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BEGKHOFF Notes on the documentation

Notes on the documentation

This description is only intended for the use of trained specialists in control and automation engineering who
are familiar with the applicable national standards.

It is essential that the documentation and the following notes and explanations are followed when installing
and commissioning the components.

It is the duty of the technical personnel to use the documentation published at the respective time of each
installation and commissioning.

The responsible staff must ensure that the application or use of the products described satisfy all the
requirements for safety, including all the relevant laws, regulations, guidelines and standards.

Disclaimer

The documentation has been prepared with care. The products described are, however, constantly under
development.

We reserve the right to revise and change the documentation at any time and without prior announcement.
No claims for the modification of products that have already been supplied may be made on the basis of the
data, diagrams and descriptions in this documentation.

Trademarks

Beckhoff®, TwinCAT®, TwinCAT/BSD®, TC/BSD®, EtherCAT®, EtherCAT G®, EtherCAT G10°, EtherCAT P®,
Safety over EtherCAT®, TwinSAFE®, XFC®, XTS® and XPlanar® are registered trademarks of and licensed by
Beckhoff Automation GmbH.

Other designations used in this publication may be trademarks whose use by third parties for their own
purposes could violate the rights of the owners.

Patent Pending

The EtherCAT technology is patent protected, in particular by the following applications and patents:
EP1590927, EP1789857, EP1456722, EP2137893, DE102015105702
with corresponding applications or registrations in various other countries.

—
EtherCAT.

EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany

Copyright

© Beckhoff Automation GmbH & Co. KG, Germany.

The reproduction, distribution and utilisation of this document as well as the communication of its contents to
others without express authorisation are prohibited.

Offenders will be held liable for the payment of damages. All rights reserved in the event of the grant of a
patent, utility model or design.
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General and safety instructions BEGKHOFF

General and safety instructions

Icons used and their meanings

This documentation uses the following icons next to the safety instruction and the associated text. Please
read the (safety) instructions carefully and comply with them at all times.

Icons in explanatory text
1. Indicates an action.
= Indicates an action statement.

A DANGER

Acute danger to life!

If you fail to comply with the safety instruction next to this icon, there is immediate danger to human life and
health.

A CAUTION
Personal injury and damage to machines!

If you fail to comply with the safety instruction next to this icon, it may result in personal injury or damage to
machines.

NOTICE

Restriction or error

This icon describes restrictions or warns of errors.

® Tips and other notes

This icon indicates information to assist in general understanding or to provide additional informa-
tion.

General example
Example that clarifies the text.

NC programming example

Programming example (complete NC program or program sequence) of the described function or NC com-
mand.

® Specific version information

Names a specific version number as of which a new or revised functionality is available. Availability
is dependent on the exact version and, where applicable, the license.

SN

Version: 2.0 TF5250 | TwinCAT 3 CNC
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Overview BEGKHOFF

1 Overview

Task

NC programs describe tool motions using linear blocks and arcs. Smoothing methods are required to enable
these contours to be traversed without stopping. Depending on the application and hardware, various
options are available, each with suitable generators for feed rate profiles. In addition, axis command values

can be filtered symmetrically [FCT-C37] and FIR filter [» 49].

@ Parts of these functionalities are additional options that require a license.

1

Possible applications

» Contour mode methods which smooth each corner are ideal for programs with long motion blocks. This
is often referred to as polynomial contouring [P 9].

» HSC methods are suitable for free-form surfaces that contain several short blocks since they machine
the entire contour. The surface option represents an excellent, robust method.

» The B spline method [P 41] places fewer requirements on the hardware and is suitable for programs
with uniform linear blocks.

Parameterisation

» With all smoothing methods, the deviation between a smoothed and a programmed contour is limited
by the parameter PATH_DEV. TRACK_DEV can also be specified for tracking axes.

+ The higher HSC methods are expansions that require a license and can be enabled at controller start-
up [P-CHAN-00605].

* The CIR_MODE option and the channel parameter P-CHAN-00239 are required to smooth transitions
with arcs. If a kinematic is used, it may be useful to activate the automatic segmentation of NC
programs.

Programming

Smoothing methods can be configured and selected using the following commands:
« #CONTOUR MODE [PATH_DEV=.. ], select with G261 and deselect with G260
» #HSC ON [SURFACE PATH_DEV=]and #HSC OFF
* #SLOPE [TYPE= TRAPEZ, STEP or HSC]

References
» [PROG] G functions \ Path conditions and

+ [PROG] Additional options \ Jerk-limiting slope and Surface [P 37]

Mandatory note on references to other documents

For the sake of clarity, links to other documents and parameters are abbreviated, e.g. [PROG] for the
Programming Manual or P-AXIS-00001 for an axis parameter.

For technical reasons, these links only function in the Online Help (HTML5, CHM) but not in pdf files since
pdfs do not support cross-linking.

8 Version: 2.0 TF5250 | TwinCAT 3 CNC
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BEGKHOFF Description of the various smoothing methods

2 Description of the various smoothing methods

CAD/CAM systems use an error-tolerant algorithm to scan the original surface model. The task of the NC is
to follow the interpolation point path at high velocity. When CAD/CAM systems are used, the NC program is
generated by scanning the original contour created by the user. Then linear and circular blocks are
generated depending on the CAD/CAM system. This often results in short blocks ranging from a few mm
down to 1/1000 mm.

The figure below shows an example of a linear path of a tool track:
Each interpolation point represents an NC block.

Tolerance

hose

Original )

curve \ e

Approximation ‘
by polygon

Fig. 1: Approximation of a continuous tool path by means of linear blocks within a tolerance band.

Depending on the workpiece type, the contour then describes a relatively smooth path (non-prismatic), or the
contour contains corners or edges which must be reproduced or remain recognisable in the workpiece.

A sufficiently high path velocity can only be achieved if the generated NC program has a smooth path of
interpolation points. Large fluctuations in block motion paths can lead to highly fluctuating feed rate profiles.
This can also have a negative impact on machining results.

Irregular distributions of interpolation points are best interpolated using a highly smoothing method such as
the Surface method. However, it is even better to use a suitable filter function in the CAD/CAM system since
only this system contains the original contour data.

In all contour smoothing methods, the error tolerance for the main axes forming the feed group is defined in
millimetres using the keyword PATH_DEYV. If there are more than 3 axes, the tolerance of the angular axes
is additionally specified in degrees using the keyword TRACK_DEV.

Distance from the programmed path

Points programmed with G1 or GO

Fig. 2: Distance between the smoothed contour and the programmed path

2.1 Contour mode (for simple programs)

Syntax:

G61 Polynomial contouring (at block end) non-modal
... or for polynomial contouring across several blocks:

G261 Selecting polynomial contouring (at block end) modal
G260 Deselecting polynomial contouring modal
TF5250 | TwinCAT 3 CNC Version: 2.0 9
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211 Definition of terms

Polynomial Curvature and direction-continuous connection of two motion blocks.

contouring:

Contouring The contouring curve inserted at the corner point.

curve:

Block length:  The path length of the curve corresponding to the motion block.

Corner Distance from the start/end of the contouring curve to the programmed target point/starting

distance: point of a motion block (see figure below). The corner distance is always limited to half the
block length.

In a circular block, the corner distance is the arc length from the starting point of the
contouring curve up to the programmed target point of the arc.

Corner distance o \

Fig. 3: Definition of corner distance
Pre-block: Motion block before the contouring curve
Post-block: Motion block after the contouring curve

Pre-distance: Corner distance of the pre-block
Post-distance: Corner distance of the post-block
Interim point:  Point at which the two partial curves of the contouring curve meet.

Corner The distance between the programmed corner point and the interim point of the contouring
deviation: curve (see figure below).

®

®

R

PZ /|
) " Corner
Py Py : deviation
Fig. 4: Definition of corner deviation
10 Version: 2.0 TF5250 | TwinCAT 3 CNC
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Comparing the programming of G61 — G261/G260
The three NC programs all generate the identical contour shown in the figure below.

$poly G61 $poly G261 1 $poly G261 _2
N10 X0 YO GOl F1000 N10 XO YO GOl F1000 N10 XO YO0 GO1 F1000
N20 X20 Y100 N20 X20 Y100 N20 X20 Y100
N30 G61 X40 Y100 N30 G261 X40 Y100 N25 G261
N40 G61 X60 Y20 N40 X60 Y20 N30 X40 Y100
N50 G61 X80 Y20 N50 X80 Y20 N40 X60 Y20
N60 G61 X100 Y100 N60O X100 Y100 N50 X80 Y20
N70 X120 Y100 N70 G260 X120 Y100 N60O X100 Y100
N80 X140 Y20 N80 X140 Y20 N70 X120 Y100
N90 X160 Y20 N90 X160 Y20 N75 G260
N100 M30 N100 M30 N80 X140 Y20
Y
160
140
120
M30 M0
100
80
20
]
40
20
0 T T T T T T T T T X

] 20 40 60 80 100 120 140 160 180 200

Fig. 5: Contour for programming G61 — G261/G260

TF5250 | TwinCAT 3 CNC Version: 2.0 11
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21.2 General properties of contour mode

The process of polynomial contouring is calculated from the geometrical path contour of the main axes in
space. The given conditions, e.g. corner deviation or percentage path velocity, result in a position on the
original contour from which the contour can be changed or replaced by a contouring curve (polynomial). This
means that the starting or target point of the contouring curve which is known on the original path curve.

Using the determined starting and target points of the polynomial of the main axes calculated using the
conditions, it is also possible to specify the position of the tracking axes at which their original contour can be
replaced by a polynomial.

With tracking axes, as with main axes, a curvature and direction-continuous polynomial is inserted between
the corner distances of the pre-block and post-block, taking into consideration the max. acceleration of these
axes. However, the originally specified corner deviation refers only to the deviation of the main axis in space
so that, if required, an additional limit value can be specified for the maximum deviation of the tracking axes.
Any theoretical excess of this deviation by the tracking axis causes a reduction in the contouring curve
(reduction in corner distance).

Polynomial contouring is automatically suppressed depending on the transition between the pre-block and
post-block if:

» The transition of all axes is mirrored tangentially or directly.

» The transition of the main axes is tangential and no maximum deviation (value = 0) was specified for
the tracking axes.

+ After programming G61, program end is reached without post-block.

Maximum corner distance, minimum residual block length

In addition, the following restrictions apply in order to generate smooth transitions.

» The corner distance may assume a maximum of 50% of the original block length. If the corner distance
selected is greater, the distance of the pre-block and post-block is limited accordingly. If the corner
distance at block start and block end is 50% of the original block length, the block is skipped
completely.

* When parameterising the contouring function, the minimum residual block length can be set between
0% and 100%. This corresponds to a variable maximum corner distance from 50% to 0%. At every
program start, the minimal residual block length is first set to 0% (block can be completely contoured).
If the minimum residual block length is specified as 10%, for example, the corner distances of this
block can be maximum (100% - 10%) / 2 = 45% of the original block length.

* In circular blocks the maximum corner distance (distance travelled on circle) is limited so that the angle
covered does not exceed 90°.

12 Version: 2.0 TF5250 | TwinCAT 3 CNC
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2.1.21

Relevant block length

If the programmed relevant block length, which is defined by RELEVANT_PATH is less than the defined
minimum length of 32 pm, the block is limited to this minimum length.

In addition, the contour can include very short compensation blocks which are inserted by a programming
system (CAD/CAM) or by tool radius compensation. After compensation the block retains a continuous path.

A minimum block length can be defined in order to avoid abortion of contouring by these short blocks:
Shorter blocks are skipped during active contouring, i.e. contouring is considered in the following block.

Here, a limit for the motion path of the main axes in space as well as a limit can be specified for the motion

path of the tracking axes. The block is skipped completely only when both the motion path of the main axes
and the motion path of the individual tracking axes are below the specified limit. Polynomial contouring
combines the pre-block and the post-block in direction and curvature-continuous function. The initial blocks
need not be adjacent (contour need not be continuous).

If a block is skipped, the maximum corner deviation of the main axes and tracking axes can only be

approximated. This means, it is assumed that the deviation of the contouring can be ignored in the skipped

blocks.

Relevant block length

#CONTOUR MODE [DEV,
NO3 GO1 X0 YO z0 CO F4
N907090 G04 X0.1

N04 X5 G261

PATH DEV 5, RELEVANT PATH 2]

NO5 Y1
N09 X10 Y3 G260
N907091 YO
4
x 10 .
Skipping of a short block
3 :
e T S g _______________________
o~ 2 -
@
=
m
=
.E 1.5 ..6.........[......t....................-....
riginal contour
: - ~
E e
. Z | PSS SN U=y R S
= Contour after c;untuur'rlg
0.5 L - IF AR K R ——
: ; — | -
0 0.2 0.4 06 0.4 J51
Command value 1 %10
Fig. 6: Example of skipping a short block NO5 when contouring
TF5250 | TwinCAT 3 CNC Version: 2.0 13
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Special case 1: Sequence of multiple short blocks behind the block transition

If multiple sequential blocks (N20, N30, N40) are shorter than the minimum motion path specified, the blocks
are skipped provided the distance to the target point from the last relevant end point (N10) is shorter than the
specified minimum motion path. If the target point of the skipped block is outside this envelope curve, the
block (N40) is used to calculate the contouring curve even if it is shorter than the specified minimum length.
This method permits a slight deviation from the original contour even if multiple sequential blocks are
skipped.

N10

Fig. 7: Some single blocks (N20, N30 and N40) are too short but the target point is outside the minimum
block length.

Special case 2: Sequence of multiple short blocks behind the block transition, last block is extremely short

As an exception, the block N40 itself may be shorter than the minimum system-specific length (about 16 pm)
required for contouring. In this case, the last end point and the new target point are connected by a linear
block. This new linear block N20" is then used to calculate the contouring curve.

Target

N10 End

Fig. 8: Single blocks (N20, N30 and N40) are too short but the sum of all blocks exceeds the minimum
system-specific block length.

14 Version: 2.0 TF5250 | TwinCAT 3 CNC
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Special case 3: Short blocks before the block transition

If the blocks at the beginning of contouring (before block transition) are already shorter than the minimum
system-specific length, the blocks are skipped. The blocks are skipped until the distance between the last
valid point and the current target point exceeds the minimum block length. If this is the case, the last end
point and the current target point is connected by a linear block N10’. This linear block then is used as the
start block for contouring.

Start

N20

Fig. 9: Multiple blocks (N10, N20 and N30) are too short but the sum of all blocks exceeds the minimum
system-specific block length.

Special case 4: Deselect contouring or changing parameterisation

If contouring is deselected when blocks are skipped or the basic conditions for contouring are changed, the
current contouring may only be continued up until they are deselected or parameters are changed. After this
function, contouring may be continued using the new parameters.

N10

Fig. 10: Some single blocks (N20, N30 and N40) are too short but contouring is deselected as of block N20.

TF5250 | TwinCAT 3 CNC Version: 2.0 15
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21.2.2 Executing additional blocks

If a command without contour information is programmed in addition to the motion blocks at block end (N10
—N20) (e.g. M function requiring acknowledgement with pre-block output and post-block synchronisation,
MVS_SNS), the command may be executed before, during or after the contouring curve.

Executing additional blocks

N100 #CONTOUR MODE [DEV, PATH DEV 4, RELEVANT PATH 0.1, INTER ACTION]
N110 X100 Gel M25
N120 Y100

Output SPSsets NC waits for
M25 acknowledgement acknowledgement

o &3

N1 N5 N10 Poly1 || Poly2 : N20
Fig. 11: Synchronisation without contour-relevant actions during contouring
N100 #CONTOUR MODE [DEV, PATH DEV 4, RELEVANT PATH 0.1, POST_ ACTION]

SPS sets NC checks
Qutput acknowledgement acknowledgement
M25 M25 M25

N1 N5 N10  + Polyt | Poly2 N20 i
Fig. 12: Synchronisation without contour-relevant actions after contouring
16 Version: 2.0 TF5250 | TwinCAT 3 CNC
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There are 3 options to execute these commands:

1. Directly after pre-block (N10) and before the first contouring polynomial
2. Between first and second contouring polynomial
3. After the second contouring polynomial and before the post-block (N20)

21.2.3 Jerk within the polynomial

The curvature of the polynomial results in a jerk for the axes running across the path trajectory. This jerk is
normally checked with the maximum dynamic parameters of the axes (P-AXIS-00199). If the jerk is too
strong, path velocity is reduced accordingly. In some user-specific applications, this reduction in velocity is
undesirable because of the maximum jerk. This can be defined specifically by control commands in the NC
command #CONTOUR MODE. The control commands overwrite the pre-definition in the channel parameter
list P-CHAN-00110 and are valid modal up to program end.

In the example below, the block transition from N6 to N7 is contoured by polynomials and this is considered
by the jerk. The transition from N7 to N8 is also contoured but with no consideration for jerk on the path
contour.

Jerk within the polynomial

spoly jerk.nc
(default setting in the channel parameter list: (check jerk on poly path)

#SLOPE [TYPE=TRAPEZ]
#CONTOUR MODE [ DEV, PATH DEV 4, RELEVANT PATH 0.1]
N00O0O3 G1 X0 Y100 Z0 F4

N0004 G261

N0005 Gl G91 X100

N0006 Y-50

N0007 #CONTOUR MODE [CHECK JERK=1]
N0008 X100

N0009 #CONTOUR MODE [CHECK JERK=0]
N0010 Y-50

N0009 G260

N0055 M30

TF5250 | TwinCAT 3 CNC Version: 2.0 17
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21.24 Velocity curve in the contouring section

Depending on axis parameterisation and the application, it may be necessary to influence the velocity curve
in the contouring section. In the default definition, the contouring section is travelled at maximum permissible
path velocity. If the axes have strongly different dynamics, this could lead to an unacceptable excitation of
vibrations in the machine because path velocity is adjusted in the contouring section.

The characteristic in the contouring section can be adjusted by specific control commands in the NC
command #CONTOUR MODE.

In the example below, the block transition from N6 to N7 is contoured by polynomials which are moved in the
contouring section at maximum velocity, i.e. the velocity is adjusted here by different axis dynamics. The
transition from N9 to N10 is also contoured but without any velocity adjustment. This leads to a constant path
velocity in the contouring section.

Compensate velocity curve in the contouring section
The velocity curve on the right-hand side of the graph is compensated.

%poly const speed

NO0O3 #SLOPE [TYPE=TRAPEZ]

N0004 G1 X0 YO Z0O F8000

N0O0OO5 #CONTOUR MODE [CONST VEL=0]
NO006 X100 Go61

NO0O7 Y100

N0008 #CONTOUR MODE [CONST VEL=1]
NO009 X0 G61

NO010 YO
N0020 M30
5
x 10
Y N A
1
i)
8 o8
o
(7))
<
g 0.6 \;J_/ LJ
0.4 NE+N7 N9+N10
0.2
0
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 13.8
10
Cycles X
Fig. 13: Behaviour in the contouring section
18 Version: 2.0 TF5250 | TwinCAT 3 CNC
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213 Contour mode in the NC program

Contouring is activated by the G functions G61 (blockwise) or G261 (modal) after parameterising the
corresponding contouring mode.

Activating contour modes in the NC program

%Contour_on off

N10 G90 GO1 X0 YO Z0 A0 CO F60

N20 #CONTOUR MODE ON [DEV PATHiDEV=1.0] ;Parameterise and
;activate (= G261)

N30 X100

N40 Y100

N50 XO

N60 YO

N70 #CONTOUR MODE OFF ;Deactivate (= G260)

N80 M30

Parameterise contour modes in the NC program

Before the actual enabling of polynomial contouring (G61/G261), the individual options are parameterised by
the NC command #CONTOUR MODE.

Depending on the contour mode, specific keywords are provided for parameterisation. The command has
the following syntax structure:

#CONTOUR MODE [<contour_mode> <parameter> <action> ]

<contour_mode> DEV Contouring with corner deviation (default)
DIST Contouring with corner distance
POS Contour with interim point

DIST_SOFT Dynamic optimised contouring
DIST_MASTER |Dynamic optimised contouring with master axis
PTP Dynamically optimised contouring of the complete contour

<Parameter> PATH_DEV Caution:
TRACK_DEV The parameters for deviations and tolerances must always be

specified in [mm, inch] or [°]. When specifying in [inch], please
refer to the note in P-CHAN-00439.

<action> PRE_ACTION |Execute M/H actions at the start of the contouring curve.
INTER_ACTION |Execute M/H actions at the centre of the contouring curve.
POST_ACTION |M/H actions after the contouring curve.
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2.1.31 Contouring with corner deviation

@ Default parameterisation of this contouring type becomes effective after program start.

Corner distances used to shorten motion blocks are automatically determined after purely geometric
considerations to prevent a user-specified corner deviation from being exceeded.

Corner distances are limited depending on the specified minimum residual block length. However, both
distances are limited symmetrically. In this case, the programmed path velocity has no influence on the
contouring curve.

It is better to use the parameter RELEVANT_PATH to obtain optimised contouring. It is recommended to
adopt the maximum corner deviation value PATH_DEV.

Syntax of parameterisation:

#CONTOUR MODE [ DEV [PATH_DEV=..] [RELEVANT_PATH=..] TRACK_DEV-=. ]
[RELEVANT_TRACK=. ]

[REMAIN_PART=. ] [<action>] [CHECK_JERK=..] [MAX_ANGLE=. ]
[CONST_VEL=.]]

DEV Contour with maximum corner deviation

PATH_DEV=.. Maximum deviation of programmed contour in [mm, inch ]*
Default value: 1 mm
* when P-CHAN-00439 is active

RELEVANT_PATH=.. Minimum path length of relevant post-blocks in [mm, inch *].
Default value: 0 mm

* when P-CHAN-00439 is active

TRACK_DEV=.. Maximum deviation of tracking axes in [°]
Default value: 0 °

RELEVANT_TRACK=.. Minimum path of tracking axis for relevant post-blocks in [°]
Default value: 0 °

REMAIN_PART=.. Distance to go in [0%-100%] of original block
Default value: 0%
<action> Identifier for time of execution of additional actions (M/H):

PRE_ACTION: Actions before contouring curve.
INTER_ACTION: Actions in contouring curve (default).
POST_ACTION: Actions after contouring curve.
CHECK_JERK=.. Jerk monitoring caused by curvature of the polynomial (cf. P-CHAN-00110) with:
0: Without jerk monitoring (default).

1: Jerk monitoring based on the geometric ramp time (P-AXIS-00199). This may
reduce path velocity.

2: Jerk monitoring based on ramp times P-AXIS-00195 up to P-AXIS-00198 of the
non-linear velocity profile.
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MAX_ANGLE-=.. Maximum contour knee angle in [°] for transitions between two linear blocks up to

which contouring is active.
Default value: 178° (i.e. the entire contour is contoured)

N20

N10

CONST_VEL-=.. Constant path velocity in the contouring section where:
0: Without constant path velocity (default).
1: At constant path velocity.

Contouring with corner deviation

N100 #CONTOUR MODE [DEV PATH DEV=5]
N110 GO01 X100 Gel
N120 GO1 Y100

N120

* €=5mm

4
a
v

N110

a

Fig. 14: Contouring with corner deviation
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21.3.2 Corner distance contouring

If the point from which the original contour may be left is known, the user can explicitly specify the corner
distances of the pre-blocks and post-blocks by which the adjacent motion blocks are to be shortened.

The corner distances are limited if they do not exceed the minimum residual block length .

If the corner distances a and b are specified as identical, the other corner distance is symmetrically limited if
one corner distance is limited to the minimum remaining block length.

If the corner distances a and b are specified as different, only the distance which is too long is reduced if
limited. With asymmetrical path lengths, this can lead to a "degenerated” contour but this may sometimes be
desirable.

Syntax of parameterisation:

#CONTOUR MODE [ DIST [PRE_DIST=..] [POST_DIST=..] [RELEVANT_PATH-=. ]
[RELEVANT_TRACK=..] [TRACK_DEV=.] [REMAIN_PART=.]
[<action>] [CHECK_JERK=..] [MAX_ANGLE-=..] [CONST_VEL=.]]

DIST Contouring with corner distance specified
PRE_DIST=.. Corner distance in [mm, inch*] after which there is a deviation from the original
contour.

Default value: 1 mm
*when P-CHAN-00439 is active
POST DIST=.. Corner distance in [mm, inch*] after which there is a return to the original contour.
Default value: 1 mm
*when P-CHAN-00439 is active
RELEVANT_PATH=.. Minimum path length of relevant post-blocks in [mm, inch *]
Default value: 0 mm
RELEVANT_TRACK=.. Minimum path length of tracking axis for relevant post-blocks in [°].
Default value: 0 °

TRACK_DEV=.. Maximum deviation of tracking axes in [°]
Default value: 0 °
REMAIN_PART=.. Distance to go in [0%-100%)] of original block
Default value: 0%
<action> Identifier for time of execution of additional actions (M/H):

PRE_ACTION: Actions before contouring curve.
INTER_ACTION: Actions in contouring curve (default).
POST_ACTION: Actions after contouring curve.
CHECK_JERK=.. Jerk monitoring caused by curvature of the polynomial (cf. P-CHAN-00110) with:
0: Without jerk monitoring (default).

1: Jerk monitoring based on the geometric ramp time (P-AXIS-00199). This may
reduce path velocity.

2: Jerk monitoring based on ramp times P-AXIS-00195 up to P-AXIS-00198 of the
non-linear velocity profile

MAX_ANGLE-=.. Maximum contour knee angle in [°] for transitions between two linear blocks up to
which contouring is active.

Default value: 178° (i.e. the entire contour is contoured)

22 Version: 2.0 TF5250 | TwinCAT 3 CNC
HSC Pack



BEGKHOFF Description of the various smoothing methods

N20

N10

CONST_VEL-=.. Constant path velocity in the contouring section with:

0: Without constant path velocity (default).
1: At constant path velocity.

Contouring with corner distance

N100 #CONTOUR MODE [DIST PRE DIST=10 POST DIST=5]
N110 GO1 X100 Gél
N120 GO1 Y100

L
N120
A
* A
b=5
Contouring
curve
o o h 4
N110 Programmed
contour
< >
a=10
Fig. 15: Corner distance contouring
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21.3.3 Contour with interim point

Here, the user specifies not only the corner distances but also an interim point P at which the two polynomial
curves are adjacent to each other (expert mode). This mode permits the retention of the programmed
contour and fully utilises the dynamics by specifying the corner distance zero. In other words, the corner
distances need not be symmetrical here.

Syntax of parameterisation:

#CONTOUR MODE [ POS [PRE_DIST=..] [POST_DIST=.] [X..] [Y..] [Z..] [<action>]
[CHECK_JERK=..] [CONST_VEL=.]]

POS Contour by specifying the interim point

PRE_DIST=.. Corner distance in [mm, inch*] after which there is a deviation from the original
contour. The value 0 mm is possible here.

Default value: 1 mm
*when P-CHAN-00439 is active

POST _DIST=.. Corner distance in [mm, inch*] after which there is a return to the original contour.
The value 0 mm is possible here.

Default value: 1 mm
*when P-CHAN-00439 is active

X.. Position of interim point in the first main axis in [mm, inch]

Y.. Position of interim point in the second main axis in [mm, inch]
Z.. Position of interim point in the third main axis in [mm, inch]
<action> Identifier for time of execution of additional actions (M/H):

PRE_ACTION: Actions before contouring curve.
INTER_ACTION: Actions during the contouring curve (default).

POST_ACTION: Actions after contouring curve.
CHECK_JERK=.. Jerk monitoring caused by curvature of the polynomial (cf. P-CHAN-00110) with:

0: Without jerk monitoring (default).

1: Jerk monitoring based on the geometric ramp time (P-AXIS-00199). This may
reduce path velocity

2: Jerk monitoring based on ramp times P-AXIS-00195 up to P-AXIS-00198 of the
non-linear velocity profile

CONST_VEL-=.. Constant path velocity in the contouring section with:
0: Without constant path velocity (default).
1: At constant path velocity.
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Contour with interim point

N100 #CONTOUR MODE [POS PRE DIST=2 POST DIST=3 X110 Y-10 Zz0]
N110 GOl X100 G6l
N120 GO1 Y100

N120

P(110,-10,0)

Fig. 16: Contour with interim point
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2134 Dynamic optimised contouring

Contouring types with corner deviation and interim point define the contouring curve by a direction- and
curvature-continuous connection between two motion blocks. This contouring curve referred to the axes may
result in a fluctuation in acceleration.

When the possible dynamic data is considered with reference to the axes (acceleration, jerk), the contouring
curve is defined at uniform acceleration (minimum jerk) of the two axes. By utilising maximum axis
acceleration, the duration of the contouring curve is reduced.

Syntax of parameterisation:

#CONTOUR MODE [ DIST_SOFT [PATH_DIST=..] [TRACK_DIST=..] [ACC_MAX=..] [ACC_MIN=..]

[RAMP_TIME=..] [DIST_WEIGHT=.]]

DIST_SOFT Dynamic optimised contouring

PATH_DIST=.. Corner distance of pre-block and post-block (symmetrical) in [mm, inch *] after
which a deviation from the original contour is allowed. The definition refers to the
motion path of the feed axes.

Default value: 1 mm
Monitoring off: -1 mm
*when P-CHAN-00439 is active

TRACK DIST=.. Corner distance to pre-block and post-block in [°] after which non-feed axes
(tracking axes) may deviate from the original contour.

Default value: Value is adopted automatically from PATH_DIST provided this value
was not explicitly specified (since program start).
Monitoring off: -1 °

ACC_MAX=.. Percentage in [0%-100%] of maximum axis acceleration (machine data) which may
be used by the contouring curve.
Default value: 100%

ACC_MIN=.. Percentage in [0%-100%] of maximum axis acceleration (machine data) which
should be used by the contouring curve. If the specified corner distance (see
PATH_DIST) is not maintained, the acceleration is increased to maximum value
(ACC_MAX).

Default value: 50%

RAMP_TIME=.. Percentage weighting of the ramp time in [0%-10000%].
Default value: 100%

DIST_WEIGHT=.. Influences the split of contoured linear blocks in [0%-100%)]: In the 0% pre-
definition, all blocks are halved; at 100%, the split ratio corresponds to the lengths
of adjacent blocks. This value can be used to combine the two methods by
percentage.

Default value: 0%
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Restrictions:

« If a circular block is used for contouring, the contouring curve is calculated with corner distance without
dynamic optimisation.

* The calculation uses only one ramp time (maximum value of the four individual ramp times).

» No processing of kinematic transformations. In this case, calculation is performed with corner distance
without dynamic optimisation.

* In many cases, weighting the corner distances by the parameter DIST_WEIGHT depending on the
pre-/post-blocks results in an optimised utilisation of the available block length.

When axis-specific contouring is executed, the corner distances of the pre-block and post-block are always
identical (symmetrical). If the maximum corner distances are also limited on the half block motion path, a
shorter contouring section and therefore a lower contouring velocity results for longer motion paths due to
the shorter preceding/following motion path.

Contouring
curve

Fig. 17: Maximum corner distance of block N20 independent of the block lengths of N10 and N20
(DIST_WEIGHT = 0%)

If the length of the pre- and post-blocks are considered in the calculation of the maximum corner distances,
the contouring zone can be increased.
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Fig. 18: Maximum corner distance of block N20 subdivided relative to the block lengths of N10 and N30
(DIST_WEIGHT = 100%)
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Dynamic optimised contouring
Comparison of contouring of a 90° corner with the methods:

Dynamically optimised contouring (DIST_SOFT):

NO10 #CONTOUR MODE [DIST_ SOFT PATH DIST=12]
N020 GO X0 YO

NO030 G261

NO40 GO1 X80 YO F2.5

NO50 GO1 X80 Y80

NO60 G260

NO70 M30

Contouring with corner deviation (DEV):

N010 #CONTOUR MODE [DEV PATH DEV=0.2]
N020 GO X0 YO

NO30 G261

N040 GO1 X80 YO F2.5

NO50 GO1 X80 Y80

*
N120
A
‘/y e = 5 mm
.—
VY
a

o > o v

N110

< >
d

Fig. 19: Contouring with corner deviation (PATH_DEV) and corner distance (PATH_DIST).
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21.3.5 Dynamic optimised contouring with master axis

A feed master axis is used in this variant of the dynamically optimised contouring curve. This generally
results in a more favourable velocity profile.

The feed master axis is identified in the axis parameter list by an entry in P-AXIS-00015 and marked as the
only feed axis in the channel parameter list (P-CHAN-00011).
Further properties and limitations correspond to the dynamically optimised contouring mode.
Syntax of parameterisation:
#CONTOUR MODE [ DIST_MASTER [SYM_DIST=..] [ACC_MAX=..] [ACC_MIN=.]
[RAMP_TIME=..] [DIST_WEIGHT=.]]

DIST_MASTER Dynamically optimised contouring with feed master axis

SYM_DIST=.. Corner distance of pre-block and post-block (symmetrical) in [mm, inch *] after
which a deviation from the original contour is allowed.

Default value: 1 mm
Monitoring off: -1 mm
*when P-CHAN-00439 is active

ACC_MAX=.. Percentage in [0%-100%] of maximum axis acceleration (machine data) which may
be used by the contouring curve.

Default value: 100%

ACC_MIN=.. Percentage in [0%-100%] of maximum axis acceleration (machine data) which
should be used by the contouring curve. If this specified corner distance (see
SYM_DIST) is not maintained here, the acceleration is increased up to maximum
value (ACC_MAX).

Default value: 50%

RAMP_TIME-=.. Percentage weighting of the ramp time in [0%-10000%].
Default value: 100%
DIST _WEIGHT=.. Percentage weighting of corner distances relative to the pre-/post-block in

[0%-100%].
Default value: 0%
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2.1.3.6 Dynamically optimised contouring of the complete contour

This mode is suitable for handling tasks where the feed rate need not be constant in the rounded contour.
The contouring curve is selected so that at least one axis involved utilises the dynamics available. As
opposed to dynamically optimised contouring (DIST_SOFT), this mode involves the entire contour. The
figure below shows a typical application:
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Comprehensive planning avoids unnecessary acceleration zeroes at block limits and calculates uniform
velocity profiles as shown in the figure below.
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Accelerations with constant jerk change to reduce further excitations. The acceleration phases are then
placed in the straight sections before and after the rounded contour:
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4000

5000
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0

The corner deviation defines the distance of the rounded contour to the program corner point.

If the position is known at which a deviation from the original contour is permitted, the user can explicitly
specify the amount of pre-block and post-block corner distances by which the adjacent motion blocks are
shortened. The corner distances are limited if they do not exceed the minimum residual block length .

Syntax of parameterisation:

#CONTOUR MODE [PTP [PATH_DEV=..] [PATH_DIST=..] [MERGE=. ] [<action>] |

PTP Axis-specific contouring with specification of corner distance [as of Build
V3.1.3052.01]
PATH_DEV=.. Maximum corner deviation from the programmed contour in [mm, inch *].

Default value: 1 mm

*when P-CHAN-00439 is active

PATH_DIST=.. Corner distance of pre-block and post-block (symmetrical) in [mm, inch *] after
which a deviation from the original contour is allowed. The definition refers to the
motion path of the feed axes [as of Build V3.1.3079.16].

Default value: 1 mm
*when P-CHAN-00439 is active

MERGE-=.. Merge tangential blocks [as of V3.1.3079.16] where:
0: Do not merge
1: Merge (default)

<action> Identifier for time of execution of additional actions (M/H) where:
PRE_ACTION: Actions before contouring curve.
INTER_ACTION: Actions in contouring curve (default).
POST_ACTION: Actions after contouring curve.
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NOTICE

This mode is not suitable for:
» Programs containing many short motion paths (see also HSC).

» Programs with circular blocks since this results in the automatic deselection of the mode.

NOTICE

This functionality can only be used if the start-up parameter is parameterised for each channel in which the
function is to be used.

Example of a setting in the start-up list:

configuration.channel[].path preparation.function FCT DEFAULT|FCT PTP

Dynamically optimised contouring of the complete contour

N100 #CONTOUR MODE [PTP PATH DEV=5]
N110 GO1 X100 Gé6l
N120 GO1 Y100

N120

®* e=5mm

N110

Fig. 20: Dyn. optimised contouring of the entire contour specifying corner deviation
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BECKHOFF

21.4

Example

The examples below show the influence of the different output of M functions during contouring.

N10
N20
N30

N40
N50
N60
N70
N80
NS0

X0 YO
G91 GO01 F6000

#CONTOUR MODE [DEV PATH DEV=10 POST ACTION]

X100 Gé61l M25
Y100 F3000
X100 G61 F6000
G04 X2

Y100

X0 YO

N100 X100 Gé61l
N110 Y100 M26

N120 G04 X1

(MVS_SNS)

(MVS_SVS)

34

Version: 2.0

TF5250 | TwinCAT 3 CNC
HSC Pack



BEGKHOFF Description of the various smoothing methods

Change the limit angle during contouring:

#CONTOUR MODE [DEV PATH DEV=0.50 RELEVANT PATH=0.1 TRACK DEV=2 RELEVANT TRACK=0.2]
F10000

G261

N5 #CONTOUR MODE [MAX ANGLE=3]
N10 GOl X0 YO Z0 G61

N15 #CONTOUR MODE [MAX ANGLE=4]
N20 GOl X100 YO ZzO

N25 #CONTOUR MODE [MAX ANGLE=5]
N30 GO1 X100 Y100 ZzO

N35 #CONTOUR MODE [MAX ANGLE=6]
N40 GO1 X0 Y0 z0 Gel

G260

Result:

Contouring the N<i> block always takes place at the limit angle of the previous N<i-5> block.

Variation of the contour angle with constant limit angle:

#CONTOUR MODE [DEV PATH DEV=0.50 RELEVANT PATH=0.1 TRACK DEV=2 RELEVANT TRACK=0.2]
#CONTOUR MODE [RELEVANT TRACK=0.3]

P100 = 50

F10000

#CONTOUR MODE [MAX ANGLE=73]
N10 GOl X-P100 YO Z0 CO AO

$FOR P123 = 0, 90, 7.5
N2 GO01 X0 YO Z0 CO A0 G61l
Pl = COS[P123]*P100
P2 = SIN[P123]*P100
NP123 XP1 YP2
N100 GO1 X-P100 YO ZO CO AO
SENDFOR

$FOR P123 = 270, 370, 7.5
N120 GO1 X0 YO Z0 CO AO G61l
Pl = COS[P123]*P100
P2 = SIN[P123]*P100
NP123 XP1l YP2
N400 GO1 X-P100 YO ZO CO AO

SENDFOR

M30

TF5250 | TwinCAT 3 CNC Version: 2.0 35
HSC Pack



Description of the various smoothing methods BEGKHOFF

215 Remarks

If axes are released or fetched after programming G61 or G261/G260 (contouring at block end), the
contouring mode cannot be executed.

Contouring mode is not executed

N10 GO1 X100 YO z0 F1000

N20 GOl X50 Y50 G61

N30 #PUT AX [Z] (Contouring mode is not executed)
N40 GO1 X100

N50 M30

With interim point contouring, the shape of the curve depends on the choice of interim point. The following
curve shape is also possible:
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2.2 Surface machining with Surface

The HSC Surface Optimiser was developed to achieve consistent machining results regardless of the point
distribution by the CAM system. In particular, the density of interpolation points on neighbouring machining
paths can fluctuate with some CAM systems, which would lead to an uneven machining result. The figure
below shows a machining result of this kind. The two points marked in red are missing on one of the
neighbouring machining paths. This results in a different tool path (blue) in contrast to the neighbouring
paths if the smoothing process is not optimised.

Fig. 21: Problems in workpiece quality due to uneven distribution caused by the CAM system.

In addition to uniform machining paths, the HSC Surface Optimiser ensures a high feed rate that is as
constant as possible. Due to the necessary calculations, the use of the Surface Optimiser requires high-
performance control hardware.

Programming

Syntax:

#HSC [ON | OFF] [[ SURFACE [PATH_DEV=..] [PATH_DEV_G00=..] [TRACK_DEV=..]
[TRACK_DEV_G00=..]

[MAX_ANGLE=..] [CHECK_JERK=..] [AUTO_OFF_G00=..] [CIR_MODE-=..]
[CIR_MIN_ANGLE=..] [CIR_MIN_RADIUS=..] [MERGE=..] [LENGTH_LONG_CIR=..]]]

ON Enable HSC programming.

OFF Disable HSC programming.

SURFACE Keyword for HSC machining with surface optimiser. Must always be programmed
as first keyword.

PATH_DEV=.. Define maximum contour error.

> 0.0: Maximum path deviation in [mm, inch *]
Default value: 0.2 mm

@® Empirically, the contour error should be set 2 or 3 times larger than the secant error which is
1 defined when the NC program is generated in the CAM system.

The tool is not in contact with the workpiece in GO motions. As a result, the tolerance can be set sig-
nificantly larger than PATH_DEF without changing the precision of the workpiece.
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PATH_DEV_G00=..

TRACK_DEV=..

TRACK_DEV_G00-=..

Define maximum contour error for GO-GO transitions.

> 0.0: Maximum path deviation in [mm, inch *]

Default value: The value of PATH_DEV applies

Define the maximum orientation error.

>= 0.0: Maximum path deviation in [°]

Default value: 2 °

Define the maximum orientation error for GO-GO transitions.
>= (0.0: Maximum path deviation in [°]

Default value: The value of TRACK_DEV applies

@ Ifaball milling cutter is used, the value can be set significantly larger than PATH_DEV (e.g. 10

times).
1 The tool is not in contact with the workpiece in GO motions. As a result, the tolerance can be set sig-
nificantly larger than TRACK_DEV without influencing the precision of the workpiece.

MAX_ANGLE-=..

CHECK_JERK=..

AUTO_OFF_GO00-=..

CIR_MODE-=..

CIR_MIN_ANGLE-=..

Define the maximum contour knee angle in degrees for transitions between two
linear blocks up to which this method can be applied. If the angle between the two
linear blocks exceeds this limit, the mode is deselected internally.

>= (0.0: Maximum knee angle in [°]
Default value: 160 °

N20

N10

Jerk monitoring caused by curvature of the polynomial (cf. P-CHAN-00110). This
parameter overwrites the initial state defined in the channel parameter list by P-
CHAN-00110 (check_jerk_on_poly_path).

0: No jerk monitoring

1: Jerk monitoring based on the geometric ramp time P-AXIS-00199. This may
reduce path velocity.

2: Jerk monitoring based on the ramp times P-AXIS-00195, P-AXIS-00198 of the
non-linear velocity profile.

Automatic deselection of optimisation with GO0 blocks
0: No implicit deselection due to a rapid traverse block (default)
1: Implicit deselection due to a rapid traverse block

Define contouring of circular motions:

0: No contouring of circular motions G02/G03

1: Circular block contouring. (default)

2: Contour circular blocks and optimise long circular blocks
Available as of V3.1.3075.01

Define minimum circle angle
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CIR_MIN_RADIUS=..

MERGE-=..

LENGTH_LONG_CIR=

Valid values: >= 0.0 : Minimum circle angle in degrees

The minimum circle angle at which circular motions can be traversed by the method
using exact interpolation. Circular blocks with small swept angles are approximated
by a spline curve for faster processing. (Default value = 30°)

Define minimum circle radius
Valid values: >= 0.0 : Maximum circle radius in [mm, inch *]

The minimum circle radius defines the circle radius from which circular motions can
be traversed by the method using exact interpolation. Circular blocks with a small
radius or with the magnitude of PATH_DEYV are approximated by a spline curve.

Available as of V3.1.3075.01

Merge blocks. The maximum deviation is determined depending on the values
taken from PATH_DEV and TRACK _DEV.

0: No block merging (default)
1: Merge blocks

Minimum length of segments for long circular blocks when
CIR_MODE= 2 in [mm, inch *] is used

(default value= 2)

Available as of V3.1.3075.01

*when P-CHAN-00439 is active

Default values of free-form surface machining

PATH_DEV 0.2 mm (default value of PATH_DEV)

TRACK_DEV 2° (default value of TRACK_DEV)

PATH_DEV_G00 PATH_DEV

TRACK_DEV_G00 TRACK_DEV

CIR_MODE 1

MAX_ANGLE 160 °

CHECK_JERK The valid channel parameter is P-CHAN-00110
(check_jerk_on_poly_path, default value = 1)

AUTO_OFF_G00 0

CIR_MIN_ANGLE 30°

CIR_MIN_RADIUS 0.0

LENGTH_LONG_CIR |2 mm

@® The parameters may also be specified in several steps. For example, this means it is possible to
first define the maximum contour deviation ("PATH_DEV "). Then in a second command, jerk monit-

1 oring ("CHECK_JERK") and the selection of HSC surface interpolation ("ON") are defined.

® When #HSC[SURFACE] is used, it is recommended to also use #SLOPE[TYPE=HSC]

for path velocity preparation.

Parameterisation cannot be changed while smoothing is active.

One condition to use this function is that it should be parameterised in the start-up list for each channel in
which the function is to be used.
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BECKHOFF

Surface machining with Surface Optimiser

Example of a setting in the start-up list:configuration.channel[].path_preparation.function FCT_DEFAULT]|
FCT_SURFACE

N20 GO0 X0 YO z0 F10000
;Parametrisation + selection

N30 #HSC ON [SURFACE PATH DEV=0.02 CHECK JERK=0]

N40
N50
N60
N70
N80
NS0
N100
N110
N120
N130
N140
N150

N160 #HSC OFF

N170

Alternative programming:

X3
15
23
X25
X30
X50
X55
X58
X70
X77.
X90
X100

M30

Y25
Y15
Y12
Y25
Y35
Y37.5
Y32.5
Y12
Y12
Y10
Y35
Y37.5

N20 GOO XO YO0

N25 #HSC [SURFACE PATH DEV=0.02 CHECK JERK=0] ;Parameterisation
N30 #HSC ON ;Select

N40 X3 Y25

N50 15 Y15

N60 23 Y12

N70 X25 Y25

N80 X30 Y35

NS0 X50 Y37.5

N100 X55 Y325

N110 X58 Y12

N120 X70 Y12

N130 X77. Y10

N140 X90 Y35

N150 X100 Y37.5

N160 #HSC OFF

N170 M30
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2.3 Trimming a contour with B spline

Syntax:

#HSC [ON | OFF] [ BSPLINE [PATH_DEV=..] [TRACK_DEV=..] [MERGE=..] [AUTO_OFF_PATH=.]
[AUTO_OFF_TRACK=..][AUTO_OFF_G00=..] [AUTO_OFF_G60=..]
[MAX_PATH_LENGTH=..] [MAX_ANGLE=..]]]

ON Enable HSC programming.

OFF Disable HSC programming.

BSPLINE Keyword for HSC programming with BSPLINE. Must always be programmed as
first keyword.

PATH_DEV=.. Maximum deviation of B spline from programmed path contour in [mm, inch *]. The

spline is deselected automatically if this deviation is exceeded. If the maximum
deviation is defined as 0, path deviation is not monitored.

Default value: 0.2 mm
*when P-CHAN-00439 is active

TRACK_DEV-=.. Maximum deviation of tracking axes in [°]. If the maximum deviation is defined as 0,
tracking axes is not monitored.

Default value: 5 °

MERGE-=.. Merge blocks. The maximum deviation is determined depending on the values
taken from PATH_DEV and TRACK_DEV.

0: No block merging (default)

1: Merge blocks

AUTO_OFF_PATH=.. Automatic block separation if the programmed B spline deviation of the main axes is
exceeded (PATH_DEV).

0: No deselection if deviation is too large (default), block is separated

1: Deselect if deviation is too large

AUTO_OFF_TRACK-=.. Automatic block separation if the programmed B spline deviation of the tracking
axes is exceeded (TRACK_DEV).

0: No deselection if deviation is too large (default), block is separated
1: Deselect if deviation is too large

AUTO_OFF_GO00=.. Automatic deselection of B spline interpolation for GO0 blocks.
0: No implicit deselection due to rapid traverse block (default)

1: Implicit deselection due to a rapid traverse block

AUTO_OFF_G60=.. Automatic deselection of B Spline interpolation for programmed exact stop G60 or
G360.

0: No implicit deselection due to exact stop (default)

1: Implicit deselection due to exact stop

MAX_PATH_LENGTH Minimum path length of relevant blocks in [mm, inch *]. If blocks are longer than the
=.. specified length, the B Spline is deselected implicitly.

Default value: 0 mm (implicit deselection due to block length does not take place)
*when P-CHAN-00439 is active
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MAX_ANGLE-=.. Maximum contour knee angle in [°] for transitions between two linear blocks up to
which a B spline is inserted. The B Spline is deselected internally if the angle
between two linear blocks is greater.

Default value: 160 °

N20

N10

Control points are programmed with linear blocks (GO0 and G01). Their target points are used as control
points. It must be considered that only the start and end of the curve runs straight through the control points.

@® The parameters may also be specified in several steps. For example, this means that it is possible
to first define the maximum contour deviation ("PATH_DEV "). Then in a second command, the

1 maximum path length ("MAX_PATH_LENGTH ") and selection of B spline interpolation ("ON") are
defined.

Parameterisation cannot be changed while B spline interpolation is active.
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Trimming a contour

The spline curve is based on the control points N40 - N155 but in this case,

runs straight through them at N20 and N150.

N20 GOO X0 YO z0 F10000

N30 #HSC ON [BSPLINE PATH DEV=0.2 MERGE=1 ...] Parametrisation + selection
N40 X3 Y25

N50 X15 Y15

N60 X23 Y12

N70 X25 Y25

N80 X30 Y35

N90 X50 Y37.5
N100 X55 Y32.5
N110 X58 Y12

N120 X70 Y12

N130 X77. Y10

N140 X90 Y35

N150 X100 Y37.5
N160 #HSC OFF

N170 M30

... or also

N20 GO0 X0 YO z0 F10000
N25 #HSC [BSPLINE PATH DEV=0.2 MERGE=1 ...] Parameterisation
N30 #HSC ON Selection
N40 X3 Y25

N50 X15 Y15

N60 X23 Y12

N70 X25 Y25

N80 X30 Y35

N90 X50 Y37.5
N100 X55 Y32.5
N110 X58 Y12

N120 X70 Y12

N130 X77. Y10

N140 X90 Y35

N150 X100 Y37.5

N160 #HSC OFF Deselect

N170

M30

the spline curve only
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24 Profile generator (slope)

Generators with TRAPEZ or SIN2-shaped acceleration profiles are ideal for NC programs consisting of long
motion blocks that are suitable for #CONTOUR MODE methods. If required, very rigid machines can be
operated using STEP profiles.

The HSC profile generator is designed for NC programs consisting of several short blocks which are
smoothed using the HSC methods Surface and B spline; the generator distributes acceleration up-gradations
and down-gradations uniformly across several blocks, as shown in the figures below. The number of
buffered blocks in the profile generator can be set using P-STUP-00071. If the hardware permits, it is
recommended to optimise jerk utilisation using the NO OPT option zero [P 45] [PROG] or at start-up using
FCT_LOOK_AHEAD_OPT [MDS-CHAN].

feed [mm/s]

D ] i i i i i i i |
0 2 4 G B 10 12 14 16 18

Fig. 22: Feed and acceleration in programs consisting of long blocks

Blue: path velocity, red: maximum permissible path velocity
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Fig. 23: Feed and acceleration in programs consisting of several short blocks

Black: path velocity, red: path acceleration limit

241 Selecting operating mode (#SLOPE, #SLOPE DEFAULT)

@ As of Build V2.11.2010.02 the command #SLOPE [...] replaces the command #SET SLOPE PRO-
FIL [...]. For compatibility reasons, this command is still available but it recommended not to use it
1 in new NC programs.

Syntax:

#SLOPE [ TYPE=<ident>[ NO_OPT=..]]

TYPE<ident>

NO_OPT=..

Type of acceleration profile. Permitted identifiers:

STEP: Step-shaped acceleration profile, (default, linear profile)
TRAPEZ: Trapezoidal acceleration profile

SIN2: Square-sinusoidal acceleration profile

HSC: HSC slope, recommended for "Extended HSC programming
Switch the optimised use of jerk:

0: Optimised use of jerk is active. This reduces processing time but requires greater
computing resources. It must be checked whether the existing hardware is
adequate.

1: Optimised use of jerk is not active (default).

" %
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@ ~ The use of this feature for selecting the HSC slope profile type requires a licence for the "HSC” ex-
1 tension package. It is not included in the scope of the standard license.

@® The specific weighting adaptation of ramp time (G132/G133) and acceleration (G130/G131) is no
longer supported by the command #SLOPE [...]. Weightings always act on all ramp times and ac-

1 celerations (default).

Syntax:

#SLOPE DEFAULT

The programming of #SLOPE DEFAULT restores the initial state (as after start-up). This means that the
slope type is set from the channel parameter set P-CHAN-00071.

The initial state is produced at every program start and for every manual block.
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Select the operation mode

N10 GOl X50 Y10 z0O F1000 (step-shaped accel.profile, default)
N20 #SLOPE [TYPE=TRAPEZ] (trapezoidal accel.profile)

N30 X10 Y30

N40 #SLOPE [TYPE=SINZ2] (sinusoidal accel.profile)

N50 X15

N60 Y50

N70 M30

The following velocity curve results on the programmed path:

veh

EAVAVAL/E\E.

N10 N30 N50 NGO t

Fig. 24: Velocity curve depending on the programmed path.

24.2 Influence of dynamic characteristics

As required, axis-specific parameters can be adjusted to lower or higher values up to maximum permissible
acceleration. The path parameters calculated by the NC can also be adjusted by NC programming to lower
values. This avoids critical acceleration processes within the NC program that affect contour accuracy.
Examples of weighting axis accelerations and ramp times in the NC program:

N10 G130 X50 Y75 Z75
N20 G132 X75 Y75 Z75

N10: The axis acceleration used for the X axis is reduced to 50%, and for the Y and Z axes to 75%. N20:
The ramp time used for the X, Y, Z axes is reduced to 75%.

If all axes are to be weighted, the G functions G131 and G133 can also be used.

N10 G131 50
N20 G133 50

N10: The axis acceleration used for all axes is reduced to 50%.
N20: The ramp time used for all axes is reduced to 50%.

The path accelerations or velocities calculated by the look-ahead function can be limited by the commands
#VECTOR LIMIT ON [ACC..] and #VECTOR LIMIT ON [VEL..]. The limit values are then either explicitly
programmed or taken from the channel-specific list.

243 FAQ velocity fluctuations

Influencing factors

In general, machining speeds and, as a result, production times depend on the following factors:
 data throughput dependent on the cycle times of the processes in the NC controller
* motion path of motion blocks
» maximum velocities and accelerations of axes
* type of profile generator (slope)
 Path profile: curvatures and uniform distribution of programmed positions.
» Cartesian transformations in the tool coordinate system and kinematics
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Dynamics

In general, it can be said that high permissible accelerations and short ramp times have a favourable effect
on the maximum possible path velocity. A list of the dynamic parameters used by the CNC is provided in the

Parameters [P 57] section.

Data throughput

The following factors must also be checked to ensure that a programmed path velocity can be achieved:
* interpolator buffer size
* required number of blocks per cycle

The buffer size determines the braking distance and therefore the theoretically maximum achievable velocity.
The braking distance is generally longer with the non-linear slope function; therefore, a larger buffer and
more blocks per cycle are required here to achieve the same path velocity.

The number of blocks per cycle required after stabilisation can be estimated from the feed rate and the cycle
time. For example, at F=10 m/min and a cycle time of 5 ms per cycle, motion paths of at least 0.84 mm per
sampling interval are required.

These parameters are specified by the machine manufacturer and cannot be changed by the user.

Contour path and curvature

The parameters are specified by the CAD/CAM system based on the precision requirements for the
workpiece. A workpiece with a pronounced contour curvature generally results in relatively short motion
blocks and low velocity. If the contour curvature varies significantly, fluctuations in velocity are unavoidable
when the feed rate is set high for the path.

It is important that the path of the interpolation points is smooth, especially with short NC blocks. This means
that the fluctuation range of the relative motion paths of the individual axes referred to the motion path in
space of successive blocks should be as small as possible (scanned by the CAD/CAM system). Otherwise, it
is not possible to move at constant path velocity since the resulting curvatures and changes in curvature
cause the CNC to reduce path velocity.

A B spline allows a certain degree of smoothing of “noisy” interpolation points.

Nevertheless, the resulting path velocity profiles are not optimal and the axis velocities fluctuate significantly
depending on the motion components of the individual axes. In this case, it is recommended to use a
suitable smoothing algorithm in the CAD/CAM system.
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2.5 Filter programming (#¥FILTER)

® The availability of this function depends on the configuration and on the version
1 scope.

In order to achieve a high surface finish in free-form surface machining, any excitation of machine
oscillations must be avoided as far as possible.

FIR axis filters (Finite Impulse Response filters) provide the user with the option of smoothing the axis
command values for the drives to minimise excitations in the machine.

The precondition for using a FIR filter using the #FILTER command is a configured filter type (P-
AXIS-00586) of the corresponding axes.

® This function is an additional option requiring a license.

1

Syntax:

#FILTER [ON | OFF] [ORDER=.. ORDER_TIME-=.. SHARE=.. AX_DEV=.. FCUT=.. ACC_FACT=..
QUALITY=..]

ON Enable FIR filter.

OFF Disable FIR filter.

ORDER=.. Specify filter order

ORDER_TIME-=.. Specify filter order over time in [us]

SHARE-=.. Define the degree of effectiveness (analogous to P-AXIS-00590) of the filter in [%]

value range 0 — 100
default value = 100

AX_DEV=.. Specify the tolerance for tolerance monitoring in [mm, inch *].

Default value = 0 (no tolerance monitoring).
*with active P-CHAN-00439

FCUT=.. Specify the cut-off frequency (analogous to (P-AXIS-00585) of the filter in [Hz]
default value = 30
ACC_FACT=.. Increase the path velocity at block transitions with FIR filter enabled.

The greater the value setting, the less the velocity is reduced at the block transition.
This requires a valid setting of P-AXIS-00013 (a_trans_weight) for the axes.
Value range = 1.0 - 10.0

Default value =: 1.0

QUALITY=.. Specify the filter quality of the filter core curve
value range: 0 < QUALITY <=1
default value = 1.0

Parameter available as of V3.1.3075.04

® The #FILTER ON/OFF command enables or disables all the FIR filters of the axes in
1 the channel.

It is possible to use FIR filters on all axes. It is also possible to use different filters for each axis by axis-
specific configuration in the axis lists.

FIR filters can be globally enabled or disabled and reparameterised across all axes in the NC program during
machining (see Programming example).
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@® Tolerance monitoring can only be configured and activated in the NC program.

Tolerance monitoring is programmed by the parameter AX_DEV. It ensures that every axis remains within
the specified tolerance [mm, inch].

Tolerance monitoring always monitors all axes and therefore can only be controlled globally in the NC
program.

Tolerance monitoring in only active if AX_DEF was specified with a corresponding tolerance.
For further information see [FCT-C37//Description]
This command replaces the previously available #FILTER ON [HSC] command.
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2.6 Other HSC methods with Akima spline, OP1 and OP2

Besides the recommended standard methods, there are a number of other, e.g.
* interpolation with the Akima spline [PROG],
+ direct programming of B spline control points [PROG] using linear blocks and
+ older HSC functions using OP1 and OP2 [PROG].
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3 Applications with programming examples
The examples are based on the following dynamic characteristics and parameters:

a (G01) Max. Max. Ramp time

acceleration velocity

translatory axes 2000 mm/s2 6000 mm/s2 1000 mm/s 150 ms
rotary axes 2000 mm/s2 2000 mm/s2 120 mm/s 60 ms
Cycle time 4 ms
Slope profile type HSC

3.1 2.5D machining

3.11 Surface and 2.5D machining

Surface

The test program below approximates a circle of radius 80 mm using 64 interpolation points. In the first pass,
the spline function is disabled and the linear blocks are interpolated. In the second pass, the spline function
is enabled.The approach and departure blocks are programmed in such a way that the tool enters tangen-
tially into the scanned ideal circle contour.

%L uprg_secant
NO1l #AKIMA TRANS[START=TANGENTIAL END=TANGENTIAL]

NO1l P5 = 80 ( radius )

N02 P3 = 64 ( number of interpolation points )
NO3 P4 = 360/P3 ( angle gradations )

N04 GOl X-P5 F20

NO5 X0

NO6 G151 ( select spline )

NO7 $FOR Pl=1, P3, 1
NO8 P2=P1*P4 F20

NO9 X=P5*SIN[P2] Y=P5*[1.0-COS[P2]] ( calculate secant interpolation points )
N10 S$SENDFOR

N1l G150 ( deselect spline )

N12 XP5

M29

%L uprg cir

NO1l P5 = 80 ( radius )
NO02 GOl X-P5 YO F20

NO3 X0

NO04 GO3 JP5

NO5 GOl XP5

M29

$Main

N100 LL uprg_ secant
N200 LL uprg cir
M30
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Fig. 25: Path feed rate with interpolation of secant contour (64 interpolation points)

The feed rate fluctuates quite significantly since the non-linear slope reduces the velocity to 0 at the corners
of the linear blocks.
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Fig. 26: Path feed rate with spline curve interpolation (64 interpolation points)

When the spline function is used, the interpolation time within the approximated circle drops to about 1/10 of
the value for linear interpolation; the programmed feed rate is achieved.
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3.2 Example of five-axis machining

3.21 SURFACE and five-axis machining

Surface

In addition to motion in the x-y plane, the program below guides the tool of a 5-axis head perpendicularly to a
secant contour.

%L uprg secant
N010 #HSC ON[SURFACE PATH DEV 0.1]
N020 #SLOPE [TYPE=HSC]

N030 P5 = 80 ( radius )

N040 P3 = 64 ( number of interpolation points )
NO50 P4 = 360/P3 ( angle gradations )

N060 GO01 X-P5 F20

NO70 XO

N080 SFOR P1=1, P3, 1

N090 P2=P1*P4 F20

N100 X=P5*SIN[P2] Y=P5*[1.0-COS[P2]] C[-90+P2]
N110 S$ENDFOR

N120 XP5

N130 M29

$Main

N140 #KIN ID[9]
N150 #TRAFO ON

N160 A90 C-90

N170 LL uprg secant
N180 #TRAFO OFF
N190 M30
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Fig. 27: Path velocity with linear blocks and perpendicularly oriented tool

The feed rate fluctuates significantly due to the inconsistency of the rotary axis.
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Fig. 28: Path velocity with spline curve and perpendicularly oriented tool

When the spline function is enabled, the path velocity is constant. The programmed path velocity cannot be
reached due to the limited rotation speed of the orientation axis. In addition, since the motion part of the
rotary axis cannot change due to the constant contour curvature, the velocity level on the path can be kept

constant.
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A Parameter
4.1 Overview
General dynamic characteristics
ID Parameter Description
P-AXIS-00008 |a_max Maximum permissible axis acceleration
P-AXIS-00209 |vb_eilgang Rapid traverse velocity
P-AXIS-00212 |vb_max Maximum permissible axis velocity
Characteristics and control flags for non-linear slope function
ID Parameter Description
P-AXIS-00001 |a_beschl a on acceleration
P-AXIS-00002 |a brems a on deceleration
P-AXIS-00004 |a grenz Rapid traverse acceleration
P-AXIS-00013 |a_trans_weight Weighting of acceleration at block transition
P-AXIS-00154 |r_trans_weight Weighting of jerk at block transition
P-AXIS-00195 |ir beschl _ab Ramp time for acceleration down-gradation
P-AXIS-00196 |tr_beschl _zu Ramp time for acceleration up-gradation
P-AXIS-00197 |tr_brems_ab Ramp time for deceleration down-gradation
P-AXIS-00198 |tr brems_zu Ramp time for deceleration up-gradation
P-AXIS-00199 |ir_geom Ramp time for curved contours
P-AXIS-00200 |tr_grenz Rapid traverse ramp time
ID Parameter Description
P-CHAN-00009 |corr v _trans_jerk Enable jerk limitation at tangential block transitions
Characteristics for linear slope function
ID Parameter Description
P-AXIS-00005 |a_grenz_stufe 1 Rapid traverse acceleration step 1
P-AXIS-00006 |a_grenz_stufe 2 Rapid traverse acceleration step 2
P-AXIS-00011 |a_stufe 1 Acceleration step 1
P-AXIS-00012 |a_stufe 2 Acceleration step 2
P-AXIS-00211 |vb_grenz_stufe_ 1 2 |Rapid traverse changeover speed step 1 -> step 2
P-AXIS-00221 |vb_stufe 1 2 Changeover speed step 1 -> step 2
Pre-assignment of path-specific characteristics (option)
The following parameters are effective in conjunction with path-specific commands.
ID Parameter Description
P-CHAN-00002 |acceleration Maximum permissible acceleration in space
P-CHAN-00090 |velocity Maximum permissible velocity in space
Effect of override
ID Parameter Description
P-CHAN-00066 |override weight prog_ |Control flag for influence of override

feed
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Default assignment of acceleration profile

ID

Parameter Description

P-CHAN-00071

profile Slope type

0: Step-shaped acceleration profile (default)
1: Trapezoidal acceleration profile

2: Sine-square acceleration profile

3: Trapezoidal HSC acceleration profile

Polynomials on internal B spline deselection

ID Parameter Description

P-CHAN-00239 |hsc.bspline.auto_conto |Automatic insertion of polynomials on internal B spline
ur_mode deselection

Enabling functionalities at start-up

ID Parameter Description

P-CHAN-00605

configuration.path_pre |Conditional enable of the functionalities

paration.fct_enable

4.2 Description

4.2.1 Axis parameters

P-AXIS-00001 Acceleration at machining feed (non-linear slope)

Description The parameter represents the axis acceleration with increasing velocity.

Parameter getriebeli].slope_profil.a_beschl

Data type UNS32

Data range 1 < a_beschl £ P-AXIS-00008

Axis types T,R

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types ---

Remarks The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in [PROG//G130/G131] in greater detail.

P-AXIS-00002 Deceleration at machining feed (non-linear slope)

Description The parameter represents the axis deceleration with decreasing velocity.

Parameter getriebeli].slope_profil.a_brems

Data type UNS32

Data range 1 <a_brems < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types

Remarks The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in [PROG//G130/G131] in greater detail.

P-AXIS-00004 |Acceleration at rapid movement (non-linear slope)
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Description This acceleration parameter is active for deceleration and acceleration with rapid
traverse movements (G00).

Parameter getriebeli].slope_profil.a_grenz

Data type UNS32

Data range 1 <a_grenz < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types

Remarks The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in [PROG//G231] in greater detail.

P-AXIS-00005 Acceleration of step 1 in rapid mode (linear slope)

Description The parameter defines the step 1 rapid traverse acceleration (G00). For positioning
in rapid traverse (G00), ramps are often chosen steeper than for the linear and
circular interpolation (G01, G02, G03).

Parameter getriebeli].Islope_profil.a_grenz_stufe_1

Data type UNS32

Data range 1 <a_grenz_stufe_1 < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types ---

Remarks This limit acceleration is generally set close to the current limit to achieve fast
positioning and fast deceleration values.

The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in [PROG//G231] in greater detail.

P-AXIS-00006 Acceleration of step 2 in rapid mode (linear slope)

Description The parameter defines the step 2 rapid traverse acceleration (G00). For positioning
in rapid traverse (G00), ramps are often chosen steeper than for the linear and
circular interpolation (G01, G02, G03).

Parameter getriebeli].Islope_profil.a_grenz_stufe_2

Data type UNS32

Data range 1 < a_grenz_stufe 2 < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types ---

Remarks This limit acceleration is generally set close to the current limit to achieve fast
positioning and fast deceleration values.

The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in [PROG//G231] in greater detail.

P-AXIS-00008 Maximum permissible axis acceleration

Description The parameter defines the maximum permissible axis acceleration.

Parameter getriebe[il.dynamik.a_max

Data type UNS32

Data range 1 <a_max < 100000000 (Presetting of maximum axis acceleration,
plausibility limit, application-specific)

Axis types TR, S
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Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types

Remarks

P-AXIS-00011 Acceleration of step 1 (linear slope)

Description The parameter only becomes active during the deceleration phases. It defines the
acceleration in step 1.

Parameter getriebe]i].Islope_profil.a_stufe_1

Data type UNS32

Data range 1 < a_stufe_1 < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R: °/s?

Default value 1000

Drive types

Remarks The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in detail in [PROG//G130, G131].
This parameter has no effect with spindles.

P-AXIS-00012 Acceleration of step 2 (linear slope)

Description The parameter only becomes active during the deceleration phases. It defines the
acceleration in step 2.

Parameter getriebeli].Islope_profil.a_stufe_2

Data type UNS32

Data range 1< a_stufe_2 < P-AXIS-00008

Axis types T,R,S

Dimension T: mm/s? R,S: °/s?

Default value 1000

Drive types

Remarks The acceleration ramps can be changed in the NC program. The appropriate NC
commands are described in detail in [PROG//G130, G131] in greater detail.

P-AXIS-00013 Weighting of acceleration at motion block transition

Description This parameter weights the permissible acceleration at a motion block transition.
If the value 0 is not specified in the parameter list, the weighting of the permissible
acceleration with the cycle time/ramp time factor is valid (default setting).

Parameter getriebe[il.dynamik.a_trans_weight

Data type UNS32

Data range 1 < a_trans_weight < 1000

Axis types T,R,S

Dimension T:0.1% R,S: 0.1%

Default value 0

Drive types

Remarks This parameter is only considered if the non-linear slope is used as soon as the
contour has a kink angle. To define the slope type, see
» P-CHAN-00071 [r 66]
» program command #SLOPE [ TYPE [» 45]=...]

P-AXIS-00154 |Weighting of jerk at block transition
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Description At the block transition from linear to circular block or vice versa, a jump in
acceleration occurs, even if there is a tangential transition.
The parameter weights the permissible jerk at these types of movement transitions.
Jerk is only considered if P-CHAN-00009 [» 65] is set.
If P-AXIS-00154 is not set in the parameter list, the velocity is reduced to such an
extent that the permissible jerk at the block transition is maintained.

Parameter getriebe[il.dynamik.r_trans_weight

Data type UNS32

Data range 0 = r_trans_weight < 1000

Axis types T,R,S

Dimension T:0.1% R,S:0.1%

Default value 1000

Drive types -—--

Remarks This parameter is only considered if the non-linear slope is used and for circular -
linear, circular - circular or linear - circular transitions.
To define the slope type, see
+ P-CHAN-00071 [r 66]
» program command #SLOPE [ TYPE [» 45]=...]

P-AXIS-00195 Ramp time for acceleration down-gradation (non-linear slope)

Description The parameter defines the acceleration ramp time for the down-gradation of
acceleration P-AXIS-00001.

Parameter getriebeli].slope_profil.tr_beschl_ab

Data type UNS32

Data range P-AXIS-00201 < tr_beschl_ab < MAX(UNS32)

Axis types T,R,S

Dimension T: us ‘R,S: us

Default value 50000

drive types.

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in [PROG//Ramp time weighting (G132/G133/G134/G232/G233/
G338/G339) ] in greater detail.

P-AXIS-00196 Ramp time for acceleration up-gradation (non-linear slope)

Description The parameter defines the acceleration ramp time for the up-gradation of the
acceleration P-AXIS-00001.

Parameter getriebel[i].slope_profil.tr_beschl_zu

Data type UNS32

Data range P-AXIS-00201 < tr_beschl_zu < MAX(UNS32)

Axis types T,R,S

Dimension T: us ‘R,S: V&

Default value 50000

drive types. -—--

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in [PROG//Ramp time weighting (G132/G133/G134/G232/G233/
G338/G339) ] in greater detail. The default value for ramp time weighting can be
defined in P-CHAN-00073.

P-AXIS-00197 Ramp time for deceleration down-gradation (non-linear slope)

Description The parameter defines the acceleration ramp time for the down-gradation of
deceleration P-AXIS-00002.
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Parameter getriebe[i].slope_profil.tr_brems_ab

Data type UNS32

Data range P-AXIS-00201 < tr_brems_ab < MAX(UNS32)

Axis types T,R,S

Dimension T: ys ‘R,S: us

Default value 50000

drive types. ———-

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in [PROG//Ramp time weighting (G132/G133/G134/G232/G233/
G338/G339) ] in greater detail.

P-AXIS-00198 Ramp time for deceleration up-gradation (non-linear slope)

Description The parameter defines the acceleration ramp time for the up-gradation of
deceleration P-AXIS-00002.

Parameter getriebel[i].slope_profil.tr_brems_zu

Data type UNS32

Data range P-AXIS-00201 < tr_brems_zu < MAX(UNS32)

Axis types T,R,S

Dimension T: us \R,S: us

Default value 50000

drive types.

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in [PROG//Ramp time weighting (G132/G133/G134/G232/G233/
G338/G339) ] in greater detail.

P-AXIS-00199 Geometric ramp time

Description The parameter defines the permissible geometric ramp time. This parameter limits
axis jerk caused by the programmed contour.

Parameter getriebe[il.dynamik.tr_geom

Data type UNS32

Data range 0 (Preset of minimum ramp time, application-specific) < tr_geom £ MAX(UNS32)

Axis types T,R,S

Dimension T: ys ‘R,S: us

Default value 10000

drive types.

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in [PROG//Ramp time weighting (G132/G133/G134/G232/G233/
G338/G339)] in greater detail.

P-AXIS-00200 Ramp time at rapid movement (non-linear slope)

Description The ramp time parameter is active with rapid traverse motions (G00) for acceleration
and deceleration. In this case it replaces the 2 ramp times for acceleration (P-
AXIS-00195, P-AXIS-00196) or the 2 ramp times for deceleration (P-AXIS-00197, P-
AXIS-00198).

Parameter getriebel[i].slope_profil.tr_grenz

Data type UNS32

Data range P-AX1S-00201 < tr_grenz < MAX(UNS32)

Axis types T,R,S

Dimension T: us ‘R,S: us

Default value 10000

Drive types -—--

62 Version: 2.0 TF5250 | TwinCAT 3 CNC

HSC Pack




BECKHOFF

Parameter

Remarks The ramp time can be changed in the NC program. The appropriate NC commands
are described in detail in [PROG//G232/G233].

P-AXIS-00209 Rapid mode velocity

Description The rapid traverse velocity is specified for positioning in rapid traverse (G00).

Parameter getriebe[i].vb_eilgang

Data type UNS32

Data range 1 < vb_eilgang < P-AXIS-00212

Axis types T,R,S

Dimension T: um/s R,S: 0.001°/s

Default value 166666

Drive types -—--

Remarks

P-AXIS-00211 Changeover speed in rapid mode (linear slope)

Description For positioning in rapid traverse (G00), ramps are often chosen steeper than for the
linear and circular interpolation (G01, G02, G03).
The parameter defines the acceleration and deceleration phases for these cases. It
defines the changeover speed between step 1 and step 2 (P-AXIS-00005 and P-
AXIS-00006 orP-AXIS-00281 and P-AXIS-00280).

Parameter getriebe]i].Islope_profil.vb_grenz_stufe 1 2

Data type UNS32

Data range 1 <vb_grenz_stufe_1_2 < P-AXIS-00212

Axis types T,R,S

Dimension T: um/s R,S: 0.001°/s

Default value 100000

Drive types

Remarks

P-AXIS-00212 Maximum permissible axis velocity

Description The parameter defines the maximum permissible axis velocity.

Parameter getriebe[il.dynamik.vb_max

Data type UNS32

Data range 1 <hb_v_max_track < 2000000000 (Presetting of maximum axis velocity,
plausibility limit, application-specific)

Axis types T,R,S

Dimension T: um/s ‘R,S: 0,001°/s

Default value 200000

Drive types
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Remarks In the case of axes of the type '"ACHSTYP_TRANSLATOR' and
'ACHSTYP_ROTATOR' it is presumed that while setting the maximum permissible
axis velocity the resolution limits of the measuring system will also be taken into
consideration.

In the case of axes of the type 'ACHSTYP_SPINDEL' which are controlled by a
spindle interpolator, the limit at which the measuring system delivers no valid values
is set using the parameter P-AXIS-00220 .

Examples:

Spindle speed at 10000 rpm

value = 10000 * 6 * 1000 = 60000000 (unit 0.001 °/s)
With units

(10000 [rpm] * 360 [*/rev] * 1000 [0.001 °/°]) / 60 [s/min]
= 60000000 [0.001 °/s]

Translator at 1000 mm/min
value = 1000 * 1000 / 60 = 16666 (unit 0.001 pm/s)
With units

(1000 [rpm] * 1000 [0.001 pym/mm]) / 60 [s/min]
= 16666 [0.001 pm/s]

P-AXIS-00221 Changeover speed (linear slope)

Description The parameter becomes active during the acceleration and deceleration phases.

It defines the changeover speed between step 1 and step 2 (P-AXIS-00011 and P-
AXIS-00012 or P-AXIS-00283 and P-AXIS-00282).

Parameter getriebeli].Islope_profil.vb_stufe_1_2

Data type UNS32

Data range 1<vb_stufe 1 2 < P-AXIS-00212

Axis types T,R,S

Dimension T: um/s R,S: 0.001°/s

Default value 100000

Drive types -——-

Remarks
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4.2.2 Channel parameters

P-CHAN-00002 |Path acceleration limit

Description If no change is made to the parameter values by NC programming, this value limits path
acceleration after it is activated in the NC program.

Parameter vector.acceleration

Data type REALG4

Data range 0 ... Maximum acceleration, application-specific

Dimension mm/min? or mm/s? *

Default value 100000000

Remarks * The dimension used depends on P-CHAN-00351.

Parameterisation example:

vector.acceleration 1800000

The specified default value is in mm/minZ.

P-CHAN-00009

Reduction of tangential transition velocity between circles

Description Tangential block transitions between circles with different radii and circles and linear
blocks and vice versa lead to a jerk depending on circle radius. A jerk produced by
activating this function can be reduced in order to reduce the excitation of vibrations on
the machine when non-linear velocity profiles are active. At tangential block transitions,
the speed is reduced dependent on the permissible jerk. The calculation is based on axis-
specific jerk parameters for non-linear speed profiles (see also [AXIS] documentation).
On the other hand, the reduction of speed at tangential block transitions is not acceptable
with specific machining technologies since the machining process has a very sensitive
reaction to a reduction in velocity.

Parameter corr_v_trans_jerk

Data type BOOLEAN

Data range 0: No inclusion of jerk at tangential block transitions.

1: Inclusion of jerk at tangential block transitions.

Dimension -

Default value 0

Remarks

P-CHAN-00066

Influence of override on feed

Description

This parameter defines how feed is calculated in conjunction with path feed override.

This means, for example, the parameter sets whether the override bandwidth is applied to
the programmed feed or to the minimum programmed feed and the maximum permissible
feed in the block (v,,.).- The CNC calculates the feed based on the permissible axis
dynamics.

The following velocities have an influence:

Voax Calculated maximum velocity of the CNC with no consideration given to reduced
velocity

V.- Calculated reduced velocity of the CNC, taken from vb_max_red (P-AXIS-00214) of
the axes

v

orog- Programmed velocity of the operator (F word)

Value 0 for P-CHAN-00066:
V = MIN (Vpoq,Vinax) * Override

If this parameter is set to 0, a change of override always leads to a change of velocity in
the machine (linear correlation).

Value 1 for P-CHAN-00066:

v =MIN (v

orog. Override, Vi)
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If this parameter is set to 1, the override always refers to the programmed feed. If the
maximum feed in the block is smaller than the programmed feed multiplied by the current
override, the current path feed is not changed when there is a change in override.

Value 2 for P-CHAN-00066:

Calculation is executed

« as for the value 0 provided there are no active functions that reduce velocity. For
example, REDUCED_SPEED, REDUCED_SPEED_ZONE,
IPO_ACTIVATE_TCP_VEL_LIMIT

« as for the value 1 provided there are no active functions that reduce velocity

If velocity drops are not desired for technological reasons, this parameter must be set to

1.

Parameter override_weight_prog_feed

Data type UNS16

Data range 0: Change in override causes a change of velocity.

1: An override change only causes a velocity change if the programmed
feed * override < maximum permissible velocity in the block
2: Override effect in conjunction with reduced velocity (available as of Build V3.1.3079.42)

Dimension -

Default value 0

Remarks Example of values:

Viaee  50m/min
Vorog:  80m/min
Vieq:  5m/min

Override: 50%

P-CHAN-00066=0
a) active reduced velocity v, = 2.5m/min
b) inactive reduced velocity v, = 25m/min

P-CHAN-00066=1
a) active reduced velocity v, = 5m/min
b) inactive reduced velocity v, = 40m/min

P-CHAN-00066=2
a) active reduced velocity v, = 5m/min
b) inactive reduced velocity v, = 25m/min

P-CHAN-00071

Default acceleration profile at program start

Description Default value for the selected acceleration profile type with path motions and oscillating
axis motions.
Parameter prog_start.slope.profile
Data type SGN16
Data range 0: Step-shaped acceleration profile, (default, linear profile)
1: Trapezoidal acceleration profile
2: Sine-square acceleration profile
3: Trapezoidal HSC acceleration profile (across blocks)
Dimension -

Default value

0
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Remarks

The acceleration profile and the associated acceleration and ramp time weighting can be
programmed in the NC program with the #SLOPE [TYPE..] command [PROG [» 45]].

The maximum of the weighted ramp times P-AXIS-00195 is always effective with the
trapezoidal HSC acceleration profile. P-AXIS-00198.

For every independent axis, the acceleration profile can also be programmed specifically
in the NC command with the key word SLOPE_TYPE [PROG [»_45]].

P-CHAN-00090

Path velocity limit

Description If no change is made to the parameter values by NC programming, this value limits path
velocity after it is activated in the NC program.

Parameter vector.velocity

Data type REALG4

Data range 0 ... Maximum acceleration, application-specific

Dimension mm/min

Default value 2000000000

Remarks Parameterisation example:

vector.velocity 1500

P-CHAN-00239

Automatic insertion of polynomials on internal B spline deselection

Description

This parameter automatically selects polynomial contouring (G261, #CONTOUR
MODE [...]) when the B spline is deselected internally. The B spline #HSC[BSPLINE
PATH_DEV=X TRACK_DEV=Y] then adopts the following parameters for
polynomial contouring:

#CONTOUR MODE]
DEV
PATH_DEV=X
TRACK_DEV=Y
RELEVANT_PATH=X
RELEVANT_TRACK=Y ]

The exact response of the parameters is described in[PROG//section Polynomial
contouring (G260/G261)].

Parameter

hsc.bspline.auto_contour_mode

Data type

UNS32

Data range

0: Deactivated (default)
1: General insertion of smoothing polynomial if B spline is internally deselected.

2: Insert smoothing polynomial on linear-circular, circular-circular and circular-linear
transitions (recommended mode).

Dimension

Default value

0

Remarks

P-CHAN-00605

Conditional enable of the functionalities

Description This parameter can be used to configure functions of the CNC that are activated in
the channel depending on the program start mode.
Several settings can be predefined for activation as soon as an NC program is started
in the machining mode listed under the condition P-CHAN-00606 .

Parameter configuration.path_preparation.fct_enable[<idx>] where idx 0, 1

Data type STRING

Data range See Path preparation function table

Dimension -

Default value

FCT_DEFAULT
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Remarks Parameter is available as of the following Builds: V2.11.2040.04 ; V2.11.2810.02 ;
V3.1.3079.17 ; V3.1.3107.10

If no individual machining mode is set at the start of the program, this corresponds to
the setting ISG_STANDARD.

The default settings under index 0 ("fct_enable[0]") are used.

For reasons of backward compatibility, P-CHAN-00605 "fct_enable[0]" corresponds to
the previous parameter "function" P-CHAN-00600.

Both notations or parameters can be used alternatively.
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5 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast
and competent assistance with all questions related to Beckhoff products and system solutions.

Download finder

Our download finder contains all the files that we offer you for downloading. You will find application reports,
technical documentation, technical drawings, configuration files and much more.

The downloads are available in various formats.

Beckhoff's branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff
products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on our internet
page: www.beckhoff.com

You will also find further documentation for Beckhoff components there.

Beckhoff Support

Support offers you comprehensive technical assistance, helping you not only with the application of
individual Beckhoff products, but also with other, wide-ranging services:

* support

+ design, programming and commissioning of complex automation systems

» and extensive training program for Beckhoff system components

Hotline: +49 5246 963-157
e-mail: support@beckhoff.com
Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:
* on-site service
* repair service
* spare parts service
 hotline service

Hotline: +49 5246 963-460
e-mail: service@beckhoff.com
Beckhoff Headquarters

Beckhoff Automation GmbH & Co. KG

Huelshorstweg 20

33415 Verl

Germany

Phone: +49 5246 963-0

e-mail: info@beckhoff.com

web: www.beckhoff.com
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