machining. The BASE TRANSFORM. values of the
active line of the preset table have a direct effect on the
working plane coordinate system with this assumption.

In the working plane coordinate system the user defines the
position and orientation of the input coordinate system with use of
transformations.

o The Mill-Turning function (option 50) additionally
provides the OEM rotation and precession angle
transformations.

= OEM rotation is available only to the machine tool
builder and takes effect before the precession angle

B The precession angle is defined in Cycles G800
ADJUST XZ SYSTEM, G801 RESET ROTARY
COORDINATE SYSTEM, and G880 GEAR HOBBING,
and takes effect before the other transformations of
the working plane coordinate system

The active values of the two transformations (if not
equal to 0) are shown on the POS tab of the additional
status display. Check the values also in milling mode
because any active transformations will also remain
active in that mode!

@ Refer to your machine manual!

Your machine tool builder can use the OEM rotation and
precession angle transformations also without the Mill-
Turning function (option 50).

Transformations in the working plane coordinate system:
® Cycle G53/G54 DATUM SHIFT

Cycle G28 MIRRORING

Cycle G73 ROTATION

Cycle G72 SCALING FACTOR

PLANE RELATIVE
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As a PLANE function, the PLANE RELATIVE is effective
in the workpiece coordinate system and aligns the
working plane coordinate system.

The values of additive tilting always relate to the current
working plane coordinate system.

The Global Program Settings function (option

44) additionally provides the Rotation (WPL-CS)
transformation. This transformation is added to the
rotation (Cycle G73 ROTATION) that is defined in the NC
program.

The result of transformations built up on each other
depends on the programming sequence.

Without active transformations in the working plane
coordinate system, the position and orientation of the
input coordinate system and working plane coordinate
system are identical.

In addition, there are no transformations in the
workpiece coordinate system on 3-axis machine tools
or with pure 3-axis machining. The BASE TRANSFORM.
values of the active line of the preset table have a
direct effect on the input coordinate system with this
assumption.

86
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Input coordinate system I-CS

The input coordinate system is a 3-D Cartesian coordinate system.
The position and orientation of the input coordinate system depend

on the active transformations in the working plane coordinate

system.

Without active transformations in the working plane
coordinate system, the position and orientation of the
input coordinate system and working plane coordinate
system are identical.

In addition, there are no transformations in the
workpiece coordinate system on 3-axis machine tools
or with pure 3-axis machining. The BASE TRANSFORM.
values of the active line of the preset table have a
direct effect on the input coordinate system with this
assumption.

With the aid of positioning blocks in the input coordinate system,
the user defines the position of the tool and therefore the position
of the tool coordinate system.

The NOML., ACTL., LAG, and ACTDST displays are also
based on the input coordinate system.

Positioning blocks in input coordinate system:
® Paraxial positioning blocks
®  Positioning blocks with Cartesian or polar coordinates

Example

N70 X+48 R+*

N70 GO1 X+48 Y+102 Z-1.5 RO*

X0
YO
Y10
X10
X0 Y10
YO0 X10

Orientation of the tool coordinate system can be
performed in various reference systems.

Further information: "Tool coordinate system T-CS",
Page 88
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Tool coordinate system T-CS

The tool coordinate system is a 3-D Cartesian coordinate system.

Its coordinate origin is the tool reference point. The values of the

tool table, L and R with milling tools and ZL, XL and YL with turning [ \ [ \ [

tools, are referenced to this point. ’ : : ‘ ’ : : ‘ ’ : : ‘
] I

Further information: User's Manual for Setup, Testing and &
Running NC Programs ] \ \ \

o For dynamic collision monitoring (option 40) to correctly
monitor the tool, the values in the tool table must
correspond to the actual dimensions of the tool.

In accordance with the values from the tool table, the coordinate
origin of the tool coordinate system is shifted to the tool center
point TCR TCP stands for Tool Center Point.

If the NC program is not referenced to the tool tip, the tool center
point must be shifted. The required shift is implemented in the NC
program using the delta values during a tool call.

o The position of the TCP as shown in the diagram
is obligatory in conjunction with the 3-D tool
compensation.

o With the aid of positioning blocks in the input coordinate
system, the user defines the position of the tool and
therefore the position of the tool coordinate system.

If miscellaneous function M128 is active, the orientation of the
tool coordinate system depends on the tool's current angle of
inclination.

Tool angle of inclination in the machine coordinate system:

Example
N70 GO1 X+10 Y+45 A+10 C+5 RO M128*
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o With the shown positioning blocks with vectors, 3-

D tool compensation is possible with compensation
values DL, DR and DR2 from the T block or from the .tco
compensation table.

The methods of function of the compensation values
depend on the type of tool.
The control detects the various tool types with the
columns L, R and R2 of the tool table:
] RZTAB + DRZTAB + DRZPROG =0

— end mill

" R27ag + DR27ag + DR2proG = Ryag + DR1ag + DRproc
— radius cutter or ball cutter

B O< RZTAB + DR2TAB + DRZPROG < RTAB + DRTAB +

DRproc
— toroid cutter or toroidal cutter

0 Without the TCPM function or miscellaneous function
M128, orientation of the tool coordinate system and
input coordinate system is identical.
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Designation of the axes on milling machines

The X, Y and Z axes on your milling machine are also referred to as
tool axis, principal axis (1st axis) and secondary axis (2nd axis). The
assignment of the tool axis is decisive for the assignment of the
principal and secondary axes.

Tool axis Principal axis Secondary axis
X Y z
Y Z X
Z X Y

Polar coordinates

If the production drawing is dimensioned in Cartesian coordinates,
you write the NC program using Cartesian coordinates. For parts
containing circular arcs or angles, it is often simpler to give the
dimensions in polar coordinates.

While the Cartesian coordinates X, Y and Z are three-dimensional
and can describe points in space, polar coordinates are two-
dimensional and describe points in a plane. Polar coordinates have
their datum at a circle center (CC), or pole. A position in a plane can
be clearly defined by the:

® Polar Radius, the distance from the circle center CC to the
position, and the

m Polar Angle, the value of the angle between the angle reference
axis and the line that connects the circle center CC with the
position.

Setting the pole and the angle reference axis

The pole is set by entering two Cartesian coordinates in one of the
three planes. These coordinates also set the reference axis for the
polar angle H.

Coordinates of the pole Angle reference axis
(plane)

XY +X

Y/Z +Y

Z/X +Z

10
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Absolute and incremental workpiece positions

Absolute workpiece positions

Absolute coordinates are position coordinates that are referenced Y
to the datum of the coordinate system (origin). Each position on the
workpiece is unambiguously defined by its absolute coordinates.

Example 1: Holes dimensioned in absolute coordinates

Hole 1 Hole 2 Hole 2
X =10 mm X =30 mm X =50 mm
Y =10 mm Y =20 mm Y =30 mm

Incremental workpiece positions Y

Incremental coordinates are referenced to the last programmed
nominal position of the tool, which serves as the relative
(imaginary) datum. When you write an NC program in incremental —
coordinates, you thus program the tool to move by the distance
between the previous and the subsequent nominal positions. This
is why they are also referred to as chain dimensions.

To program a position in incremental coordinates, enter the G91
function before the axis.

Example 2: Holes dimensioned in incremental coordinates

10, 10

Absolute coordinates of hole 4

X =10 mm

Y =10 mm

Hole 5, with respect to 4 Hole 6, with respect to 5
G91 X =20 mm G91 X =20 mm

G91Y =10 mm G91Y =10 mm

Absolute and incremental polar coordinates

Absolute coordinates always refer to the pole and the angle
reference axis.

Incremental polar coordinates always refer to the last programmed
nominal position of the tool.
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Selecting the preset

A production drawing specifies a certain form element of the
workpiece (usually a corner) as the absolute reference point
(datum). When setting the preset, first align the workpiece along
the machine axes, and move the tool to a known position in each
axis relative to the workpiece. For each position, set the display of
the control either to zero or to a known position value. You thereby
assign the workpiece to the reference system that is applicable for
the control’s display or your NC program.

If the production drawing is dimensioned in relative reference
points, simply use the coordinate transformation cycles.

Further information: User's Manual for Programming of
Machining Cycles

If the production drawing is not dimensioned for NC programming,
then select a position or corner of the workpiece as a reference
point from which the dimensions of the remaining workpiece
positions can be determined.

A particularly convenient way of setting the presets is with a 3-D
touch probe from HEIDENHAIN.

Further information: User's Manual for Setup, Testing and
Running NC Programs

Example

The workpiece drawing shows holes (1 to 4), whose dimensions
are shown relative to an absolute preset with the coordinates X=0
Y=0. The coordinates of holes 5 to 7 refer to the relative preset
with the absolute coordinates X=450 Y=750. A Datum shift allows
you to temporarily shift the datum to the position X = 450, Y =

750 in order for you to program the holes (5 to 7) without further
calculations.
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3.5 Creating and entering NC programs

Structure of an NC program in DIN/ISO format

An NC program consists of a series of NC blocks. The illustration at
right shows the elements of an NC block.

The control numbers the NC blocks of an NC program NC block

automatically, depending on the setting in the machine parameter
blockincrement (105409). The blocklncrement machine

parameter (105409) defines the block number increment.

The first NC block of an NC program is identified by %, the program

. . Path function
name, and the active unit of measure.

The subsequent NC blocks contain information on Block number
® The workpiece blank

® Tool calls

®  Approaching a safe position

B Feed rates and spindle speeds, as well as

® Path contours, cycles and other functions

The last block of a program is identified by N99999999, the
program name, and the active unit of measure.

NOTICE

Danger of collision!

The control does not automatically check whether collisions can
occur between the tool and the workpiece. There is danger of
collision during the approach movement after a tool change!

> |f necessary, program an additional safe auxiliary position
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Defining the workpiece blank: G30/G31

Immediately after creating a new NC program, you define an
unmachined workpiece blank. If you wish to define the blank at a
later stage, then press the SPEC FCT key, the PROGRAM DEFAULTS
soft key, and then the BLK FORM soft key. The control needs this
definition for its graphical simulations.

6 You only need to define the workpiece blank if you wish
to run a graphic test for the NC program.

The control can depict various types of blank forms:

Soft key Function

Define a rectangular blank

. Define a cylindrical blank

Define a rotationally symmetric blank of any
shape

Load STL file as workpiece blank

Optionally load an additional STL file as finished
part

oA

Rectangular blank

The sides of the cuboid lie parallel to the X, Y and Z axes. This

blank is defined by two of its corner points:

® MIN point G30: the smallest X, Y and Z coordinates of the blank
form, entered as absolute values.

B MAX point G31: the largest X, Y and Z coordinates of the blank
form, entered as absolute or incremental values

Example

Program begin, name, unit of measure
Spindle axis, MIN point coordinates
MAX point coordinates

Program end, name, unit of measure

HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021



Fundamentals | Creating and entering NC programs

Cylindrical blank

The cylindrical blank form is defined by the dimensions of the
cylinder:

m X, Y or Z: Rotation axis

m D, R: Diameter or radius of the cylinder (with positive algebraic
sign)

L: Length of the cylinder (with positive algebraic sign)

DIST: Shifting along the rotational axis

DI, RI: Inside diameter or inside radius for a hollow cylinder

o The parameters DIST and Rl or DI are optional and need
not be programmed.

Example

Program begin, name, unit of measure

Spindle axis, radius, length, distance, inside radius

Program end, name, unit of measure

Rotationally symmetric blank of any shape
You define the contour of the rotationally symmetric blank in a
subprogram. Use X, Y or Z as the rotation axis.

In the workpiece blank definition you refer to the contour
description:

® DIM_D, DIM-R: Diameter or radius of the rotationally
symmetrical blank form

® [ BL: Subprogram with the contour description

The contour description may contain negative values in the rotation
axis but only positive values in the reference axis. The contour
must be closed, i.e. the contour beginning corresponds to the
contour end.

If you define a rotationally symmetric blank with incremental
coordinates, the dimensions are then independent of the diameter
programming.

o The subprogram can be designated with a number, an
alphanumeric name, or a QS parameter.
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Program begin, name, unit of measure

Spindle axis, manner of interpretation, subprogram number
End of main program

Subprogram start

Starting point of contour

Programming in the positive direction of the principal axis

Contour end

End of subprogram

Example

Program end, name, unit of measure

STL files as workpiece blank and optional finished part

Integrating STL files as workpiece blank and finished part is
particularly convenient in combination with CAM programs,
where the required 3-D models are available in addition to the NC
program.

o Missing 3-D models, such as semifinished parts with
multiple, separate machining steps, can be created

directly on the control with the EXPORT WORKPIECE
soft key in the Test Run operating mode.
The file size depends on the complexity of the
geometry.
Further information: User's Manual for Setup, Testing
and Running NC Programs

0 Please note that the STL files are limited in respect of
the number of permitted triangles:

® 20,000 triangles per STL file in ASCII format
® 50,000 triangles per STL file in binary format
Binary files are loaded faster by the control.

In the workpiece blank definition you refer to the desired STL files
by indicating the path. Use the SELECT FILE soft key if you want
the control to take over the path information automatically.

If you do not wish to load a finished part, then close the dialog after
the workpiece blank definition.

6 The path of the STL file can also be entered directly as
text or with a QS parameter.

©
»

HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021



Fundamentals | Creating and entering NC programs

Example
%NEU G71 * Program beginning, name, unit of measure
N10 BLK FORM FILE "TNC:\...stl" TARGET "TNC:\...stl"* Indication of path to the workpiece blank, path to the
optional finished part
N99999999 %NEU G71 * Program end, name, unit of measure

o If the NC program and the 3-D models are in a folder
or in a defined folder structure, relative paths make it
easier to move the files later.

Further information: "Programming notes", Page 247

Creating a new NC program

uanual operation Eangiamlr\g
 prograssing

An NC program is always entered in Programming mode. Example
for creating a program:

I

» Operating mode: Press the Programming key
» Press the PGM MGT key &

> The control opens the file manager.

Select the directory in which you wish to store the new NC
program:

FILE NAME = NEW.I Lo

Nt » Enter the new program name
Press the ENT key

» Select the unit of measure: Press the MM or
INCH soft key

> The control switches the screen layout and
initiates the dialog for defining the BLK FORM
(workpiece blank).
» Select a rectangular workpiece blank: Press the
@ soft key for a rectangular blank form

Working plane in graphic: XY

‘ — ‘ » Enter the spindle axis, e.g. G17

Workpiece blank def.: Minimum

ENT » Enter in sequence the X, Y and Z coordinates of
the MIN point and confirm each of your entries
with the ENT key

Workpiece blank def.: Maximum

Nt » Enter in sequence the X, Y and Z coordinates of
the MAX point and confirm each of your entries
with the ENT key
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Example

Program begin, name, unit of measure
Spindle axis, MIN point coordinates

MAX point coordinates

Program end, name, unit of measure

The control automatically generates the first and last NC blocks of
the NC program.

o If you do not wish to define a workpiece blank, then
cancel the dialog at Working plane in graphic: XY using
the DEL key!

Programming tool movements in DIN/ISO

To program an NC block, pressing the SPEC FCT key. Press the [GIiERGAT Sheration R rrograming T
PROGRAM FUNCTIONS soft key, and then the DIN/ISO soft key. You s :

can also use the gray path function keys to get the corresponding
G code.

6 If you enter ISO functions on a keyboard connected
through a USB port, make sure that capitalization is
active.

o N S I I B e

©
00
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Example of a positioning block

» Press the G key

» Enter 1 and press the ENT key to open the
Nt NC block

COORDINATES ?

» 10 (enter the target coordinate for the X axis)
» 20 (enter the target coordinate for the Y axis)
ENT » Go to the next question with ENT.

Path of tool center

» Enter 40 and confirm with the ENT key to
traverse without tool radius compensation

Alternative:
» Move the tool to the left or to the right of the
" programmed contour: Press the G41 or G42 soft
key
mavem

Feed rate F=?

» 100 (enter a feed rate of 100 mm/min for this path contour)
ENT » (o to the next question with ENT.

MISCELLANEOUS FUNCTION M ?

» 3 (enter the miscellaneous function M3 Spindle on)

» With the END key, the control ends this dialog.

Example
N30 GO1 G40 X+10 Y+5 F100 M3*
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Actual position capture

The control enables you to transfer the current tool position into the

NC program,for example during

m Positioning-block programming

® Cycle programming

To transfer the correct position values, proceed as follows:

» Place the input box at the position in the NC block where you
want to insert a position value

» Select the actual-position-capture function

> In the soft-key row the control displays the axes
whose positions can be transferred.

> Select the axis

> The control writes the current position of the
selected axis into the active input box.

In the working plane the control always captures the
coordinates of the tool center, even though tool radius
compensation is active.

The control takes the active tool length compensation
into account and always captures the coordinate of the
tool tip in the tool axis.

The control keeps the soft-key row for axis selection
active until the actual position capture key is pressed
again. This behavior remains in effect even if you save
the current NC block or open a new NC block with

a path function key. If you have to choose an input
alternative via soft key (e.g. for radius compensation),
then the control closes the soft-key row for axis
selection.

The Actual position capture function is not permitted
when the Tilt working plane function is active.

100
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Editing an NC program

run.

o You cannot edit the active NC program while it is being

While you are creating or editing a NC program, you can select any
desired line in the NC program or individual words in an NC block
with the arrow keys or the soft keys:

Soft key / key

Function

Change the position of the current NC block
on the screen. Press this soft key to display
additional NC blocks that are programmed
before the current NC block

No function if the NC program is fully visible on
the screen

Change the position of the current NC block

on the screen. Press this soft key to display
additional NC blocks that are programmed after
the current NC block

No function if the NC program is fully visible on
the screen

Move from one NC block to the next NC block

Select individual words in an NC block

EOoO0RR

GOTO
m]

Soft key / key

Select a specific NC block

Further information: "Using the GOTO key",
Page 190

Function

= Set the selected word to zero
® Erase an incorrect number
m Delete the (clearable) error message

NO

Delete the selected word

DEL
o

m Delete the selected NC block
B FErase cycles and program sections

INSERT
LAST
NC BLOCK

Insert the NC block that you last edited or
deleted

Inserting an NC block at any desired location
» Select the NC block after which you want to insert a new

NC block

» Initiate the dialog
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Saving changes

The control normally saves changes automatically if you switch
the operating mode or if you select the file manager. If you
deliberately want to save changes to the NC program, proceed as
follows:

» Select the soft-key row with the saving functions

» Press the STORE soft key

> The control saves all changes made since the
last time you saved the program.

‘ STORE ‘

Saving an NC program to a new file

You can save the contents of the currently active NC program
under a different program name. Proceed as follows:

» Select the soft-key row with the saving functions
‘ SAVE ‘ » Press the SAVE AS soft key

" > The control opens a window in which you can
enter the directory and the new file name.
> |f necessary, select the target directory with the
SWITCH soft key
Enter the file name
» Confirm with the OK soft key or the ENT key, or

abort the process by pressing the CANCEL soft
key

o The file saved with SAVE AS can also be found in the file
manager by pressing the LAST FILES soft key.

Undoing changes

You can undo all changes made since the last time you saved the
program. Proceed as follows:

> Select the soft-key row with the saving functions
‘ i ‘ » Press the CANCEL CHANGE soft key

CHANGE

> The control opens a window in which you can
confirm or cancel this action.

» Reject the changes with the YES soft key or ENT
key, or cancel the process with the NO soft key

Editing and inserting words

» Select a word in an NC block

» Overwrite it with the new value

> The dialog is available while the word is highlighted.
» To accept the change, press the END key

If you want to insert a word, press the horizontal arrow key
repeatedly until the desired dialog appears. You can then enter the
desired value.
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Looking for the same words in different NC blocks

» Select a word in an NC block: Press the
arrow key repeatedly until the desired word is
highlighted

» Select an NC block with the arrow keys

® Arrow down: search forwards
®  Arrow up: search backwards

The word that is highlighted in the new NC block is the same as
the one you selected previously.

o If you start a search in a very long NC program, the
control shows a progress indicator. You can cancel the
search at any time, if necessary.
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Marking, copying, cutting and inserting program sections

The control provides the following functions for copying program [Elianiat speration EYProaranming &
sections within an NC program or into another NC program: s T2

"

Soft key Function

e ‘ Switch the marking function on
Switch the marking function off

[ e | Cut the marked block
ouT
BLOCK I - s ..
— Insert the block that is stored in the buffer
BLOCK memory
i Copy the marked block
BLOCK

To copy a program section, proceed as follows:

> Select the soft key row containing the marking functions

» Select the first NC block of the section you wish to copy

» Mark the first NC block: Press the SELECT BLOCK soft key.
>

The control highlights the NC block in color and displays the
CANCEL SELECTION soft key.

Place the cursor on the last NC block of the program section
you wish to copy or cut.

> The control shows the marked NC blocks in a different color.
You can end the marking function at any time by pressing the
CANCEL SELECTION soft key.

» Copy the selected program section: Press the COPY BLOCK
soft key. Cut the selected program section: Press the
CUT OUT BLOCK soft key.

> The control stores the selected block.

v

If you want to transfer a program section to another
NC program, you now need to select the desired NC
program in the file manager.

> Use the arrow keys to select the NC block after which you want
to insert the copied/cut section

» Insert the saved program section: Press the INSERT BLOCK soft
key

» End the marking function: Press the CANCEL SELECTION soft
key
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The control's search function

The search function of the control enables you to search for any
text within an NC program and replace it by a new text, if required.

Finding any text

» Select the search function [EIihiaT sperarion I BIProataming B
> The control superimposes the search window S Tr——
and displays the available search functions in the m oy
soft-key row. i s T |
» Enter the text to be searched for, e.g.: TOOL T e
IN110 601 G91 X120 Find text : CURRENT WORD —
> Select forwards search or backwards search Bt e v —
pris i — o
» Start the search process SR e |
FIND :lsz gg: :”',. =
> The control moves to the next NC block .
containing the text you are searching for B o v e s
» Repeat the search process e v =
FIND SORE ol A DAER 3 i Cl
> The control moves to the next NC block o | e fron] e | || RS
containing the text you are searching for
» Terminate the search function: Press the END
- soft key

HEIDENHAIN | TNC 640 | 1SO Programming User's Manual | 01/2021 105



Fundamentals | Creating and entering NC programs

Finding/Replacing any text

NOTICE

Caution: Data may be lost!

The REPLACE and REPLACE ALL functions overwrite all of the
found syntax elements without a confirmation prompt. The
original file is not automatically backed up by the control before
the replacement process. As a result, NC programs may be
irreversibly damaged.

» Back up the NC programs, if required, before you start the
replacement

» Be appropriately careful when using REPLACE and
REPLACE ALL

o The FIND and REPLACE functions cannot be used in
the active NC program while the program is running.
These functions are also not available if write protection
is active.

> Select the NC block containing the word you wish to find

> Select the search function
FIND
> The control superimposes the search window
and displays the available search functions in the
soft-key row.

» Press the CURRENT WORD soft key

> The control loads the first word of the current
NC block. If required, press the soft key again to
load the desired word.

» Start the search process

> The control moves to the next occurrence of the
text you are searching for.

To replace the text and then move to the next
occurrence of the text, press the REPLACE soft
key. Or, to replace all text occurrences, press the
REPLACE ALL soft key. Or, to skip the text and
move to its next occurrence, press the FIND soft
key

» Terminate the search function: Press the END
soft key

FIND

REPLACE

i1
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3.6 File management

Files

Files in the control Type

NC programs

in HEIDENHAIN format H

in DIN/ISO format A

Compatible NC programs

HEIDENHAIN unit programs .HU

HEIDENHAIN contour programs HC

Tables for

Tools T

Tool changers .TCH

Datums .D

Points .PNT

Presets .PR

Touch probes TP

Backup files .BAK

Dependent data (e.g. structure items) .DEP

Freely definable tables .TAB

Pallets P

Turning tools .TRN

Tool compensation .3DTC

Texts as

ASCII files A

Text files TIXT

HTML files, e.qg. result logs of touch probe HTML

cycles

Help files .CHM

CAD files as

ASCII files .DXF
IGES
.STEP

When you write an NC program on the control, you must first enter
a program name. The control saves the NC program to the internal
memory as a file with the same name. The control can also save

texts and tables as files.

The control provides a special file management window in which
you can easily find and manage your files. Here you can call, copy,

rename and erase files.

You can manage an almost unlimited number of files with the
control. The available memory is at least 21 GB. A single NC

program can be up to 2 GB in size.

o Depending on the setting, the control generates backup
files with the extension *.bak after editing and saving of
NC programs. This reduces the available memory space.
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File names

When you store NC programs, tables and texts as files, the control
adds an extension to the file name, separated by a point. This
extension indicates the file type.

File name File type
PROG20 N

File names, drive names and directory names on the control

must comply with the following standard: The Open Group Base
Specifications Issue 6 IEEE Std 1003.1, 2004 Edition (POSIX
Standard).

The following characters are permitted:
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefg
hijklmnopgrstuvwxyz0123456789_-

The following characters have special meanings:

Character Meaning

The last period (dot) in a file name is the
extension separator

\and / Directory separators

Separates the drive name from the directory

Do not use any other characters. This helps to prevent file transfer
problems, etc.

o The names of tables and table columns must start with
a letter and must not contain an arithmetic operator
(e.g., +).

o The maximum permitted path length is 255 characters.
The path length consists of the drive characters,
the directory name and the file name, including the
extension.

Further information: "Paths", Page 109

Fundamentals | File management
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Displaying externally generated files on the control

The control features several additional tools which you can use to
display the files shown in the table below. Some of the files can
also be edited.

File types Type
PDF files pdf
Excel tables xIs
csv
Internet files html
Text files txt
ini
Graphics files bmp
gif
jpg
png

Further information: User's Manual for Setup, Testing and
Running NC Programs

Directories

To ensure that you can easily find your NC programs and files, we
recommend that you organize your internal memory into directories
(folders). You can divide a directory into further directories, which
are called subdirectories. With the -/+ key or ENT you can show or
hide the subdirectories.

Paths

A path indicates the drive and all directories and subdirectories
under which a file is saved. The individual names are separated by a
backslash \.

o The maximum permitted path length is 255 characters.
The path length consists of the drive characters,
the directory name and the file name, including the
extension.

Example

The directory AUFTR1 was created on the TNC drive. Then, in the
AUFTR1 directory, the directory NCPROG was created and the

NC program PROG1.H was copied into it. The NC program now has
the following path:

TNCA\AUFTR1\NCPROG\PROGH1.I

The chart at right illustrates an example of a directory display with
different paths.
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Overview: Functions of the file manager

Fundamentals | File management

Soft key Function Page
cory Copy a single file 114
el
SELECT Display a specific file type 112
New Create new file 114
FILE
LasT Display the last 10 files that were selected 117
FILES
DELETE Delete a file 118
Tag a file 119
TAG
NAME Rename file 120
53-
PROTEGT Protect a file against editing and erasure 121
[ &
UNPROTECT Cancel file protection 121

[N

ADAPT
NG PGM /
TABLE

Import file of an iTNC 530

See the User's Manual for
Setup, Testing and Running
NC Programs

Customize table view

372

Manage network drives

See the User's Manual for
Setup, Testing and Running
NC Programs

e Select the editor 121
Sort files by properties 120
SORT
COPY DIR COpy a direCtory 117
-]
ELETE Delete directory with all its subdirectories
KO Al
% uroare Refresh directory

RENAME

i)~

Rename a directory

NEW
DIRECTORY

110

Create a new directory
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Calling the file manager

PGM
MGT

> Press the PGM MGT key
> The control displays the file management

window (see figure for default setting. If the

control displays a different screen layout, press

the WINDOW soft key).

The narrow window on the left shows the available drives and

directories. Drives designate devices with which data are stored

or transferred. A drive is the internal memory of the control.

Other drives are the interfaces (RS232, Ethernet) to which you
can connect a PC for example. A directory is always identified by

a folder symbol to the left and the directory name to the right.

Subdirectories are shown to the right of and below their parent
directories. If there are subdirectories, you can show or hide them

using the -/+ key.

If the directory tree is longer than the screen, navigate using the

scroll bar or a connected mouse.

The wide window on the right shows you all files that are stored

in the selected directory. Each file is shown with additional
information, illustrated in the table below.

Display Meaning

File name File name and file type

Bytes File size in bytes

Status File properties:

E File is selected in the Programming operat-
ing mode

S File is selected in the Test Run operating
mode

M The file is selected in a Program Run
operating mode

+ File has non-displayed dependent files with

the extension DEP e.g. with use of the tool

usage test

File is protected against erasing and editing

File is protected against erasing and
editing, because it is being run

Date

Date that the file was last edited

Time

Time that the file was last edited

o To display the dependent files, set the machine
parameter dependentFiles (no. 122101) to MANUAL.
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Selecting drives, directories and files

» Call the file manager by pressing the PGM MGT
key

Navigate with a connected mouse or use the arrow keys or the soft
keys to move the cursor to the desired position on the screen:

» Moves the cursor from the left to the right
window, and vice versa

» Moves the cursor up and down within a window

L » Moves the cursor one page up or down within a
window

Step 1: Select drive

» Move the highlight to the desired drive in the left window

SELECT » Select a drive: Press the SELECT soft key, or
CT
ent > Press the ENT key

Step 2: Select a directory

» Move the highlight to the desired directory in the left window

> The right-hand window automatically shows all files stored in
the highlighted directory

Fundamentals | File management
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Step 3: Select a file

>

Press the SELECT TYPE soft key

» Press the SHOW ALL soft key
» Move the highlight to the desired file in the right

window
Press the SELECT soft key, or

Press the ENT key

> The control opens the selected file in the

operating mode from which you called the file
manager.

o If you enter the first letter of the file you are looking for
in the file manager, the cursor automatically jumps to
the first NC program with the same letter.

Filtering the display

To filter the displayed files, proceed as follows:

SELEGCT

[0

TYPE

SHOW

Bl

Alternati

SHOW ALL

DISPLAY
FILTER

Alternative:

DISPLAY
FILTER

ve:

Alternative:

>

v

Press the SELECT TYPE soft key

Press the soft key for the desired file type

Press the SHOW ALL soft key

> The control displays all files in this folder.

Use wildcards, such as 4*.H

The control will show all files of file type .h
whose name starts with 4.

Enter the file name extension, e.g. *.H;*.D

> The control will show all files of file type .h

and .d.

Any display filter you have set will remain effective even after a
control restart,
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Creating a new directory

» Move the highlight in the left window to the directory in which
you want to create a subdirectory

v

NEW
DIRECTORY

Press the NEW DIRECTORY soft key
Enter a directory name
ENT Press the ENT key

v

v

Press the OK soft key to confirm or

OK

v

Press the CANCEL soft key to abort

CANCEL

v

Creating new file

» Select the directory in the left window in which you wish to
create the new file

» Position the cursor in the right window

» Press the NEW FILE soft key

» Enter the file name with extension
enT » Press the ENT key

NEW
FILE

Copying a single file
» Move the cursor to the file you wish to copy

copy » Press the COPY soft key to select the copying
function

e
> The control opens a pop-up window.
Copying files into the current directory

» Enter the name of the destination file.
‘ ‘ » Press the ENT key or the OK soft key

] > The control copies the file to the active directory.
The original file is retained.

Copying files into another directory

» Press the Target Directory soft key to select the
target directory from a pop-up window

» Press the ENT key or the OK soft key

> The control copies the file under the same name
to the selected directory. The original file is
retained.

When you start the copying process with the ENT key
or the OK soft key, the control displays a pop-up window
with a progress indicator.
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Copying files into another directory

> Select a screen layout with two equally sized windows
In the right window

» Press the SHOW TREE soft key

» Move the cursor to the directory into which you wish to copy
the files, and display the files in this directory with the ENT key

In the left window

» Press the SHOW TREE soft key

> Select the directory with the files that you want to copy, and
display the files with the SHOW FILES soft key

> Press the Tag soft key: Call the file tagging
- functions
e > Press the Tag soft key: Position the cursor on the
FILE file you wish to copy and tag. You can tag several
files in this way, if desired
coPY » Press the Copy soft key: Copy the tagged files
" into the target directory

Further information: "Tagging files", Page 119

If you have tagged files in both the left and right windows, the
control copies from the directory in which the cursor is located.

Overwriting files

If you copy files to a directory in which other files are stored under
the same name, the control will ask whether the files in the target
directory should be overwritten:

» Overwrite all files (Existing files field selected): Press the OK
soft key, or

» To leave the files as they are, press the CANCEL soft key

If you want to overwrite a protected file, select the Protected files
field, or cancel the process.
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Copying a table

Importing lines to a table

If you are copying a table into an existing table, you can overwrite
individual lines with the REPLACE FIELDS soft key. Prerequisites:

® The target table must exist

® The file to be copied must only contain the lines you want to
replace

m Both tables must have the same file extension

NOTICE

Caution: Data may be lost!

The REPLACE FIELDS function overwrites all lines of the target
file that are contained in the copied table without a confirmation
prompt. The original file is not automatically backed up by the
control before the replacement process. As a consequence,
tables may be irreversibly damaged.

» Back up the tables, if required, before you start the
replacement

» Be accordingly careful when using REPLACE FIELDS

Example

With a tool presetter you have measured the length and
radius of ten new tools. The tool presetter then generates the
TOOL_Import.T tool table with 10 lines (for the 10 tools).

Proceed as follows:
» Copy this table from the external data medium to any directory

» Copy the externally created table to the existing table TOOL.T
using the control's file manager.

> The control asks you whether you want to overwrite the
existing TOOL.T tool table.

» Press the YES soft key

> The control will completely overwrite the current TOOL.T tool
table. After this copying process the new TOOL.T table consists
of 10 lines.

» Alternative: Press the REPLACE FIELDS soft key

> The control overwrites the 10 lines in the TOOL.T file. The data
of the other lines is not changed.
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Extracting lines from a table

You can select one or more lines in a table and save them in a
separate table.

Proceed as follows:

Open the table from which you want to copy lines
Use the arrow keys to select the first line to be copied
Press the MORE FUNCTIONS soft key

Press the TAG soft key

Select additional lines, if required

Press the SAVE AS soft key

Enter a name for the table in which the selected lines are to be
saved

vV vV v v vvVvy

Copying a directory

» Move the highlight in the right window onto the directory you
want to copy

» Press the COPY soft key

> The control opens the window for selecting the target directory.

> Select the target directory and confirm with the ENT key or the
OK soft key

> The control copies the selected directory and all its
subdirectories to the selected target directory.

Choosing one of the last files selected

» Call the file manager: Press the PGM MGT key. [ERRGAT BrBEaton B ooxarming ) i
Lo » Display the last ten files selected: Press the i =
oy LAST FILES soft key i i

Press the arrow keys to move the cursor to the file you wish to
select:

» Moves the cursor up and down within a window

» Select the file: Press the OK soft key, or

ENT » Press the ENT key

0 The COPY FIELD soft key allows you to copy the path of
a marked file. You can reuse the copied path later (e.g.,
when calling a program with the PGM CALL key).
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Deleting a file

NOTICE

Caution: Data may be lost!

The DELETE function permanently deletes the file. The control
does not perform an automatic backup of the file prior to deletion
(e.g., there is no recycle bin). Files are thereby irreversibly
deleted.

» Regularly back up important data to external drives

Proceed as follows:
» Move the cursor to the file you want to delete
DELETE > Press the DELETE soft key
> The control asks whether you want to delete the
file.
Press the OK soft key
The control deletes the file.

Alternative: Press the CANCEL soft key
The control aborts the procedure.

vV vV VY

Deleting a directory

NOTICE

Caution: Data may be lost!

The DELETE ALL function permanently deletes all files of the
directory. The control does not perform an automatic backup of
the files prior to deletion (e.g., there is no recycle bin). Files are
thereby irreversibly deleted.

» Regularly back up important data to external drives

Proceed as follows:
» Move the cursor to the directory you want to delete
» Press the DELETE ALL soft key

> The control inquires whether you really intend to
delete the directory and all its subdirectories and
files.

Press the OK soft key

The control deletes the directory.
Alternative: Press the CANCEL soft key
The control aborts the procedure.

VvV vV VY
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Tagging files
Soft key Tagging function
_ Tag a single file
Tag Tag all files in the directory
it
unTAG Untag a single file
uNTAG Untag all files
FI'l..ES
[ copy Copy all tagged files
ol

Some functions, such as copying or erasing files, can not only be
used for individual files, but also for several files at once. To tag
several files, proceed as follows:

> Move the cursor to the first file
» To display the tagging functions, press the TAG
soft key

» To tag a file, press the TAG FILE soft key

TAG

TAG
EILEE

» Move the cursor to other files

e » To tag another file, press the TAG FILE soft key,
FILE etc.

To copy tagged files:
[Feosereer > Leave the active soft-key row

copy » Press the COPY soft key

[ [
ot

To delete tagged files:

f » Leave the active soft-key row
/

DELETE » Press the DELETE soft key
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Renaming a file

» Move the cursor to the file you wish to rename

Rewale » Select the function for renaming: Press the
g RENAME soft key
» Enter the new file name; the file type cannot be
changed
» To rename: Press the OK soft key or the ENT key
Sorting files

» Select the folder in which you wish to sort the files
> Press the SORT soft key
‘ - ‘ » Select the soft key with the corresponding
display criterion
E SORT BY NAME
SORT BY SIZE
SORT BY DATE
SORT BY TYPE
SORT BY STATUS
UNSORTED

Fundamentals | File management

120 HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021



Fundamentals | File management

Additional functions

Protecting a file and canceling file protection
» Place the cursor on the file you want to protect

» Select the additional functions:
Press the MORE FUNCTIONS soft key

MORE
FUNCTIONS

PROTECT > Activate file protection:
[ & Press the PROTECT soft key
ﬂ > The file is tagged with the "protected" symbol.

UNPROTEGCT

[

» Cancel file protection:
Press the UNPROTECT soft key

Selecting the editor

» Place the cursor on the file you want to open

> Select the additional functions:
Press the MORE FUNCTIONS soft key

> Select the editor:
Press the SELECT EDITOR soft key

» Mark the desired editor

TEXT EDITOR for text files (e.g., .A or .TXT)
= PROGRAM EDITOR for NC programs .H and .l
= TABLE EDITOR for tables (e.g., .TAB or .T)
= BPM EDITOR for pallet tables .P

» Press the OK soft key

MORE
FUNCTIONS

4

SELECT
EDITOR

Connecting and removing USB storage devices

The control automatically detects connected USB devices with a
supported file system.

To remove a USB device, proceed as follows:

» Move the cursor to the left-hand window
» Press the MORE FUNCTIONS soft key

o ‘ » Remove the USB device

Further information: User's Manual for Setup, Testing and
Running NC Programs

MORE
FUNCTIONS
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ADVANCED ACCESS RIGHTS

The ADVANCED ACCESS RIGHTS function can only be used in
connection with user administration. This function requires the
public directory.

Further information: User's Manual for Setup, Testing and
Running NC Programs

Upon the first activation of user administration, the public directory
below the TNC partition will be connected.

o Access rights can only be defined for files located in the
public directory.
For all files stored on the TNC partition instead of
the public directory, the user function user will
automatically be assigned as the owner.

Further information: User's Manual for Setup, Testing and
Running NC Programs
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4.1 Entering tool-related data

Feed rate F

The feed rate F is the speed at which the tool center point moves.
The maximum feed rates can be different for the individual axes
and are set in machine parameters.

Input

You can enter the feed rate in the T block and in every positioning
block.

Further information: "Programming tool movements in DIN/ISO",
Page 98

You enter the feed rate F in mm/min in millimeter programs, and in
1/10 inch/min in inch-programs, for resolution reasons.

Rapid traverse
If you wish to program rapid traverse, enter GOO.

o To move your machine at rapid traverse, you can also
program the corresponding numerical value, e.g. GO1
F30000. Unlike GOO, this rapid traverse remains in effect
not only in the individual block but in all blocks until you
program a new feed rate.

Duration of effect

A feed rate entered as a numerical value remains in effect until an

NC block with a different feed rate is reached. GOO is only effective
in the NC block in which it is programmed. After the NC block

with GO0 is executed, the feed rate will return to the last feed rate
entered as a numerical value.

Changing during program run
You can adjust the feed rate during the program run with the feed
rate potentiometer k.

The feed-rate potentiometer only reduces the programmed feed
rate, and not the feed rate calculated by the control.

Tools | Entering tool-related data
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Spindle speed S

The spindle speed S is entered in revolutions per minute (rpm) in a
T block (tool call). Instead, you can also define the cutting speed Vc
in meters per minute (m/min).

Programmed change

In the NC program, you can change the spindle speed in a T block
by entering only the new spindle speed.

Proceed as follows:

» Press the S key on the alphabetic keyboard
» Enter the new spindle speed

o In the following cases the control changes only the
speed:

® T block without tool name, tool number, and tool axis

® T block without tool name, tool number, with the
same tool axis as in the previous T block

In the following cases the control runs the tool-change
macro and inserts a replacement tool if necessary:

5 T block with tool number
5 T block with tool name

® T block without tool name or tool number, with a
changed tool axis direction

Changing during program run

You can adjust the spindle speed during program run with the
spindle speed potentiometer S.
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4.2 Tool data
Requirements for tool compensation

dimensioned in the workpiece drawing. To allow the control to
calculate the tool center path (i.e. the tool compensation) you must

also enter the length and radius of each tool you are using. % % %

You can enter tool data either directly in the NC program with G99 3 P s
or separately in a tool tables. In a tool table, you can also enter
additional data for the specific tool. The control will consider all the

data entered for the tool when executing the NC program. Z \/ -

You usually program the coordinates of path contours as they are @

<V

Tool number, tool name

Each tool is identified by a number between 0 and 32767. If you are
working with tool tables, you can also enter a tool name for each
tool. Tool names can have up to 32 characters.

o Permitted characters: #$ % & ,-_.0123456789
@ABCDEFGHIJKLMNOPQRSTUVWXYZ

The control automatically replaces lowercase letters
with corresponding uppercase letters during saving.

Impermissible characters: <blank space>1""() * + :;
<=>7[/1""{|}~

The tool number 0 is automatically defined as the zero tool with the
length L=0 and the radius R=0. In tool tables, tool TO should also
be defined with L=0 and R=0.

Tool length L

Always enter the tool length L as an absolute value based on the 4 \
tool reference point.

L3

o The absolute tool length is essential for the control in L1
order to perform numerous functions (e.g., material L2 =
removal simulation or Dynamic Collision Monitoring

(DCM)). =

The absolute length of the touch probe is always

referenced to the tool reference point. The machine N
tool builder usually defines the spindle nose as the tool @ L
reference point. X
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Measuring the tool length

You can measure your tools in the machine (e.g., with a tool touch
probe) or externally with a tool presetter. If such measurements are
not possible, you can determine the tool length.

You have the following options for determining the tool length:
= \With a gauge block
= \With a calibration pin (inspection tool)

o Before you determine tool length, you have to set the
preset in the spindle axis.

Determining the tool length with a gauge block

o You can only set the preset with a gauge block if the tool
reference point is at the spindle nose.

Place the preset on the surface you want to touch off
with the tool. This surface might have to be created
first.

Proceed as follows to set the datum with a gauge block:
» Place the gauge block on the machine table
» Position the spindle nose next to the gauge block

» Gradually move in Z+ direction until you can just slide the gauge
block under the spindle nose

» Set the datumin Z

To determine the tool length, proceed as follows:

» Insert the tool

» Touch off the surface

> The control displays the absolute tool length as the actual
position in the position display.

Determining the tool length with a calibration pin and a tool

setter

Proceed as follows to set the preset with a calibration pin and a
tool setter:

» Clamp the tool setter onto the machine table.

» Bring the flexible inner ring of the tool setter to the same height
as the fixed outer ring.

» Set the gauge to 0

» Move the calibration pin onto the flexible inner ring.

» Set the datumin Z

To determine the tool length, proceed as follows:

» Insert the tool

» Move the tool onto the flexible inner ring until the gauge
displays O.

> The control displays the absolute tool length as the actual
position in the position display.

Tool radius R
You can enter the tool radius R directly.
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Delta values for lengths and radii

Delta values are offsets in the length and radius of a tool.

A positive delta value represents a tool oversize (DL, DR>0). R =
For a machining operation with an oversize, enter the value for
the oversize in the NC program with T or with the help of a

|

K |
compensation table. |l
L DR<0 ¢

o

! 8|

A negative delta value describes a tool undersize (DL, DR<0). An | v il :
undersize is entered in the tool table for wear. | DR et : R
Delta values are usually entered as numerical values. In a T block, (- pof oo
you can also assign the values to Q parameters. DL<0TI l = Y [

Input range: You can enter a delta value with up to + 99.999 mm.  *-----

o Delta values from the tool table influence the graphical
representation of the clearing simulation.

Delta values from the NC program do not change the
depicted size of the tool in the simulation. However,
the programmed delta values move the tool in the
simulation by the amount of the defined value.

o Delta values from the T block influence the position
display depending on the optional machine parameter
progToolCallDL (no. 124501; branch CfgPositionDisplay
no. 124500).

Entering tool data into the NC program

@ Refer to your machine manual!

The machine tool builder determines the scope of
functions of the G99 function.

The number, length, and radius of a specific tool are defined in the
G99 block of the NC program:

Proceed as follows for the definition:

» press the TOOL DEF key.
» Tool length: Compensation value for the tool
length
» Tool radius: Compensation value for the tool
radius

Example
N40 G99 T5 L+10 R+5*
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Calling the tool data

Before you can call the tool, you have to define it in a G99 block or
in the tool table.

AT in the NC program is programmed with the following data:

» Press the TOOL CALL key

» Tool number: Enter the number or name of the
tool. With the TOOL NAME soft key, you can
enter a name. With the QS soft key, you enter a
string parameter. The control automatically puts
the tool name in quotation marks. You must first
assign a tool name to a string parameter. The
names refer to an entry in the active tool table
TOOL.T.

‘ seLEcT ‘ > Alternative: Press the SELECT soft key

The control opens a window where you can
select a tool directly from the TOOL.T tool table.

» To call a tool with other compensation values,
enter a decimal point followed by the index you
defined in the tool table.

Working spindle axis X/Y/Z: Enter the tool axis

Spindle speed S: Enter the spindle speed S in
revolutions per minute (rpm) Alternatively, you
can define the cutting speed Vc in meters per
minute (m/min). Press the VC soft key

> Feed rate F: Enter feed rate F in millimeters per
minute (mm/min). The feed rate is effective until
you program a new feed rate in a positioning
block orin a T block

» Tool length oversize DL: Enter the delta value
for the tool length

» Tool radius oversize DR: Enter the delta value
for the tool radius

» Tool radius oversize DR2: Enter the delta value
for the tool radius 2

v

o In the following cases the control changes only the
speed:

® T block without tool name, tool number, and tool axis

® T block without tool name, tool number, with the
same tool axis as in the previous T block

In the following cases the control runs the tool-change
macro and inserts a replacement tool if necessary:

5 T block with tool number
5 T block with tool name

B T block without tool name or tool number, with a
changed tool axis direction
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Tool selection in the pop-up window

If you open a pop-up window for tool selection, the control marks
all tools available in the tool magazine green.

You can search for a tool in the pop-up window:

» Press the GOTO key

Alternative: Press the FIND soft key
Enter the tool name or tool number
Press the ENT key

The control goes to the first tool that matches
the entered search string.

v v vV

The following functions can be used with a connected mouse:

B You can sort the data in ascending or descending order by
clicking a column of the table head.

®E You can arrange the columns in any sequence you want by
clicking a column of the table head and then moving it with the
mouse key pressed down

The pop-up windows displayed for a tool number search and a tool
name search can be configured separately. The sort order and the
column widths are retained when the control is switched off.

Tool call

Call tool number 5 in the tool axis Z with a spindle speed of 2500
rpm and a feed rate of 350 mm/min. The tool length and tool radius
2 are to be programmed with an oversize of 0.2 and 0.05 mm, the
tool radius with an undersize of 1 mm.

Example
N20 T 5.2 G17 S2500 DL+0.2 DR-1*

The character D preceding L, R and R2 designates delta values.

Preselection of tools

@ Refer to your machine manual!

The preselection of tools with G51 can vary depending
on the individual machine tool.

If you are working with tool tables, use a G51 block to preselect the
next tool. Simply enter the tool number, or a Q parameter, or type
the tool name in quotation marks.

Tools | Tool data
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Tool change

Automatic tool change

@ Refer to your machine manual!

The tool change function can vary depending on the
individual machine tool.

If your machine tool has automatic tool changing capability, the

program run is not interrupted. When the control reaches a tool
call with T, it replaces the inserted tool by another from the tool
magazine.

Automatic tool change if the tool life expires: M101

@ Refer to your machine manual!

The function of M101 can vary depending on the
individual machine tool.

When the specified tool life has expired, the control can
automatically insert a replacement tool and continue machining
with it. Activate the miscellaneous function M101 for this. M101 is
reset with M102.

Enter the respective tool life after which machining is to be
continued with a replacement tool in the TIME2 column of the tool
table. In the CUR_TIME column the control enters the current tool
life.

If the current tool life is higher than the value entered in the TIME2
column, a replacement tool will be inserted at the next possible
point in the program no later than one minute after expiration of
the tool life. The change is made only after the NC block has been
completed.

NOTICE

Danger of collision!

During an automatic tool change with M101, the control always
retracts the tool in the tool axis first. There is danger of collision
when retracting tools for machining undercuts, such as side
milling cutters or T-slot milling cutters!

» Deactivate the tool change with M102

After the tool change the control positions the tool according to
the following logic, unless otherwise specified by the machine tool
builder:

® |f the target position in the tool axis is below the current
position, the tool axis is positioned last

® |f the target position in the tool axis is above the current
position, the tool axis is positioned first
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Input parameter BT (block tolerance)

Depending on the NC program, the machining time can increase
as a result of the tool life verification and calculation of the
automatic tool change. You can influence this with the optional
input parameter BT (block tolerance).

If you enter the M101 function, the control continues the dialog by
requesting BT. Here you define the number of NC blocks (1 to 100)
by which the automatic tool change may be delayed. The resulting

time period by which the tool change is delayed depends on the

content of the NC blocks (e.g. feed rate, path). If you do not define

BT, the control uses the value 1 or, if applicable, a default value
defined by the machine manufacturer.

The higher the value of BT, the smaller will be the effect
of an extended program duration through the M101
function. Please note that this will delay the automatic
tool change!

Use the formula BT = 10: Average machining time of
an NC block in seconds to calculate a suitable starting
value for BT. Round the result up to an integer value.

If the calculated result is greater than 100, use the
maximum input value of 100.

If you want to reset the current age of a tool (e.g. after
changing the indexable inserts), enter the value 0 in the
CUR_TIME column.

The M101 function is not available for turning tools and
in turning mode.

Prerequisites for a tool change with M101

As replacement tools, use only tools with the same
radius. The control does not automatically check the
radius of the tool.

If you want the control to check the radius of the
replacement tool, enter M108 in the NC program.

The control performs the automatic tool change at a suitable point
in the program. The automatic tool change is not performed:

= During execution of machining cycles

132

While radius compensation (G41/G42) is active
Directly after an approach function APPR
Directly before a departure function DEP
Directly before and after G24 and G25

During execution of macros

During execution of a tool change

Directly after a T block or G99

During execution of SL cycles

Tools | Tool data
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Overtime for tool life

@ This function must be enabled and adapted by the
machine tool builder.

The tool condition at the end of planned tool life depends on e.g.
the tool type, machining method and workpiece material. In the

OVRTIME column of the tool table, enter the time in minutes for
which the tool is permitted to be used beyond the tool life.

The machine manufacturer specifies whether this column is
enabled and how it is used during tool search.

Prerequisites for NC blocks with surface-normal vectors and
3-D compensation

The active radius (R + DR) of the replacement tool must not deviate
from the radius of the original tool. You can enter the delta values
(DR) either in the tool table or in the NC program (compensation
table or T block). If deviations occur, the control displays a message
and does not replace the tool. You can suppress this message with
the M function M107, and reactivate it with M108.
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4.3 Tool compensation

Introduction

The control adjusts the tool path by the compensation value
for the tool length in the spindle axis. In the machining plane, it
compensates the tool radius.

If you are writing the NC program directly on the control, the tool
radius compensation is effective only in the working plane.

The control accounts for the compensation value in up to six axes
including the rotary axes.

Tool length compensation

Length compensation becomes effective automatically as soon as
a tool is called. To cancel length compensation, call a tool with the
length L=0 (e.g. T 0).

NOTICE

Danger of collision!

The control uses the defined tool lengths for tool length
compensation. Incorrect tool lengths will result in an incorrect
tool length compensation. The control does not perform a length
compensation and a collision check for tools with a length of

0 and after T 0. Danger of collision during subsequent tool
positioning movements!

» Always define the actual tool length of a tool (not just the
difference)

» Use T 0 only to empty the spindle

With length compensation, delta values from both the NC program
and the tool table are considered.

Compensation value = L + DLyag + DLp,og With

L: Tool length L from G99 block or tool table
DL 1ag: Oversize for length DL in the tool table
DL pog Oversize DL for length from T block or from the

compensation table
The most recently programmed value takes effect.

Further information: "Compensation table",
Page 353

134
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Tool radius compensation

An NC block can contain the following types of tool radius
compensation:

®  G41 or G42 for radius compensation of any contouring function
B G40, if there is no radius compensation

o The control shows an active tool compensation in the
general status display.

The radius compensation takes effect as soon as a tool is called
and is moved with one of the abovementioned types of tool radius
compensation within a straight-line block or within a paraxial
movement in the working plane.

0 The control automatically cancels radius compensation
in the following cases:

®  Straight-line block with G40
® DEP function for departing from the contour
m Selection of a new NC program via PGM MGT

For radius compensation, the control takes the delta values from
both the T block and the tool table into account:

Compensation value = R + DRyag + DRpjg With

R: Tool radius R from G99 block or tool table
DR 1p5: Oversize for radius DR in the tool table
DRpog: Oversize DR for radius from T block or from the

compensation table

Further information: "Compensation table",
Page 353

Movements without radius compensation: G40

The tool center moves in the working plane to the programmed
coordinate.

Applications: Drilling and boring, pre-positioning
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Contouring with radius compensation: G42 and G41
G42: The tool moves to the right of the programmed contour
G41: The tool moves to the left of the programmed contour

The tool center moves along the contour at a distance equal to the
radius. Right or left are to be understood as based on the direction
of tool movement along the workpiece contour.

o Between two NC blocks with different radius
compensations G42 and G41 you must program at least
one traversing block in the working plane without radius
compensation (that is, with G40).

The control does not put radius compensation into
effect until the end of the NC block in which it is first
programmed.

When radius compensation is activated with G42/

G41, and in the case of cancellation with G40, the
control always positions the tool perpendicularly to the
programmed start or end point. Position the tool before
the first contour point or after the last contour point such
that the contour does not incur damage.

Entering radius compensation

Radius compensation is entered in a GO1 block. Enter the
coordinates of the target point and confirm your entry with the ENT
key.

» Select tool movement to the left of the

. programmed contour: Press the G41 soft key, or
» Select tool movement to the right of the contour:

e Press the G42 soft key, or
» Select tool movement without radius

i compensation or cancel radius compensation:

Select function G40
» Terminate the NC block: Press the END key

Tools | Tool compensation
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Radius compensation: Machining corners

m Qutside corners:
If you program radius compensation, the control moves the
tool around outside corners on a transitional arc. If necessary,
the control reduces the feed rate at outside corners to reduce
machine stress, for example at very great changes of direction

B |nside corners:
The control calculates the intersection of the tool center paths
at inside corners under radius compensation. From this point
it then starts the next contour element. This prevents damage
to the workpiece at the inside corners. The permissible tool
radius, therefore, is limited by the geometry of the programmed
contour.

NOTICE

Danger of collision!

The control needs safe positions for contour approach and
departure. These positions must enable the control to perform
compensating movements when radius compensation is
activated and deactivated. Incorrect positions can lead to contour
damage. Danger of collision during machining!

» Program safe approach and departure positions at a sufficient
distance from the contour

> Consider the tool radius

» Consider the approach strategy
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5.1 Tool movements

Path functions

A workpiece contour is usually composed of several contour
elements such as straight lines and circular arcs. With the path
functions, you can program the tool movements for straight lines
and circular arcs.

FK free contour programming

If a production drawing is not dimensioned for NC and the
dimensions given are not sufficient for creating a part program,
you can program the workpiece contour with the FK free contour
programming. The control calculates the missing data.

With FK programming, you also program tool movements for
straight lines and circular arcs.

Miscellaneous functions M
With the control's miscellaneous functions you can affect
® the program run, e.g., a program interruption

B the machine functions, such as switching spindle rotation and
coolant supply on and off

® the path behavior of the tool

Programming contours | Tool movements

GO1
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Subprograms and program section repeats

If a machining sequence occurs several times in a program, you
can save time and reduce the chance of programming errors by
entering the sequence once and then defining it as a subprogram
or program-section repeat. If you wish to execute a specific

NC program section only under certain conditions, you also define
this machining sequence as a subprogram. In addition, you can
have an NC program call a separate NC program for execution.

Further information: "Subprograms and program section repeats”,
Page 241

Programming with Q parameters

Instead of programming numerical values in an NC program, you
enter markers called Q parameters. You can use the Q parameters
for programming mathematical functions that control program
execution or describe a contour.

In addition, programming with Q parameters enables you to
measure with the 3-D touch probe during the program run.

Further information: "Programming Q parameters", Page 259
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5.2 Fundamentals of path functions

Programming tool movements for machining

You create an NC program by programming the path functions

for the individual contour elements in sequence You do this by
entering the coordinates of the end points of the contour elements
given in the production drawing. The control calculates the actual
path of the tool from these coordinates, and from the tool data and
radius compensation.

The control moves all machine axes programmed in the NC block of
a path function simultaneously.

Movement parallel to the machine axes

If the NC block contains one coordinate, the control moves the tool
parallel to the programmed machine axis.

Depending on the individual machine, the machining program is
executed by movement of either the tool or the machine table on
which the workpiece is clamped. Path contours are programmed as
if the tool were moving.

Example
N50 GOO X+100*
N50 Block number
GO0 Path function straight line at rapid traverse
X+100 Coordinate of the end point

The tool retains the Y and Z coordinates and moves to the position
X=100.
Movement in the main planes
If the NC block contains two coordinates, the control moves the
tool in the programmed plane.
Example

N50 GO0 X+70 Y+50*

The tool retains the Z coordinate and moves on the XY plane to the
position X=70, Y=50.
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Three-dimensional movement

If the NC block contains three coordinates, the control moves the
tool spatially to the programmed position.

Example
N50 GO1 X+80 Y+0 Z-10*

You can program up to six axes in a straight line block according to
the kinematics of your machine.

Example
N50 GO1 X+80 Y+0 Z-10 A+15 B+0 C-45

Circles and circular arcs

The control moves two machine axes simultaneously on a circular
path relative to the workpiece. You can define a circular movement
by entering the circle center with I and J.

Use the path functions for circular arcs to program circles in the
working plane. You define the main plane based on the spindle axis
inthe T.

Spindle axis Main plane

(G17) XY, also UV, XV, UY
(G18) ZX, also WU, ZU, WX
(G19) YZ, also VW, YW, VZ

Circular motion in another plane

You can also use the Tilt the working plane function or Q
parameters to program circular motions that do not lie in the main
plane.

o Further information: "The PLANE function: Tilting the
working plane (option 8)", Page 383

Further information: "Principle and overview of
functions", Page 260

Direction of rotation DR for circular movements

When a circular path has no tangential transition to another contour
element, enter the direction of rotation as follows:

Clockwise direction of rotation: G02/G12

Counterclockwise direction of rotation: G03/G13

Radius compensation

The radius compensation must be in the NC block in which you
move to the first contour element. You cannot activate radius
compensation in an NC block for a circular path. It must be
activated beforehand in a straight-line block.

Further information: "Path contours — Cartesian coordinates”,
Page 156
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Pre-positioning

NOTICE

Danger of collision!

The control does not automatically check whether collisions
can occur between the tool and the workpiece. Incorrect pre-
positioning can also lead to contour damage. There is danger of
collision during the approach movement!

» Program a suitable pre-position

» Check the sequence and contour with the aid of the graphic
simulation
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5.3 Approaching and departing a contour

Starting point and end point

The tool approaches the first contour point from the starting point.
The starting point must be:

B Programmed without radius compensation

= Approachable without danger of collision

® Close to the first contour point

Example in the figure on the right:
If you set the starting point in the dark gray area, the contour will
be damaged when the first contour element is approached.

First contour point

You need to program a radius compensation for the tool movement YA
to the first contour point.

@\, =
G41 X
Approaching the starting point in the spindle axis
When the starting point is approached, the tool must be moved to . g
the working depth in the spindle axis. If danger of collision exists, |' "“I [ i
approach the starting point in the spindle axis separately. | i S
'\\ la‘, /;/l
Example %,27. ‘é/ 7
NoGo0 Zit0t 4 v
X

@)
&
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End point

The end point should be selected so that it is:
= Approachable without danger of collision
® Near to the last contour point

= |n order to make sure the contour will not be damaged, the
optimal ending point should lie on the extended tool path for
machining the last contour element

Example in the figure on the right:
If you set the end point in the dark gray area, the contour will be
damaged when the end point is approached.

Departing the end point in the spindle axis:
Program the departure from the end point in the spindle axis
separately.

Example

Common starting and end points

Do not program any radius compensation if the starting point and
end point are the same.

In order to make sure the contour will not be damaged, the optimal
starting point should lie between the extended tool paths for
machining the first and last contour elements.

Example in the figure on the right:
If you set the end point in the dark gray area, the contour will be
damaged when the contour is approached/departed.
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Tangential approach and departure

With G26 (figure at center right), you can program a tangential YA
approach to the workpiece, and with G27 (figure at lower right) a
tangential departure. In this way you can avoid dwell marks.

>>—-
-—tt—-—

N+
D= X
Y
(—
: !
; ,*
G41
e
@ @J;Q -
G40

Starting point and end point

The starting point and the end point lie outside the workpiece,
close to the first and last contour points. They are to be
programmed without radius compensation.

Approach

» G26 is entered after the NC block in which the first contour
element is programmed: This will be the first NC block with
radius compensation G41/G42

Departure

» G27 after the NC block in which the last contour element
is programmed: This will be the last NC block with radius
compensation G41/G42

o The radius for G26 and G27 must be selected so that
the control can execute the circular path between the
starting point and the first contour point, as well as the
last contour point and the end point.
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Starting point
First contour point

Tangential approach with radius R = 5 mm

Last contour point

Tangential departure with radius R = 5 mm

m
x
S
3
T
®

End point

Overview: Types of paths for contour approach and

departure
The functions for contour approach APPR and departure DEP are [EErias eeratEon 1 Eb ooz arming =
activated with the APPR/DEP key. You can then select the following EETT T —
path forms with the corresponding soft keys: : ‘
it A |

Approach Departure  Function l

SZeR.LL pep LT Straight line with tangential By 1

- connection B
APPR LN DEP LN Straight line perpendicular to a o e
G e . Inzav G0 z+100 o
f@ contour point

APPR CT oeP o1 Circular arc with tangential e L = ] r

qj. 0 connection |G| 0| 0| 2R tal talAa] e

APPR LT oep Lot Circular arc with tangential
“Kﬁ. s connection to the contour.

Approach and departure to an
auxiliary point outside the contour
on a tangentially connecting line

Approaching and departing a helix

The tool approaches and departs a helix on its extension by moving
in a circular arc that connects tangentially to the contour. You
program helical approach and departure with the APPR CT and DEP
CT functions.

)
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Important positions for approach and departure

NOTICE

Danger of collision!

The control traverses from the current position (starting point

Ps) to the auxiliary point Py at the last feed rate entered. If

you programmed GOO in the last positioning block before the
approach function, the control also approaches the auxiliary point
Py at rapid traverse.

» Program a feed rate other than GO0 before the approach
function

®  Starting point Pg
You program this position in the block before the APPR block.
Ps lies outside the contour and is approached without radius
compensation (G40).

= Auxiliary point Py
Some of the paths for approach and departure go through an
auxiliary point Py that the control calculates from your input in
the APPR or DEP block.

® First contour point P, and last contour point Pg
You program the first contour point P, in the APPR block.
The last contour point Pg can be programmed with any path
function. If the APPR block also includes the Z coordinate, the
control moves the tool simultaneously to the first contour point
Pa.

B End point Py
The position Py lies outside of the contour and results from
your input in the DEP block. If the DEP block also includes the
Z coordinate, the control moves the tool simultaneously to the
end point Py.

Designation = Meaning

APPR Approach

DEP Departure

L Line

o Circle

T Tangential (smooth connection)
N Normal (perpendicular)

HEIDENHAIN | TNC 640 | ISO Programming User's Manual | 01/2021

&

R0=G40; RL=G41; RR=G42

149



Programming contours | Approaching and departing a contour

NOTICE

Danger of collision!

The control does not automatically check whether collisions

can occur between the tool and the workpiece. Incorrect pre-
positioning and incorrect auxiliary points Py can also lead to
contour damage. There is danger of collision during the approach
movement!

» Program a suitable pre-position

» Check the auxiliary point Py, the sequence and the contour
with the aid of the graphic simulation

o With the APPR LT, APPR LN and APPR CT functions,
the control moves the tool to the auxiliary point Py

at the last programmed feed rate (which can also be
FMAX). With the APPR LCT function, the control moves
to the auxiliary point Py at the feed rate programmed
with the APPR block. If no feed rate is programmed
yet before the approach block, the control generates an
error message.

Polar coordinates

You can also program the contour points for the following approach/
departure functions over polar coordinates:

APPR LT becomes APPR PLT
APPR LN becomes APPR PLN
APPR CT becomes APPR PCT
APPR LCT becomes APPR PLCT
DEP LCT becomes DEP PLCT

Select by soft key an approach or departure function, then press
the orange P key.

Radius compensation

The tool radius compensation is programmed together with
the first contour point P, in the APPR block. The DEP blocks
automatically discard the tool radius compensation.

o If you program APPR LN or APPR CT with G40, the
control stops the machining/simulation with an error
message.
This method of function differs from the iTNC 530
control!
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Approaching on a straight line with tangential
connection: APPR LT

The tool moves on a straight line from the starting point Pg to an Yi
auxiliary point Py. It then moves to the first contour point P, on a 35
straight line that connects tangentially to the contour. The auxiliary

point Py is separated from the first contour point P, by the distance

NS
LEN. 20 RR
» Use any path function to approach the starting point Pg X P e
> Initiate the dialog with the APPR DEP key and APPR LT soft key “d

» Coordinates of the first contour point Pa N et
§- «»@?, =
» LEN: Distance from the auxiliary point Py to the X

first contour point Pp 20 35 40

» Radius compensation G41/G42 for machining R0=G40; RL=GA41: RR=G42

Approach Ps without radius compensation
P with radius comp. G42, distance Py to Pa: LEN=15
End point of the first contour element

Next contour element

Approaching on a straight line perpendicular to the
first contour point: APPR LN

» Use any path function to approach the starting point Ps.
» Initiate the dialog with the APPR DEP key and APPR LN soft

APPR LN » Coordinates of the first contour point Pa

» Length: Distance to the auxiliary point Py.
Always enter LEN as a positive value

» Radius compensation G41/G42 for machining

Approach PS without radius compensation
PA with radius comp. G42
End point of the first contour element

Next contour element
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Approaching on a circular path with tangential
connection: APPR CT

The tool moves on a straight line from the starting point Pg to an
auxiliary point Py. It then moves from PH to the first contour point
PA following a circular arc that is tangential to the first contour
element.

The arc from Py to P, is determined through the radius R and

the center angle CCA. The direction of rotation of the circular arc

is automatically derived from the tool path for the first contour
element.

» Use any path function to approach the starting point Ps.

> Initiate the dialog with the APPR DEP key and APPR CT soft
key

» Coordinates of the first contour point Pa RO=G40: RL=G41; RR=G42
%j_ » Radius R of the circular arc

= |f the tool should approach the workpiece
in the direction defined by the radius
compensation: Enter R as a positive value

m |f the tool should approach the workpiece
opposite to the radius compensation: Enter R
as a negative value.

» Center angle CCA of the arc
m CCA can be entered only as a positive value.
B Maximum input value 360°

» Radius compensation G41/G42 for machining

o=
X

Approach PS without radius compensation
PA with radius comp. G42, radius R=10

End point of the first contour element

Next contour element
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Approaching on a circular path with tangential
connection from a straight line to the contour:
APPR LCT

The tool moves on a straight line from the starting point Pg to
an auxiliary point Py. It then moves to the first contour point Pa
on a circular arc. The feed rate programmed in the APPR block
is effective for the entire path that the control traversed in the
approach block (path Pg to Pa).

If you have programmed the coordinates of all three principal axes
X, Y and Z in the approach block, the control moves the tool from
the position defined before the APPR block to the auxiliary point Py
on all three axes simultaneously. Then the control moves the tool
from Py to Pa only in the working plane.

The arc is connected tangentially both to the line Ps - Py as well

as to the first contour element. Once these lines are known, the
radius then suffices to completely define the tool path.

» Use any path function to approach the starting point Ps.
