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Allgn the Plane MW M-TS/ Jan 2018

Exercise
m Workpiece must be reworked
m Workpiece should also be aligned to a plane

Solution 1
m PROBING PL (manual operation)
m Machine with two rotary axes
m 3-D touch probe or mechanical touch probe

Solution 2
m Probing Cycle 431
m Machine with two rotary axes
m 3-D touch probe
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Aligning a Plane
Manual Operation
TNC 620/640




!—Q Align Plane with Probing Function MW M-TS Jan 2018

Used for:
m Inserting a touch probe
m Manual Operation
m Probing functions
m Probing PL (PL = plane)
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‘vﬁ Align Plane with Probing Function MW M-TS Jan 2018

Arrangement of measured points

m Point 1 - Point 2
Alignment in positive X axis

m Point 3
Alignment in positive Y axis

Note:

Point 3 must be above points 1 and 2,
otherwise the alignment is not correct.
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Align Plane with Probing Function

MW M-TS/ Jan 2018
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S Align Plane with Manual Probing Function MW M-TS/ Jan 2018
Weael seeeion

Align Surface L@ 10 Machine guard is open !
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Machining with 3-D Basic Rotation

 With Three Axes

 Tilted machining with
PLANE SPATIAL

* From 3+1 Inclined Machining up to
5 Axes Simultaneously

HEIDENHAIN




!—Q Workpiece — Application MW M-TS/ Jan 2018

Continued machining of workpiece
®m Inclination:
m SPA:-0.9861°
m SPB: +5.1200°

m SPC: +0.0000°
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Programming:

m With PLANE SPATIAL SPA+0 SPB+0 SPC+0
you tilt the tool until it is perpendicular to the
aligned surface

m Now you can program the machining as usual,
with 3-axis operations

- Please note that after every TOOL CALL,
the tool has to be tilted again with PLANE
SPATIAL.

- You can reset the 3-D basic rotation with
M143.

3-axis Machining

MW M-TS/ Jan 2018

BJrrogramming e

aProgram run, full sequence
+ Program run full sequence

TNC:\nc_prog\Webinar\01_3-Axis.H
=01_3-Axis.H

0 BEGIN PGM 01_3-AXIS MM

1 TOOL CALL 2B Z S8000 F1000

2 L X425 Ye50 Ze50 RO FMAX

3

4

5 PLANE SPATIAL SPA+0 SPB+0 SPC+D MOVE DIST25
FMAX

f sop

7

8

9 PLANE RESET MOVE DIST25 FMAX

10 END PGM 01_3-AXIS MM

[ ]
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Machining correct



3+2-axis MaChining MW M-TS/ Jan 2018

mm aProgram run, full sequence BiProgramming gl
Prog ra. I n g . + Program run full sequence

TNC:\nc_prog\Webinar\02 PLANE.H
-02_PLANE.H

0 BEGIN PGM 02 _PLANE MM
1 TOOL CALL 2B Z S6000 F1000

m With PLANE SPATIAL SPA+0 SPB+0 SPC+0 . ™ ™ "™

you tilt the tool until it is perpendicular to the e ——
aligned surface :

9 PLANE RESET MOVE DIST25 FMAX
10 END PGM 02_PLANE MM

m Now you can program the machining as usual,
with 3+2-axis operations with all tilting
functions (except PLANE AXIAL) T

+37.0/ s -39.889

+50.4 9 [l +358.913

- Please note that instead of PLANE RESET, - 5. 49) ExCE

PLANE SPATIAL SPA+0 SPB+0 SPC+0 has ™ % =B _tme w00

MANUAL Q INTERNAL

to be programmed in order to return to the
tilted alignment.
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Machining correct



3+2-axis MaChining — PLANE AXIAL MW M-TS/ Jan 2018

aProgram run, full sequence
+ Program run full sequence

Programming:

TNC:\nc_progiWebinar\0d PLANE AXIAL.H
=03 _PLANE_AXIAL.H
10 BEGIN PGM 03_PLANE_AXIAL WH

|
‘I TOOL CALL 2B Z S6000 F1000
2 L Xe25 Ye50 Z+50 RO FMAX

m With PLANE SPATIAL SPA+0 SPB+0 SPC+0

5 PLANE AXIAL B-45 MOVE DIST25 FMAX

you tilt the tool until it is perpendicular to the

8
|
|9 PLANE RESET MOVE DIST25 FMAX

aligned Surface 10 END PGM 03_PLANE_AXIAL MM

m The definition with PLANE AXIAL ignores the
3-D basic rotation

15 et
e +50.. 1 —
| i BN
|
| Mode: mOML. 1: WS T 28 ovr 100% Ao
MANUAL 2 o INTERNAL
| <3 | PARAMETER | |
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!—Q From 3+1 Inclined Machining up to 5 Axes Simultaneously MW M-TS/ Jan 2018

Programming:

m Activate M128 (Tool Center Point Management)

m Position the tool to 45° in the B axis:
L B+45 RO

m The combination of
m 3-D basic rotation
m M128
m L
generates an incorrect result.

aProgram run, full sequence
+ Program run full sequence

TNC:\nc_prog\Webinaz\04 L-M128.h
=04 _L-M128.h

|0 BEGIN PGM 04 _L-M128 MM

‘I TOOL CALL 2B Z S6000 F1000

L Xe60 Ye20 Z+15 RO FMAX

mas
i L B+45 RO FMAX
7 __STOP

10 M129
11 PLANE RESET MOVE DIST15 FMAX
12 END PGM 04_L-M128 MM

i % X [Ne]
| 1% ¥ [Nn]
e +45.000 " d
%-.!_ H +20. 0\ +0.000 — 5
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|
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!—Q From 3+1 Inclined Machining up to 5 Axes Simultaneously MW M-TS/ Jan 2018

Programming:

m Activate M128 (Tool Center Point Management)

m Position the tool to 45° in the B axis:
LN TX+1 TY+0 TZ+1

m The combination of
m 3-D basic rotation
m M128
m LN
generates the correct result.

aProgram run, full sequence BiProgramming By
+ Program run full sequence :

TNC:\nc_prog\Webinar\04 _LN-M128.h
=04 _LN-M128.1

0 BEGIN PGM 04 LN-M128 MM

1 TOOL CALL 28 Z S6000 F1000

2 L X460 Ye20 Z+15 RO FMAX

3

4

5 M2e

6 LN X+60 Y+20 Z#15 NXeO NYeD NZ«D TX+1 TY+0
TZ+1 RO FMAX

8

9

10 Mm129

11 PLANE RESET MOVE DIST1S5 FMAX

12 END PGH 04_LN-M128 MM

e +60.0/ 0 Cl +50.128
& +20.0 o Gl +0.909 R
ENE
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Q
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Machining correct



!—Q From 3+1 Inclined Machining up to 5 Axes Simultaneously MW M-TS/ Jan 2018

Programming:

m Activate TCPM (Tool Center Point

Management) with AXIS SPAT (spatial angles)

m Position the tool to 45° in the B axis:
L B+45 RO

m The combination of
m 3-D basic rotation
m TCPM ... AXIS SPAT ...
L
generates the correct result.

aProgram run, full sequence BIrrogramming LR
+ Program run full sequence :

TNC:\nc_prog\Webinar\05_L-TCPM-AXIS_SPAT.h
=05_L-TCPH-AXIS_SPAT.h

0 BEGIN PGM 05_L-TCPM-AXIS SPAT MM
1 TOOL CALL 2B Z S6000 F1000

2 L Xe60 Ye20 Z+15 RO FMAX

3

4
5 FUNCTION TGPM F TCP AXIS SPAT PATHCTRL AXIS
6 L Bed5 RD FMAX

8

|

10 M129

11 PLANE RESET MOVE DIST15 FMAX
12 END PGM 05_L-TCPM-AXIS_SPAT MM

e +60.0/ 0 Cl +50.128
& +20.0 o Gl +0.909 £
K BN

QOO0

Mode: NWOML. |1: WS T 28 S bu. F_Ommi~ ovr 100% M 5/9 =
Q
MANUAL ] INTERNAL
PARAMETER
TRAVERSE LIST INFO sTOP

Machining correct
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Aligning a Plane
Program Run

Single Block/Full Sequence




Measure Plane with Probing Cycle 431

Probing Cycle 431
m Three points are measured
m X coordinate
m Y coordinate
m Z coordinate

m The spatial angles of the plane are calculated
from the measured points and saved in
Q parameters:

m Q170 - spatial angle in A
m Q171 - spatial angle in B
m Q172 - spatial angle in C

m Q158 - Projection angle of the A axis
m Q1589 - Projection angle of the B axis

Note:

The sequence of the measured points influences

the angles

Manual operation al?rogramrning
. Programming

TNC:\nc_prog'\demo\Webinazr\Ausrichten.h
=1st measuring point in 2nd axis?
0 BEGIN PGM AUSRICHTEN MM

1 * - TASTER

2 TOOL CALL "TOUCH PROBE" 2

j__* - Flaeche messen
TCH PROBE 431 MEASURE PLAN
0263-+10 ;18T POINT 15T AXIS
0264=+10 1ST POINT 2ND AXIS
0294=40 1ST POINT 3RD AXIS
Q265430 2ND PNT IN 15T AXIS
0266:+10 12ND PNT IN 2ND AXIS
Q295=+0 0 PNT IN
0296=420 JRD PNT IN 15T AXIS
0297=420 IRD PNT IN 2ND AXIS i
02981+ IR0 PNT IN 3RD AXIS
0320410 SET-UP CLEARANC
0260=+30 i CLE {CE HEIGHT
0281=+2 {INC

* - Werkzeug senkrecht zur Flaeche schwenken

i . Winkel Bauteilkante X+ messen
8 TCH PROBE 420 MEASURE ANGLE ]
0263=410  ;1ST POINT 1ST AXIS Q264

0264=40 IST POINT 2ND AXIS ' »

0265430 ZND PNT IN 1ST AXIS
0266=+0 |/ 2ND AXIS
0272=+2
0267=41
0261=-5

03205410
0260430
0301=+0
0281=42

Q158

Qi70

MW M-TS/ Jan 2018

08:18

Q159

Q171 Qi7z2




Measure Plane with Probing Cycle 431 MW M-TS/ Jan 2018

Arrangement of measured points

m Point 1 - Point 2
Alignment in positive X axis

m Point 3
Alignment in positive Y axis

Note:

Point 3 must be above points 1 and 2,
otherwise the alignment is not correct.




!—B Measure Plane with Probing Cycle 431 MW M-TS/ Jan 2018

Tilting the tool

m The tool is tilted with
m PLANE SPATIAL
m CYCLE 19
m PLANE PROJECTED

PLANE SPATIAL SPA+Q170 SPB+Q171 SPC+Q172 MOVE DISTO FMAX

or

PLANE PROJECTED PROPR+Q158 PROMIN+Q159 ROTO MOVE DISTO FMAX
or

Cycle 19 A+Q170 B+Q171 C+Q172 &

L A+Q120 B+Q121 C+Q122 RO FMAX

—> Tool is positioned vertically on the plane to be machined
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Alignment of X Axis
Parallel to
the Component Edge




!—Q Alignment of X Axis Parallel to the Component Edge MW M-TS/ Jan 2018

Exercise

m After having aligned the plane, align the X axis
parallel to the edge of the component

Why?
m Depending on the positioning of points 1 and 2,

the positive X axis might not be parallel to the
component edge

Solution
m Probing Cycle 420
m Machine with two rotary axes
m 3-D touch probe




Alignment of X Axis Parallel to the Component Edge

. #]Manual operation rogrammin
Probing Cycle 420 o LR

TNC:\nc_prog'\demo\Webinazr\Ausrichten.h

B The angle of the component edge is measured = mriree

AXIS
0296=+20 JRD PNT IN 1ST AXIS
AXIS

and saved in Parameter Q150 Srocto, ot 1 o M

0320=+10 CLEARANCE

0260-+30 ICE HEIGHT

m The measured angle must be added to the e oo

Werkzeug senkrecht zur Flaeche schwenken
6 PLANE SPATIAL SPA+Q170 SPB+Q171 SPC+Q172 MOV

existing tilting: s - L P

TCH PROBE 420 MEASURE ANGLE

e
PLANE RELATIV SPC+Q150 MOVE DISTO FMAX B s,
Remanently saving parameters 10 LN RELATIY SPovQ1Ss e o1STsn pus
m With QR parameters (remanent parameters) e o
the most important parameters are saved: [l

m QR170 = Q170
m QR171=0Q171
m QR172=Q172
m QR150 = Q150

The component is aligned.

MW M-TS/ Jan 2018

08:18

Q150



Read Values from 3-D ROT MW M-TS/ Jan 2018

Benefit

B The angles that are stored in 3-D ROT are the
result from

m PLANE SPATIAL
m PLANE RELATIV

m Therefore, no combination must be
programmed.

m Read the tilt values
m FN18 QR1701D210 NR5 IDX1 - SPA
m FN18 QR1711D210 NR5 IDX2 - SPB
m FN18 QR172 ID210 NR5 IDX3 - SPC



Align Tilted Plane

HEIDENHAIN



Allgn Tilted Plane MW M-TS/ Jan 2018

Exercise:
m A tilted plane should be accurately aligned

Programming:
m Tilt the tool to the surface with:
PLANE SPATIAL SPA+45 SPB+0 SPC+0

m Measure the plane as usual (TCH PROBE 431
always measures the difference to the active
tilting)

m Tilt the difference:

m PLANE RELATIV SPC+Q172 STAY
m PLANE RELATIV SPB+Q171 STAY
m PLANE RELATIV SPA+Q170 MOVE

m Surface can be machined

Note:

The tilting sequence SPC-SPB-SPA must
be adhered to.



Switch to the Programming Station



Machining without 3-D Basic Rotation

e With Three Axes

e Tilted Machining with
PLANE RELATIV

e Tilted Machining with
PLANE SPATIAL

 From 3+1 Inclined Machining up to
5 Axes Simultaneously

HEIDENHAIN




3-axis I\/IaChining MW M-TS/ Jan 2018

ai?rogram run, full sequence 'ngzaming AR
x sequence

Programming:
B The angles of the surface are saved in the s lamre o ¢
following parameters: b
. QR17O : 3D_ROT A 9 P:Jim' z:’:’::;illz::»ﬂullﬂ SPB+QR1T1 SPC+OR172

m QR1/7/1=3D-ROTB 1 b e et it
B QR1/72 =3D-ROTC

14 END PGM 01 _3-AXIS MM

m With SPA+QR170 SPB+QR171 SPC+QR172 Al liisin
you tilt the tool until it is perpendicular to the 2 e
aligned surface _

m Now you can program the machining as usual,
with 3-axis operations

- Please note that after every TOOL CALL,
the tool has to be tilted again with PLANE
SPATIAL.

Machining correct



.‘

Programming:

m With PLANE SPATIAL SPA+QR170

SPB+QR171 SPC+QR172 you tilt the tool until
it is perpendicular to the aligned surface

Since PLANE SPATIAL was already used for
the alignment, PLANE RELATIV must be used
to program the subsequent tilting movements

In order to tilt back to the aligned plane,
program PLANE SPATIAL SPA+QR170
SPB+QR171 SPC+QR172

3+2-axis Machining

MW M-TS/ Jan 2018

BJrrogramming Te%

aProgram run, full sequence
+ Program run full sequence

TNC:\nc_prog\Webinar\Ohne3dD-Grunddrehu..\02 PLANE.H
=02_PLANE.H 3

0 BEGIN PGM 02 _PLANE MM
1 :OR170 3D-ROT A
z OR171 3D-ROT B
3 :OR172 3D-ROT ©

4
5 TOOL CALL 28 Z S6000 F1000
6 L X+25 Y450 Z¢50 RO FMAX

8
i PLANE SPATIAL SPA+OR170 SPB«OR171 SPC+OR172
STAY

10 PLANC RELATIV SPB-45 MOVE DIST25 FMAX

12

14 PLANE RESET MOVE DIST25 FMAX
15 END PGM 02 _PLANE MM

+35.8 o -39.889
+49.5 6 [l +358.913

e S

OOnoE
f

Mode: NWOML. |2 T 28 S bu. F_Ommi~ ovr 100% M 5/9 =
Q
MANUAL ] INTERNAL
PARAMETER
TRAVERSE LIST INFO sTOP

Machining correct
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Programming:

Activate M128 (Tool Center Point Management)

With PLANE SPATIAL SPA+QR170
SPB+QR171 SPC+QR172 you tilt the tool until
it is perpendicular to the aligned surface

Position the tool to 45° in the B axis:
L B+45 RO

The combination of
m M128
m PLANE SPATIAL
L
generates an incorrect result

From 3+1 Inclined Machining up to 5 Axes Simultaneously

MW M-TS/ Jan 2018

!aﬁ‘rogram run, full sequence

Program run full sequence

|
iTNC‘.\nr.j prog\Webinar\OhnedD-Grunddreh. \03 L Mi28.H
(=03 L _M128.H =

}O BEGIN PGM 03 _L _M128 MM

[1 :OR170 3D-ROT A
OR171 3D-ROT B

OR172 3D-ROT ©

2
3
4
5 TOOL CALL 28 Z S6000 F1000
L]
7
8

| :
|
[6 L X+60 Ye20 Z+e15 RO FMAX +‘
| —_
| xYZ
|9 w128 ;
110 PLANE SPATIAL SPA+OR170 SPB+OR171 SPC+OR172 _‘
STAY —
11 L Bed5 RO FMAX —
'\AA‘
BFE]  on
16 PLANE RESET MOVE DIST1S FMAX
17 END PGM 03_L_M128 MM

+45.000

A
B

+19. 6 +0.000 =

| 7] N

| { :

| Mode: womL. |2 T 28 5 bY g M 5/9 =

MANUAL | i | a a INIERNAL’T
\ 1 I PARAMETER |
TRAVERSE 1] o INFO STOP
| - LIST
| |
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Programming:

Activate M128 (Tool Center Point Management)

With PLANE SPATIAL SPA+QR170
SPB+QR171 SPC+QR172 you tilt the tool until
it is perpendicular to the aligned surface

Position the tool to 45° in the B axis:
LN TX+1 TY+0 TZ+1

The combination of
m M128
m PLANE SPATIAL
m LN
generates the correct result

From 3+1 Inclined Machining up to 5 Axes Simultaneously

MW M-TS/ Jan 2018

ai?rogram run, full sequence 'ngzaming LT
x sequence

Program run full

TNC:\nc_prog\Webinar\Ohne3dD-Grunddre..\03 LN M128.H
=03 LN M128.H 3

0 BEGIN PGM 03_LN_M128 MW
1 :OR170 3D-ROT A
2 ;OR171 3D-ROT B
3 :OR172 3D-ROT ©
4

5 TOOL CALL 28 Z S6000 F1000

6 L X+G0 Y+20 Z¢15 RO FMAX

7

8

9 M2

10 PLANE SPATIAL SPA«OR170 SPR«OR171 SPC+OR172
STAY

11 LN X460 Y420 Z#15 NXoO NY+O NZoD TX01 TY0
T2+1 RO FMAX

12 STOP

13

14

15 M129

16 PLANE RESET MOVE DIST1S FMAX

17 END PGM D3_LN _M128 MM

2 +60.0/ 0 Ell
2 5 +20.0 o [l +0.909

K BN

+50.128

OOnoE
f

Mode: NWOML. |2 T 28 S bu. F_Onm ovr 100% M 5/9 =
Q
MANUAL ] INTERNAL
PARAMETER
TRAVERSE LIST INFO sTOP

Machining correct
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Programming:

Activate TCPM (Tool Center Point
Management) with AXIS SPAT (spatial angles)

With PLANE SPATIAL SPA+QR170
SPB+QR171 SPC+QR172 you tilt the tool until
it is perpendicular to the aligned surface

Position the tool to 45° in the B axis:
L B+45 RO

The combination of
m TCPM ... AXIS SPAT ...
m PLANE SPATIAL
m L
generates the correct result

From 3+1 Inclined Machining up to 5 Axes Simultaneously

MW M-TS/ Jan 2018

ai?rogram run, full sequence 'Programing LEE
x sequence

Program run full

TNC:\nc_prog\Webinar\Ohne3D..\04 L _TCPM Axis Spat.H
=04 L _TCPM_Axis Spat.H 2
0 BEGIN PGM 04_L_TCPM_AXIS_SPAT MM

1 :OR170 3D-ROT A

z OR171 3D-ROT B

3 OR172 3D-ROT ©

4

5 TOOL CALL 28 Z S6000 F1000

6 L X+G0 Y+20 Z¢15 RO FMAX

7

8

9 FUNCTION TCPM F TCP AXIS SPAT PATHCIRL AXIS

10 PLANE SPATIAL SPA«OR170 SPR«OR171 SPC+OR172
STAY

11 L Bed5 RO FMAX

12 STOP
13

14
15 M129

16 PLANE RESET MOVE DIST1S FMAX
17 END PGM 04_L_TCPH_AXIS_SPAT MW

‘2 +58.4/ 2 ]
R 5 +19.6 s [l +0.909

+50.128

Mode: NOML. |2 T 28 S hut F_Omn ovr 100% M 5/9 “e
0
MANUAL o INTERNAL
PARAMETER
TRAVERSE LIST INFO STOP

Machining correct
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Thank you very much for
your attention!

Have fun aligning!

Michael Wiend|

Please do not hesitate to
contact us should you have
any questions:
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