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Versatile

The TNC contouring control for milling and milling-turning machines

For more than 40 years, TNC controls from
HEIDENHAIN have proven themselves
every day on milling machines, machining
centers, and drilling machines. Over this
period, they have been continually further
developed, with focus placed on an operating
approach tailored to the needs of the
machine operator.

Multitouch operation

The TNC 640 comes with either a keyboard
and conventional screen or a keyboard and
touchscreen that puts zooming, rotating,
and dragging all at your fingertips for fast
and easy operation of the TNC 640.

Shop-oriented programming

The TNC 640 lets you program conventional
milling, drilling, turning, and grinding
operations right on the machine using the
shop-oriented Klartext conversational
programming language from HEIDENHAIN.
With helpful dialog guidance and informative
visual aids, the TNC 640 provides optimal
programming support, including for turning
operations.

For standard machining operations and even
complex applications, a wealth of practical
machining and coordinate transformation
cycles are at your beck and call.

Offline programming

The TNC 640 is easy to program remotely
as well. Its Ethernet interface ensures
extremely short upload times, even for
long programs.

Easy to operate

When it comes to simple machining tasks,
such as face milling or face turning, you don't
need to write a program on the TNC 640.
That's because the TNC 640 makes manual
control equally easy—either by means of
the axis keys or, for maximum sensitivity,
with an electronic handwheel.



Universally deployable
The TNC 640 is particularly well suited to
milling, turning, grinding, HSC, and 5-axis

machining on machines with up to 24 axes.

The following applications play to its
strengths:

Milling-turning machines

e Easy, program-controlled switching
capability between milling and turning

e Extensive package of turning cycles

e Constant cutting speed

e Cutter radius compensation

Universal milling machines

e Shop-floor programming in Klartext, the
conversational programming language
from HEIDENHAIN

e Rapid preset setting with HEIDENHAIN
touch probes

e Electronic handwheel capability

High-speed cutting

e Fast block processing

e Short control-loop cycle time

e Motion control with jerk compensation
e High spindle speed

e Fast data transfer

Boring mills

e Drilling and boring cycles

e Drilling of oblique holes

e Control of quills (parallel axes)

Five-axis machining with swivel head

and rotary table

e Tilting the working plane

e Cylinder surface machining

e Tool Center Point Management (TCPM)

e 3-D tool compensation

e Fast program execution thanks to short
block-processing times

Machining centers and automated

machining

e Tool management

e Pallet management

¢ Controlled preset setting

e Preset management

e Automatic workpiece measurement
with HEIDENHAIN touch probes

e Automatic tool measurement and
breakage inspection

e Connection with host computer

Grinding operations

e Convenient functions for jig grinding
and dressing

e Reciprocating stroke superimposed
onto the tool axis

e Userfriendly cycles



Intuitive and userfriendly
State-of-the-art multitouch operation

Monitor

In a clear format, the 24-inch widescreen
displays all of the information you need for
programming, operating, and checking the
control and the machine, including program
blocks, tips, and error messages. Extended
Workspace Compact offers even more
information: alongside the main window
with its usual control interface is an additional
window for displaying any external application.
You can also use a split screen in the main
window to display your NC blocks on one
side and the graphical image and status
display on the other. While the program is
running, status displays are available that
inform you about the tool position, current
program, coordinate transformations, and
more. The TNC 640 even displays the
current machining time.

Operating panel

Like all of the TNCs from HEIDENHAIN, the
operating panel was designed with the
programming process in mind. Program entry
is aided by the thoughtful arrangement of
keys into function groups for programming
operating modes, machine operating
modes, management/TNC functions, and
navigation. Intuitive key assignments, readily
understood symbols, and abbreviations
unmistakably identify the various functions.
The group of keys containing NC Start/Stop
and the feed rate/rapid traverse potentio-
meters let you work through the essential
operating sequences in the Program Run,
Single Block operating mode with just one
hand. This helps you efficiently set up the
NC program without losing sight of the
machine’s workspace. Comments and ISO
programs can also be easily entered using
the alphanumeric keypad. The integrated
machine operating panel features readily
exchangeable snap-on keys permitting easy
adaptation to the given machine configuration.
HEIDENHAIN also provides significant spatial
separation between the axis and spindle
potentiometers, which allow you to perform
fine motion adjustments. In addition, the
operating panel features a complete set of
PC keys and a trackball.



Extended Workspace Compact as an
additional window for any external
application

Main window for displaying two operating
modes, the program, the graphical image,
and the machine status

PLC soft keys for machine functions

Self-explanatory soft keys for
NC programming

Alphanumeric keyboard for comments or
ISO programming, and a set of PC keys for
controlling operating system functions

USB port for additional data storage or
other pointing devices

Trackball and mouse buttons
for easy operation

Axis-selection keys and numeric keypad

Function keys for programming modes,
machine operating modes, TNC functions,
management, and navigation

Override potentiometers for feed rate
and rapid traverse

Machine operating panel with snap-on
keys and LEDs

Override potentiometer
for spindle speed

Ergonomic and rugged design

The anodized finish on the keyboard unit is
highly resilient to chemical and mechanical
factors. The engraved keyboard lettering,
such as on the potentiometer scale, exhibits
high scratch and abrasion resistance.

Intuitive touchscreen operation

The conventional operating approach of the
TNC has proven itself over many years,
with operators around the world using the
TNC's dialog keys, navigation keys, and
soft keys.

But the touchscreen version of the TNC 640
now supports you with a particularly
innovative and userfriendly method of
operation. This approach combines the
proven benefits of the HEIDENHAIN controls
with a new method that uses tapping,
swiping, and dragging gestures.

Practical touchscreen

With an IP54 rating, the touchscreen is
designed to handle harsh shop conditions
thanks to these characteristics:

e Dust-protected

e Splash-proof

e Scratch-proof

To clean your screen, simply select the
“Touchscreen Cleaning” mode. This locks
the screen to prevent unintended
operation.

Gestures for multitouch operation

The screen of the TNC 640 can be operated
with gestures like the ones you use on
your smartphone or tablet. For example,
you can use two fingers to zoom in and
out, and swiping lets you quickly navigate
through the soft key bar, programs, and
menus.

Symbol Gesture

Tap

Double tap

Long press

Swipe

Two-finger drag

Spread

Pinch



Intuitive and userfriendly
The functional user interface

The key to safe and low-fatigue work is
having an intuitive screen layout and an
ergonomic, well-arranged keyboard.
Although HEIDENHAIN has been adhering
to these principles for a long time, the
TNC 640 offers a number of features that
make working with the control even
simpler and easier than before.

Leading-edge design

The user interface of the TNC 640 boasts a
sleek outer appearance with gently rounded
edges, color gradients, and a pleasingly
uniform font. The different screen areas are
clearly delineated, and the operating
modes are indicated by special operating
mode symbols.

To help you evaluate the priority of error
messages, the TNC 640 displays them in
colorcoded categories. A colorcoded
warning triangle is also displayed.

The smartSelect functions overview
With dialog support, you can now readily
select functions that were previously
available only via soft key structures. As
soon as you open smartSelect, you are
shown a tree structure with all of the
subordinate functions that can be defined
in the control's current operating state. The
TNC also displays integrated help on the
right-hand side of the smartSelect window.
When you make a selection with the cursor
or per mouse click, you immediately receive
detailed information about the function.
The smartSelect feature is also available for
the definition of machining cycles, touch
probe cycles, and special functions (SPEC
FCT), and for parameter programming.




Color-structured programs

The content of a program line can be quite
extensive:

e |ine number

e Program function

e |nput value

e Comment

To make sure you always keep an overview
even in complex programs, the TNC 640
displays the individual program elements in
different colors. This allows you, for example,
to see at a glance where the editable input
values are.

Universal table editor

Regardless of whether you are editing a
tool, preset, or pallet table, the layout,
method of operation, and functions of the
table editor are always the same.

Info line

In the info line, the TNC 640 helps you
orient yourself by displaying the respective
status of the submode.

MOD function

The additional MOD operating mode offers
a wide variety of possible settings in a
standardized layout, regardless of the
operating mode.

Easy to operate

The TNC 640 can be conveniently operated
with a connected mouse, but many machine
shops lack an adequate surface for a mouse.
A touchscreen, however, eliminates the
need for additional workspace for input
devices and makes everyday operation of
the TNC 640 even easier thanks to swiping,
direct selection of operating elements,

and menu navigation. The touchscreen is
particularly helpful when using the CAD
Import function, allowing you to rapidly
zoom, drag, or select with simple gestures.

User administration

The user administration feature of the
TNC 640 lets you define various roles

and access rights for users, ensuring that
each user can act only within his assigned
rights. This prevents the unintentional or
unauthorized deletion of files or content
from system files. In addition, many
functions are available only with the proper
rights. Consequently, the user administration
feature of the TNC 640 not only provides
greater data security but also increases
machine operating safety.




Complete part machining
Milling, turning, and grinding on one machine (option)

Does your workpiece need to be moved
to a lathe or grinding machine for additional
machining steps after milling? Is all the
additional capacity planning, fixture
production, workpiece setup, and finished-
part inspection a burden? If so, then a
TNC 640 on a milling-turning machine can
save you a lot of time. With it, you can
machine the complete part in one setup
using milling, turning, and grinding
operations in any sequence desired.

And when you're finished, you can measure
the finished part inside the machine using
a HEIDENHAIN touch probe.

The TNC 640 gives you powerful functions
for easily switching between turning,
dressing, and milling modes, all from within
the NC program. This gives you complete
freedom to decide how and when you
want to combine the various machining
methods. And naturally, the ability to switch
between machining modes is independent
of the machine and its axis configuration.
When switching between modes, the
TNC 640 automatically handles all of the
internal changes, such as switching to
diameter display, setting the preset in the
center of the rotary table, and machine-
dependent functions such as clamping the
tool spindle.*

10

Programming as accustomed

As always, you can program turning
operations with convenient dialog guidance
in the HEIDENHAIN Klartext conversational
programming language. Besides the
standard path functions, you can also
leverage FK free contour programming to
easily create contour elements not
otherwise dimensioned for NC programs.
In addition, turning-specific recessing and
undercutting contour elements are available
and can be defined with informative help
illustrations. Even grinding operations can
be programmed as usual with HEIDENHAIN
Klartext dialog guidance. If the contour is
available as a CAD file, then you can easily
import it with the aid of the CAD Import
function (option).

*The machine must be prepared for this function by
the machine manufacturer.

Milling, turing, and grinding cycles
HEIDENHAIN controls have always been
known for their comprehensive and
technologically advanced package of
cycles. The cycles of the TNC 640 include
multi-step, frequently recurring operations.
While programming cycles, you enjoy
dialog guidance and informative help images
that illustrate the required parameters. In
addition to the well-known TNC milling and
drilling cycles, the TNC 640 also provides
numerous turning cycles for roughing,
finishing, recessing, thread turning, recess
turning, and more. These turning functions
are based on software from the long-



proven HEIDENHAIN turning controls,
allowing you to program even complex
turning operations with ease on the
machine.

The TNC 640's more complex turning cycles
employ the same techniques as those used
for milling. As a result, TNC programmers
can build on their prior knowledge to
rapidly enter the world of turning operations
on a milling machine without retraining.
The control also features grinding cycles,
including:

e Define reciprocating stroke

e Activate wheel edge

e Profile dressing

Interpolation turing

Although you can create ring slots,

recesses, tapers, or any turning contour

using conventional turning operations, you
can also take advantage of interpolation
turning. In interpolation turning, the tool
executes a circular movement using the
linear axes. For outside turning, the cutting
edge is oriented towards the circle center,
and for internal turning, away from the
center. By varying the circle radius and the
axial position, any rotationally symmetric
body can be produced, even in a tilted
working plane. The TNC 640 provides two
cycles for interpolation turning:

e Cycle 291 activates the coupling of the
spindle positions with the axis positions,
allowing you to program any desired axial
or radial tool movement

e Cycle 292 activates spindle coupling and
automatically controls the machining of a
programmed turning contour

Turning with a facing slide

A facing slide allows you to perform turning
operations on a stationary workpiece,
thereby enabling off-center or tilted-plane
turning operations. With a facing slide,
rotational movement is implemented by the
spindle, where an axis integrated into the
facing slide determines the extension of the
turning tool (facing stroke). With the TNC 640,
you don't need to worry about the complex
motion involved. You merely select the
facing-slide mode with a program command
and then program your standard turning
cycles as usual. The TNC 640 handles all of
the calculations and executes all of the
motion sequences on its own.

1



Fast and reliable machining at high contour fidelity

Dynamic Precision

The TNC 640 is designed for exceptional
accuracy and surface quality at high
machining speeds, regardless of whether
you are milling or turning. A variety of
technologies, cycles, and functions
operating separately or in concern ensure
perfect surface finishes in extremely short
machining times:

e Optimized motion control

e Effective jerk reduction

e Dynamic contour look-ahead

12

The umbrella term Dynamic Precision
covers a number of HEIDENHAIN cutting
solutions that can dramatically improve the
dynamic accuracy of a machine tool. These
solutions shed new light on the competing
demands of accuracy, high surface quality,
and short machining times. The dynamic
accuracy of machine tools manifests itself
in deviations at the tool center point (TCP).
These deviations depend on kinetic
quantities such as speed and acceleration
(including jerk) arising from the vibration of
machine components and other factors.

dynamic
precision

All of these factors contribute to dimensional
inaccuracy and the formation of defects on
the workpiece surface, thereby impacting
both quality and productivity (in the case of
quality-related scrap). Dynamic Precision
counteracts these problems with intelligent
control technology to help improve the
quality and dynamic performance of a
machine tool. As a result, production time
and cost are reduced.



Dynamic Precision contains the following
functions, which can be deployed separately

or in combination.

Function

dynamic
precision

Benefits

CTC
(Cross Talk Compensation)

Compensation of acceleration-dependent position errors
at the TCP

Greater accuracy during acceleration phases

AVD
(Active Vibration Damping)

Active damping of machine and motor vibrations

A superior surface finish

CTC +AVD

Faster and more accurate machining

PAC
(Position Adaptive Control)

Position-dependent adaptation of control parameters

Greater contour fidelity

LAC
(Load Adaptive Control)

Load-dependent adaption of control parameters and the
maximum axis acceleration

Higher accuracy whatever the load

MAC
(Motion Adaptive Control)

Vibration can significantly impair surface quality.

Motion-dependent adaptation of control parameters

Less vibration and higher maximum
acceleration during rapid traverse

Visibly superior surface quality can be attained with AVD.

13



Fast and reliable machining at high contour fidelity
Optimal tool guidance by the TNC 640

High contour fidelity and surface quality
TNC controls from HEIDENHAIN are
known for their low-jerk and speed/
acceleration-optimized motion control,
enabling optimized surface quality and
workpiece accuracy. With the TNC 640, you
are able to leverage the latest technological
developments. The TNC 640 anticipates
and thinks along with you, dynamically
calculating the contour ahead of time. In
addition, special filters suppress specific
machine-specific natural frequencies.
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With its Look Ahead function, the TNC 640
recognizes directional changes ahead of
time and adapts the traversing speed to
the shape of the contour and the surface
to be machined. You simply program the
maximum machining speed as the feed
rate and, in Cycle 32 TOLERANCE, enter
the maximum permissible deviations from
the ideal contour. The TNC 640 automatically
then adapts the machining operation to the
selected tolerance. This method prevents
contour defects.

Advanced Dynamic Prediction (ADP)
expands upon the previous look-ahead
calculation of the permissible maximum
feed rate profile. ADP compensates for
differences in the feed rate profiles resulting
from the point distribution on neighboring
paths, especially in NC programs originating
from CAM systems. Among other benefits,
this results in particularly symmetrical feed
rate behavior on the back-and-forth paths
during bidirectional finish milling, as well as
very smooth feed rate curves on neighboring
milling paths.



Fast machining and computing
processes

With a short block-processing time of at
most 0.5 ms, the TNC 640 can run fast
look-ahead calculations for optimal use of
the machine’s dynamic parameters.
Functions such as ADP and Look Ahead
therefore ensure not only high contour
fidelity and surface quality but also optimize
the machining time.

One basis for the TNC 640's high speed

is its uniformly digital control design.

This includes the integrated digital drive

technology from HEIDENHAIN as well as

digital interfaces connecting all of the

control components with each other:

e Control components via HSCI
(HEIDENHAIN Serial Controller Interface)

e Encoders via EnDat 2.2

As a result, exceptionally high feed rates
can be implemented. In the process, the
TNC 640 is capable of interpolating up to
five axes at the same time. To attain the
required cutting speeds, the TNC 640 can
digitally control spindle speeds of up to
100000 rpm.

The TNC 640's powerful b-axis machining
capability even lets you economically
manufacture complex 3-D contours.
Programs for such contours are usually
created offline with CAM systems and
typically contain numerous short line
blocks that are transferred to the control.
With its short block-processing time, the
TNC 640 quickly executes even complex
NC programs. The control's computing
power can handle complex look-ahead
calculations in simpler NC programs as
well. Thus, regardless of the data volume
of the NC programs from your CAM
system, the TNC 640 will machine the
workpiece to nearperfect conformity with
your program.

15



Machining and measuring 3-D contours

Compensating for tool form error
3D-ToolComp (option 92) puts a powerful,
three-dimensional tool radius compensation
function at your disposal. Angle-dependent
delta values describing the deviation of the
tool from a perfect circle can be defined in
a compensation table (see graphic).

The TNC 640 then corrects the radius value
defined for the tool's current point of contact
with the workpiece. In order to determine
the exact point of contact, the NC program
must be created with surface-normal
blocks (LN blocks) by a CAM system. The
surface-normal blocks specify the theoretical
center point of the tool and, if applicable,
the tool orientation relative to the workpiece
surface.

16

The optimal procedure is to measure the
tool with a laser system and a special cycle,
automatically creating a compensation table
ready for immediate use by the TNC 640.

If the form errors of the tool being used are
available in a calibration chart from the tool
manufacturer, then you can also create the
compensation table manually.

Measuring 3-D geometries

Cycle 444, 3-D probing, allows you to
measure points on 3-D geometries. To do so,
you enter the coordinates of the measuring
point and the associated normal vectors into
the cycle. After probing, the TNC automatically
calculates whether the measuring points
are within a prescribed tolerance. You can
request the results via system parameters
in order, for example, to initiate a rework
operation from within the program. You can
also trigger a program stop and a message.
After completion of the measurement, the
cycle automatically generates a straightfor
ward measurement report in an HTML file.
To obtain even more accurate results, you
can perform a 3-D calibration of the touch
probe prior to running Cycle 444. This cycle
then compensates for the touch probe’s
individual triggering behavior in any direction.
Option 92 is required for 3-D calibration.

zi

DR2+0.002

DR2-0.004
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Machining with five axes

Guided tool tip

CAM systems generate b-axis programs
using a postprocessor. In principle, such
programs contain either all of the coordi-
nates of the machine’s existing NC axes,
or they contain NC blocks with surface
normal vectors. During 5-axis machining
on machines with three linear axes and
two additional tilting axes,* the tool is
always kept perpendicular to the surface
of the workpiece or is titled at a specific
angle relative to it (inclined tool machining).

Regardless of what type of 5-axis programs
you wish to run, the TNC 640 performs all
of the compensating movements in the
linear axes arising from movements in the
tilting axes. The TNC 640°s TCPM function
(Tool Center Point Management), an
improvement upon the proven TNC function
M128, provides optimal tool guidance and
prevents contour gouging.

* The machine and TNC must be adapted for these
functions by the machine manufacturer.

Face milling

With TCPM, you can define the behavior of
the tilting and compensating movements
that are automatically calculated by the
TNC 640:

TCPM defines the interpolation between

the start and end positions:

e face Milling:
In face milling, primary cutting is performed
using the front face of the tool (or the
corner radius in the case of toroid cutters).
In the process, the tool center point
movies along its programmed path.

e Peripheral Milling:
In peripheral milling, primary cutting is
performed with the lateral surface of the
tool. The tool tip also travels along its
programmed path, but machining with
the circumference of the tool results in a
clearly defined plane. As a result, peripheral
milling is well suited for the production
of precise surfaces using gear hobbing
processes.

TCPM defines the effect of the pro-
grammed feed rate with two possibilities
to choose from:

e The actual speed of the tool tip relative
to the workpiece: in the case of large
compensating movements while
machining close to the center of tilt,
very high axis feed rates may arise.

Peripheral milling

e Contouring feed rate of the axes
programmed in the respective NC block:
the feed rate is generally lower, but you
attain better surface quality with large
compensating movements.

In order to achieve better surface quality,
an inclination angle is often configured for
contour machining, with corresponding
angle values in the NC program. The effect
of the inclination angle can also be
configured via TCPM:
e Angle of inclination defined as an

axis angle
e Angle of inclination defined as a

spatial angle
The TNC takes the inclination angle into
account in all 3-D machining operations,
including with 45° swivel heads or tilting
tables. You can specify the angle of inclination
in the NC program via a miscellaneous
function or manually set it with an electronic
handwheel. The TNC 640 ensures that the
tool remains on the contour and does not
damage the workpiece.

You can use Cycle 444 to measure 3-D geo-
metries even when TCPM is active. The

TNC 640 then automatically takes the incli-
nation angle of the touch probe into account.

Inclined-tool machining

17



Machining with five axes
Swivel head and rotary table controlled by the TNC

Many five-axis operations that initially
appear to be highly complex can be broken
down into common 2-D movements that
have been tilted about one or more rotary
axes or wrapped around a cylindrical
surface. In order for you to create and edit
such problems quickly and easily without a
CAM system, the TNC supports you with
helpful functions.

18

Tilting the working plane*

Programs for contours and holes on inclined
surfaces are often extremely complex and
require time-consuming computing and
programming work. But the TNC 640 can
save you a great deal of programming
time.

You simply program the machining operation
as usual in a plane, such as the XY plane;
the machine then performs the operation
in a tilted plane.

The PLANE function makes it easy for you
to define a tilted working plane: tilted
working planes can be specified in seven
different ways depending on the information
available in the workpiece drawing. Help
images support you during program entry.

You can also use the PLANE function to
define the positioning behavior during
tilting to avoid unpleasant surprises when
the program is run. The settings for defining
the positioning behavior are identical for all
PLANE functions, making operation much
easier.

* The machine and TNC must be adapted for these
functions by the machine manufacturer.



Cylinder surface machining*
Programming contours made up of straight
lines and circles on cylindrical surfaces for
rotary tables is no problem with the TNC 640.
You simply program the contour in the plane
of an unrolled cylinder surface. The TNC 640
then performs the machining operation on
the cylindrical surface of the cylinder.

The TNC 640 features four cycles for

cylindrical surface machining:

e Slot milling (the slot width is the same
as the tool diameter)

e Guide-groove milling (the slot width is
greater than the tool diameter)

e Ridge milling

e Qutside contour milling

* The machine and TNC must be adapted for these
functions by the machine manufacturer.

Manual axis motion in the tool direction

on 5-axis machines

Tool retraction is very important in five-axis

machining. The virtual tool axis function

provides assistance by allowing you to
move the tool in the direction of the tool

axis using external direction keys or a

handwheel. This function is especially

useful if you want to

e retract the tool in the direction of the tool
axis during an interruption of a 5-axis
machining program,

e use the handwheel or external direction
keys to perform an operation in Manual
mode with an inclined tool, or

e move the tool with the handwheel in the
active tool axis direction during machining.

Feed rate for rotary tables in mm/min*
By default, the feed rate of rotary axes is
programmed in degrees/min. However,
the TNC 640 can interpret this feed rate in
mm/min as well. The feed rate at the
contour is then independent of the distance
of the tool center point from the center of
the rotary axis.

19



Intelligent machining

Dynamic Collision Monitoring option (DCM)

The complex machine movements and the
generally high traversing speeds involved
in B-axis machining make axis movements
difficult to predict. This makes collision
monitoring a valuable function that gives
the machine operator peace of mind and
protects the machine from damage.

20

NC programs from CAM systems may be
able to avoid collisions of the tool or tool
holder with the workpiece but do not
account for machine components in the
workspace—unless you invest in expensive
offline machine simulation software. But
even then, there is no guarantee that the
arrangement of machine components still
matches the simulation. In the worst case
scenario, collisions won't manifest them-
selves until the part is actually machined.

For cases such as these, the Dynamic
Collision Monitoring (DCM)* feature of
the TNC 640 provides the machine operator
with peace of mind. The control interrupts
machining whenever a collision is imminent,
thus increasing safety for both the machine
and operator. This, in turn, helps prevent
machine damage and any resulting costly
downtime. Unattended shifts also become
more reliable.

Dynamic Collision Monitoring (DCM) even
works in both automatic mode and
manual operation. If the machine operator
is on a “collision course” during workpiece
setup, for example, then the TNC 640 will
detect the impending collision and stop the
axis with an error message.

* The machine and TNC must be adapted for these
functions by the machine manufacturer.




Of course, the TNC 640 also shows the
operator which machine components are
on a path toward collision, both in the error
message and in a graphical depiction. If a
collision warning is displayed, then the TNC
permits retraction of the tool only in directions
that will increase the clearance between
the colliding objects.

The machine manufacturer defines the
machine components by using geometric
bodies to describe the workspace and the
collision objects. For tilting devices, the
machine manufacturer can also use the
description of the machine kinematics to
define the collision objects.

A new 3-D file format for collision objects

offers further appealing benefits:

e Convenient data transfer of standard
3-D file formats

e Fully detailed illustration of machine
components

e Greater exploitation of the machine's
workspace

The TNC 640 can also monitor tool carriers
such as