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Screen display

Operating mode/
Error messages

| Diglogue line
| Preceding block

| Current block
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I Program marnagement

Control panel

[ Contouring functions

| Programming

| Editing

[ Pragrameming

| Graphics (TNC 155 only}

| Buffer battery

Feed rate
override

Spindle
speed

[override

Numeric
keypad
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Snap-on
keyboard

Axis selection Parameter
programiming

Numeric
keypad

Standard [SO keys
Block number
G-code Polar
Feed rate/Dwell with G04/ coordinates/

Scaling factor incremental | Operating
Auxiliary function dimensions | modes

Spindle speed, spindle orientation
with G36

Parameter definition

Polar coordinate angle/angle of rotation
in cycle G73

X-coordinate of circle centre
Y-coordinate of circie centre
Z-coordinate of circle centre

G e B0 o RO

Set label number with G98/

Jurnp to label number/

Tool length with G392

Polar coordinate radius/

Rounding-off radius with G25. G26, G27/
Chamfer with G24

Tool radius with G9S/Circte racius

with GOZ, GO3, GO5

Tool definition with G99/

Tool call




Keyboard

Program management

B  Program designation and call

Clear (erase) program

B  Call program within another program

Workpiece contour entry

Line {linear interpolation)/Chamfer

] Rounding corner/Tangential contour approach and departure
Circle tangentially adjoining previcus contour {end position only)
=] Circle centre/Pole

5 Circte (with centre and end position)

Circle {with radius and end position}

Programming and editing

External data transfer

Touch-probe functions

Delete block

Transfer/enter actual position

@ ECnter data

& Search and edit functions

g8 Programmed stop. terminate

@ B Define and call canned cycles

ER Define and call program sections and subroutines
No data entry, skip dialogue prompts

B B Define and call too! and tool compensation
B B Radius compensation

SR-+Josfi ke

Graphics (TNC 155 only}

& Graphics modes

Define workpiece blank, reset to blank
B Magnify

& Start graphics

Entry values and axis selection

& ¥ X Y Z IV axis address keys
B3 Clear {delete) pravious entry

B Terminate block entry

Parameter programming
Y Set parameter

B Defing parameter

Operating modes

Manual operation (TNC functions as pesition indicator)

Positioning via manual data input {positioning block is run, but
not saved)

= Program run - single block {program is executed block-hy-block)

Program run - full sequence {continuous program execution}

Programming and editing {enter program manually or via data
imerface)

B Electronic handwheel

Test run {check program without machine movement)

B Supplementary operating modes (vacant blocks - mm/inch -

position-display size - actual position/nominal position/distance
to go/trailing error/distance to reference point — baud rate - axis
software limits — user parameters — code number — NC/PLC
software number - V.24 interface configuration

For 1ISO programming: block number increment

Polar coordinates/Incremental dimensions
[P} Enter position vaiue in polar coordinates
(1} Enter positicn value in incremental dimensions



This Operating Manua! is valid for all currently available versions of the TNC 161/TNC 155:

Transducer TNC 151/TNC 155 version TNC 151/TNC 155 version

inputs without separate PLC with PLC input/output
input/output board(s}) board{s)

Sinusoidal TNC 151 B/TNC 185 B TNC 151 Q/TNC 155 Q

signals TNC 151 F/TNC 1565 F* TNC 151 W/TNC 1585 W*

Square-wave TNC 151 BR/TNC 155 BR TNC 151 QR/TNC 155 QR

signals TNC 151 FR/TNC 165 FR* TNC 151 WR/TNC 155 WR*

* Does not include 3D positioning and “Transfer blockwise”.

Because HEIDENHAIN is constantly striving to further develop its TNC contral systems, details of a
given controf version may deviate from the version described in this Operating Manuai.

Manufacturer's certificate

We hereby certify that the above device is radio-interference-suppressed in compliance with the
provisicns of the West German Official Register Decree No. 1046/1984.

The West German postal authorities have been notified of the deployment of this device and have
been granted permission to inspect the series for compliance with said provisions.

Note:
If tha device is incorporated by the user into an installation, the entire system must comply with the
above-mentionad provisions.

Concast, copy and laygul: Schwenkeri, Kastenhuber und Partner GmbH, Miunich
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Control type

Program
entry

External
data storage

E2

Control system in brief
TNC 151/TNC 155

The HEIDENHAIN TNC 15YTNC 155 is a 4-axis
contouring control system. Axes X, Y and Z are
linear axes; the fourth axis is provided for the
attachment of an optional rotary table or use as
an additiona! linear axis. The fourth axis can be
connected or disconnected as required.

The four-axis conteuring control penmits:

e linear interpolation of any 3 axes,

e circular interpolation of two lingar axes:
Compiex contours can alsc be produced with the
aid of parameter programming.

The TNC 151/TNC 155 can be equipped with an
opticnal 5 axis for spindle orientation. This fea-
ture allows accurate positicning of the spindle,
when using the TS 510/TS 511 infrared probing
systerm, for exampie, or for certain tool change
systemns.

" Programs may be entered either

¢ in HEIDENHAIN plain-language interactive
dizlogue
or

¢ in standard ISO 8983 format.

All interactive dialogue prompts, input values,
machining programs and error messages are dis-
played on the control screen. The program
memory can accommodate up to 32 programs
with a total of 3,100 blocks. The machining pro-
gram-can be either keyed in or entered "electro-
nicaily” via the data interface. In "Transfer block-
wise” mode, machining programs can be trans-
ferred from an external storage medium &nd run
simultaneously.

The TNC 15YTNC 185 allows you to enter or edit
a program while another program is running.

HEIDENHAIN provides the ME 101/ME 102 mag-
netic tape unit and the FE 401 floppy disk unit for
external storage of programs. The magnetic tape
units use mini-cassettes for data storage; the
fioppy disk unit uses 3 /2" diskettes. Each unit is
equipped with two interfaces, making it possible
to connect a peripheral device, such as a printer,
in addition to the TNC.



Program test

Upward
compatibility

Changing
buffer batteries

Control system in brief
TNC 151/TNC 155

In “Test run” mode, the TNC checks machining
proegrams without maving the machine slides.
Any errors in the program are displayed in the
form of plain-language messages.

Graphic program simulation provides another
cption for testing the program. Machining proce-
dures can be simulated on the three main axes
with a constant tool axis using a cylindrical end
mill.

Programs created on the TNC 145 or TNC 1560
can also be run on the TNC 161/TNC 155, The
control system adapts the input later 10 the TNC
151/TNC 155,

Thus an existing TNC 145/TNC 150 program
liorary can also be used for the TNC 151/

TNC 155.

The buffer battery is the voltage source for the
memory containing the machine parameters and
for the control systern program memaory, in case
the external voltage supply is switched off. 1t is
iocated beneath the cover on the front panel of
the control unit.

[T is time to replace the three batteries when the
message:

= EXCHANGE BUFFER BATTERY =

is displayed. (Memory contents will be maintained
for at least one week after this message appears.)

noaoo oooo

noooo  ocooo
oooo

ooooo pooo

gcoaag opac

FEEEE)

ocoao

ngoo C

Battery type

Mignon cells, leak-proof

IEC designation: "LRG”
Recommended: VARTA type 4008
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Switch-on

EA

Switching on the control unit

Traversing reference points

Switch on powver.

. d

MEMORY TEST

The control checks the internal control elec-
tronics. Display is cleared automatically.

v’

POWER INTERRUPTED 3 Clear error message.
v'

RELAY EXT. DC VOLTAGE MISSING 3 @ Switch on control voltage.
v‘

PASS OVER Z-AXIS REFERENCE POINT
PASS OVER X-AXIS REFERENCE POINT
PASS OVER Y-AXIS REFERENCE POINT
PASS OVER 4™ AXIS REFERENCE POINT

Pass over the reference point of
sach axis.
Re-start each axis individually

The axis sequence is determined by
machine parameters set by the
machine manufacturer.

In the case of linear measuring sys-
tems with interval-coded refe-ence
marks, the traverse of each axis is
reduced to max. 20 mm (0.78 in}.

-

MANUAL OPERATION




Switching on the control unit
Traversing reference points

Select supplementary miode.

PASS OVER Z-AXIS REFERENCE POINT
PASS OVER X-AXIS REFERENCE POINT
PASS OVER Y-AX|S REFERENCE POINT
PASS OVER 4™ AXIS REFERENCE PGINT

_ y

pe—

_YWBLOQKS*TGSIL o _ i } m Select MOD function “Cade number”.

Enter code number 84159.

Press "ENTER".

- N } ® Pass over X-axis referance point.
v

i ® Pass over Y-axis reference point.
CAUTION: SOFTWARE LIMITS INACTIVE v
CODE NUMBER = 84159 7N ‘ .
PASS OVER Z-AXIS REFERENCE PQOINT @/ Pass over Z-axis reference point.
PASS OVER X-AXIS REFERENCE POINT v
PASS OVER Y-AXIS REFERENCE POINT JV Pass over 4" axis reference point.
PASS QVER 4™ AXIS REFERENCE POINT

. _J

Reference points can be traversed manually,
using the axis direction buttons, in any desired
seqguence, or via the external START button.

EG



Machines with
rotary encoders

Procedure

E6

Switching on the control unit
Traversing reference points

If posttion measurement on your machine is per-
formed by rotary encoders, and no additional

cam is available for the reference pulse inhibitor,
observe the following procedure after switching
on the unit when traversing the reference peints:

If an axis. e.g. the X-axis, has reached the "Refer-
ence limit” cam, the message

PASS OVER X-AXIS REFERENCE POINT

is highlighted on the screen.

The axis must be moved free of the cam before
traversing the reference point. To do so, press the
external START button.

if more than cne axis has reached the cam, press

the external START button repeatedly. All

axes must be clearad before the reference points
can be traversed in the usual manner,




Notes:
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Operating modes and
screen displays

Manual
operation
(mD . Operating mode, error messages
Dialogue line
Position display
Status displays
Electronic
handwheet
@ Operating mode, errar messages
Interpolation factor for—————J
electronic handwheel
Position display
Status displays
Positioning —

manual data input

Operating mode, error messages

@]’ Dialogue fine

Programmed block

Position display

Status displays

ES



Operating modes and
screen displays

Program run - |
full sequence

{HEIDENHAIN ‘
dialogue) Operating mode. errcr messages
Current program biock
-

Position display

{large characters)

Display: Program running

Status displays

[eire

REDIOOTENIG

Pregram run —

full sequence

{(ISO format)
Operating mode, error massages

=p

Current block
Subsequent blocks
Position display :
Display: Program running——l—_—
Status displays

Programming

and editing

Operating mode, error messages

Current block

Position display

Status displays

= —
Dialogue line :




Introduction

Restrictions

Vacant bioéks

ET0

Supplementary operating modes

In addition to the main cperating modes, the

TNC 151/TNC 1565 provides a number of supple-
mentary operating modes, or MOD* functions.
The supplementary maodes are selected by pres-

sing the M0 | key, When this kev is pressed, the

first MOD function “Vacant blocks” is displaysd
on the dialogue line.

You can use the | ¥ m keys to page forward
and backward through the MOD function menu.
You can page forward with the key.

Exit the supplementary mode function by pres-

sing the @ key.

* MOD is a shortened form of the word "mode”.

While a program is running in modes or

, only the following supplementary operating

modes can be selected:
& position display size (large or small characters)
e vacant blocks

The following supplementary operating modes
can be selected while the message

= POWER INTERRUPTED =

is displayed on the screen:

¢ code number

® user parameters

o NC software number

& PLC software number

The MOD function “Vacant blocks” indicates the
number of blocks still available in program
memory.

When programming in SO format, the number of
available characters {bytes) is displayed.

MOD

Sample display:




Select function

Exit function

Supplementary operating modes
How to select and exit MOD functions

Operating mode

Initiate dialogue

VACANT BLOCKS = 1974

Select MOD functions wvia editing keys

or

|
I
i

by paging (forward only) with the MOD key.

’QMDDi
H

‘ LIMIT X+ = X+ 350.000

} CEL Exit supplementary mode.

E1



Changeover
mm/inch

Position
data display

E12

Supplementary operating modes

You can use the MCD function “mm/inch” 1o
determine whether the control systemn displays
position data in millimetres or inches. Press the

key to c¢hange frorm inch to mm and vice

versa. When this key is pressed, the control sys-
tem switches to the alternate measuring unit.

You can recognize whether the current display is
in mm or inches by noting the number of decimal
places following the decimal point:

X 15.789 mm display

X 0.6216 inch display

The type of position data displayed on the screen

can be selected via the MOD function “position

display™

® current actual position display: ACTL

® distance from reference points; REF

e difference between current nominal and actual
positions (trailing error or lag): LAG

® Current nominal position calculated by control
systermn: NOML

¢ Display of distance to go to nominal position
{difference between programrned nominal and
current actual position); DIST

Beginning with software version 03, jammed axes
are indicated on the screen by a decimal point

‘behind the axis designation.

X| 15,789
| —
PITT]TIIIIIHE[HIIIIIIIU'HTI_I]

0 10 20 30 mm
X 10,6216
}ITT|I3||IT,——X
0 05 1 inch

Yi
Current
NOMINAL
position
O
I — ACTUAL
LAG position

Yi
Programmed
O NOMINAL
* position
| ACTUAL
DIST position
i X
® | -
i
T DIST
|




Changeover
mm/inch

Position
display

Supplementary operating modes

Select MOD function. } @ T_|
|
"
CHANGE MM/INCH
The control displays position data in mm, you C—_ )
want to change to inch: } !@ Changeover. |
Change from inch to metric in the same way.
Select MOD function, P loo| 4+
‘r
GROGRAM RUN/SINGLE BLOCK
. | POSITION DISPLAY
LNOML' X, Y. J
Changeover.

To change the display back to “actual posi- ,
tion™: } @

{Press repeatedly until ACTL appears.)

~g

(o )

PROGRAM RUN/SINGLE BLOCK
POSITION DISPLAY

ACTL X... Y ..

To change the display back to “nominal posi- hj
tion™: ’ |

Changeover.
{Press repsatedly until NOML appears))

Follow the same procedure to change the posi-
tion data display to REF, LAG and DIST.

EF12



Supplementary operating modes

Position display You can change the height of the characters in
large/small the position display on the screen in | B) | “Pro-

H
ram run/single block™ or | =} | “Program run/ull
12 d

sequence” (automatic) modes.

In the case of small-character cisplay, the screen
displays four program blocks (preceding, current,
next and block after next); with large-character
display, only the current block is shown.

Block number i you are programming in I1SO format, you can
increment determine the interval between block numbers
via the MOD function "Block humber increment”.
If the increment is 10, for example. blocks will
autormatically be numbered as follows:
N10
N20
N30
etc.
Biock increments may lie within a range of
0-99.

Baud rate The MOD function “Baud rate” is used to deter-
ming the data transmission speed for the inter-
face {see “Baud rate entry”).

V.24- The interface can be switched 1o the following
interface operating modes via the MOD function "V.24 .
interface”™
¢ magnetic tape operation (ME)
o floppy disk operation (FE)
o EXT-operation with other external devices.
{see "V.24 interface — definition”).

E14



Supplementary operating modes

Position display 1

large/small | Select MOD function "Posttion display large/ } oc | T‘ :
‘ srnall”: P '
!
(PROGR/—\M RUN/SINGLE BLGCK
I I POSITION DISPLAY LARGE/SMALL ’
17 L XY ..
18L X...Y .
19 CC X ... Y ..
20C X...Y.
ACTL X ... Y .
Z... C.
' L j
To switch position display to large: }
U .

FPROGRAI\/I RUN/SINGLE BLOCK N ;
18 L X... Y. '
ACTL X...

Y..

_ _J

Follow the same procedure to switch from —

large to small display. } @

Block number
increment
(iSO only)

Select MOD function "Block number incre-
ment”:

\r_-‘f
P oot [4]

~

BLOCK NO. INCREMENT =

Entar increment for block numbers.

>
-

ZNTH

Transfer ent-y tc memory.

E15



Software limits

E16

Supplementary operating modes

Using the MOD function “Limits”, you can confine
tool traverse to specified limits, to prevent colli-
sions with certain workpieces, for example.
Maximum traverse ranges are cefined by soft-
ware limit switches. Traverse range limits are
determined on each axis consecutively in + and
- directions, based cn the reference point. For
this reason, the position display must be
switched to REF when defining the limiting posi-
tions.

+Z

f Required hmits {safety zone)

Reference poi

4

-20 =10 0 20 30 50 50 5&
3 , - T
| Workpiece i
! . !
| Maching 13DIe et i
I_ } Transducer | II
] e

|
1

X Ref

-7

4
-B0 -3 -40 -30 =20 10

Limit X+ = —10.000
Lirmit X- = -70.000

1

é‘rx Ref




Setting the
software limits

Supplementary operating modes

. [ »———
Operating mode —or @
Switch position disg&!a{\_?-';&%é‘: to set traverse -
range firmnits. HRLE L P
o — \
Selgct MOD function “Limits”, ’ Mo Ry ‘
]
LIMIT X+ = +30000.000 i
 Use the external axis direction buttons or the
electronic handwhee! tc move to the limiting
position. .
Program position indicated, e.g. ~10.00C ’[ \ Enter X-value.
b 4
@)} Transfer to memaory.
| Dmels
|
LIMIT X4 = —10.000
Select next MOD function “Limits”™: } E
LUMIT X— = =-30000.000
. Usa the external axis direction buttons or the i
i electronic handwheel © move to the limiting '
\ positian. -
i Program position indicated, e.g. —70.000 ) i___J Enter X-valus.
| v
\ Iy Transfer 10 memory.
|

‘V

T UMIT X~ =—70.000

Follow the same procedure to limit remaining
traverse ranges.

- for thecorresponding axes.

E17



Supplementary operating modes

NC software This MOD function displays the software number ]
number of the TNC control system. _ Sample display:
PLC software - This MOD function displays the software number .
number of the integrated PLC. Sample display:
User This MOD function provides the user with access

parameters to up 1o 16 machine parameters. User parameters

are defined by the machine manufacturer, who
can also provide you with further information.

Code number . With this MOD function, code numbers can be
used to select a special procedure for “reference
point eppreach” or 1o cancel the “edit/erase pro-
tection” for programs (see aporopriate chapter).

E18



Supplementary operating modes

User i
’ [
parameters Select MOD function “IUser parameters”, ’E1 Ly
USER PARAMETERS P&l Tanster MOD funciion
"
USER PAR.1=0"* } l |+ Select desired user parameter. !
* The dialogue text is determined by the v |
machine manufacturer. The above message F_ Change parameter if required. '
is displayed if no dialogue text has been v
defined. =y
‘L Transfer entry 1o memory,
Exit user
parameter To exit the MOD function “User parameters”. }’33 Exit MQD function.
function |

E19



Notes:
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Jog mode

Continuous
operation

Feed rate

Spindle
speed

Miscellaneous

functions

Manual operation

Operating mode: “Manual operation”

In “Manual operation” mode | ¥ |, the machine
axes can be moved via the external axis direction

PN
buttons \?(/ ® @ @ .

The machine axis is moved as fong as the appro-
priate external axis direction button is pressed.
The machine axis stops immediately when the
axis direction button is released.

Multiple axes may be traversed simultaneously in
jog mode.

If an axis direction button and the external
start button are pressed at the same time, the
selected machine axis will continue to move after
the button is released. Movement can be

stopped by pressing the external stop button.

(%)
/’/ﬂﬁ///ﬂC>
)/

The traversing speed (feed rate) can be set

® via the control system’s internal feed rate
override, or

® via the machine’s external feed rate override
{depending on the specified machine parame-
ters).

The specified feed rate is displayed on the

screen.

Spindle speed can be adjusted via the E‘;‘EE key

{see "TOOL CALL").

With analogue output, the programmed spindie
speed can be aliered via the spindle override
function while the program is running.

You can enter miscellaneous functions via the
sTor| key (see "Program stop”).

Internal
feed rate ‘
{override)

potentiometer

External

feed rate
{override}
potentiometer

S )
M)

TOOL
CALL

STOP

M1



Versions

Interpolation
factor

Operation

mz

handwheel.

Manual operatnon
Operating mode: “Electronic handvvheel

The control unit can be equippad with an elec-
tronic handwheei that can be used for machine
set-up, for example

The electronic handwheef i available in three HR 150 HR 250

VErsions:

# HR 150: 1 handwheel for integration in
machine control panel,

* HR 250: 1 handwhee! in portable unit,

e HE 310: 2 handwheels in portable unit with
axis keys and supplementary emear-
gency stop button.

The interpolation factor determines the distance
traversed per handwheel revolution (see chart at

right). - Distance:

tmversed

Versions HR 150 and HR 250:

Use the axis keys of the

contrel unit to select machine axes for the

Version HE 310 with two handwheels: the
handwhee umt is eguipped with additional

. ams ‘keys. They can be used to

assign one handwheel to either the X- or IV-axis
and the other handwheel to the Y- or Z-axis.
The axis being controlled by the electronic
handwhee! is highlighted on the screen.

“tion buttons ® @ @ @




Operation
HR 150/
HR 250

Operation
HE 310

Manual operation

Operation mode: “Electronic handwheel”

Press ENTER key.

oy
Operating mode and dialogue initiation 7
INTVERPdLAﬂON'FACTOR:é _.___‘ S%ecjv required interpolaticn factor,
‘ i(ENT)] Press ENTER key.
|  INTERPOLATION FACTOR: 4 - 4 Yi Specify required axis, & g, Y.
‘ LJ 3
The too! can now be moved in positive or nega-
tive Y-direction by means of the electronic
handwheel.
Operating mode and dialogue initiation __ | =
i T e e S f 1 d ] t J ; f 't 1
! INTERPOLATION FACTOR: 4 - " e%e(:év reguired nterpoiation 1acior,
‘ h 4 i
i i

v

INTERPOLATIONFACTOR:6 6 )

<N

Select first traversing axis on hand-
wheel unit. e g. Z.

Select second traversing axis on
handwhsel 2.3 X ,

The tocl can be moved in positive or negative Z-
direction via the first handwhee!, in positive or
negative X-direction via the second handwheel.

M3



Step
Positioning

M4

Manual Operation
Step Positioning

Beginning with scftware version 03:

The step positioning can be activated via the
integrated PLC. This makes it possible to enter a
supplermentary step measure in the operation
mode “glectranic handwheel”. When an axis direc-
tion key is pressed the corresponding axis moves
by the distance thal was entered.



Step measure
entry

Manual Operation
Step measure entry

Operation mode and Dialog initiation

Press external axis key.
The chosen axis moves by the
distance entered.

SUBDIVISION FACTOR: 3 E move bright field one line downward —!
-
. l
FEED: 1.000 } EI enter desired feed e.g. 2
4 (maximum entry value: 10 mm)
transfer entry t¢ memory
il
e 20 ) OOW

Mb
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Introduction

Rectangular
or

Cartesian *
coordinate
system

Example

Coordinate system and dimensioning

An NC meachine cannot process a workpiece
automatically unless all the machining operations
are completely defined by the NC program. The
nominal positions of the tool, refative to the work-
piece, must be defined in the NC program. A
reference system, a system of coordinates. is
required to define the nominal tool positions. The
TNC aliows you to use either rectangular or polar
coordinates, depending cn how the waorkpiece is
dimensioned,

A rectangular coordinate system is formed by
two axes in the plane and by three axes in space.
These axes intersect at a single point and are
perpendicular to one another. The point where
the axes intersect is cafled the origin or zero
point of the coordinate system. The axes are
identified by the letters X, Y and Z.

Imaginary scales, the zero points of which coin-
cide with the zero point of the coordinate system,
are {ocated on the axes. The arrow indicates the
positive direction of the scales.

* Named for the French mathematician René
Descartes, referred to in Latin as Renatus
Cartesius (1696 - 16501

Any point on a workpiece can be described with
the aid of the Cartesian coordinate system Dy
indicating the appropriate X. Y and Z coordinatas:

PT X=20 ]
Y= {0 | abbraviated: P1{20: 0; O}
z=0 |

P2 (20, 35 0

P3 (40; 35; —10)

P4 (40; 0, —20)

Ki



Coordinate
data

Poiar
coordinates

Input range

Angular
reference axis

K2

Coordinate system and dimensioning

The Cartesian coordinate system is particularly
suitable if the production drawing is dimersioned
“ractanguiarty”.

In the case of workpiece with circular elements
or angular dimensions, 1t is often more conven-
ient to define positions in polar coordinates.

The polar coordinate system is used to define
points it a plane. The point of reference is the
pole {the zero point of the coordinate sysiem)
and one direction {reference axis for the specific
angle).

Points are described as follows:

By indicating the polar coordinate radius PR (dis-
tance between pole and point P} and by the
angle PA formed between the reference direction
{in the iliustration, the = X-axis) and the connect-
ing line pole-to-peint P1.

A is thz abbreviation for angle.

The polar coordinate angle PA is entered in
degrees (°), {decimal notation).

Input range for linear interpolation:
absclute or incremental —360° to +360°

Input range for circular interpolation:
absolute or incremental —~5400° to +5400°

PA positive: angle specified counterciockwise
PA nggative: angle specified clockwise

The angular reference axis (0°-axis) is
the +X-axis in the X Y plane.
the ~Y-axis in the Y, Z plane,
the —Z-axis in the Z, X plane.

The prefix sign for the angle PA can be deter-
mined with the aid of the illustration at the right.




Example

Relative
tool movement

Correlation

of machine slide
movement and
the coordinate
system

Tne three
ain axes

Coordinate system and dimensioning

The polar coordinate system is particularly suit-
able for describing points on a workpiece if the
production drawing contains primarily angles, as
shown in the example at right.

When machining a workpiece, it makes no differ-
ence whether the tool moves on a stationary
workpiece, or whether the workpiece moves
while the toof remains stationary.

Only the raiative tool/workpiece movement is
important when creating a program.

This means, for example:

If the worktable of the milling machine, together
with the clamped workpizce, moves 1o the left,
the movement of the too, relative to the work-
piece, is to the right. If the table moves upward,
the relative tool movement is down. The tool
actually moves only when the headstock moves:
thus machine movement always corresponds 1o
the relative tool movement.

Twao factors must be determined before the con-
trol systern can properly interprat workpiece
coordinates in the machining program:

e which slide will move parallel to which coordin-
ate axis {correlation of machine axis and coor-
dinate axis)

& what relationship exists betweaen the position of
the machine slides and the coordinate data in
the program,

The allocation of the three workpiece coordinate
axes 10 the machine axes has been defined by
the ISC 841 standard for various machine tools.
The direction of traverse can be easily noted by
applying the “right-hand rute”.

35

Programmed
relative
movement

of tool to right

Movement
of table
to left




The fourth
axis

K4

Coordinate system and dimensioning

If a fourth axis is used, the machine manufacturer
will determine whether it controls a rotary table
or an additional linear axis (e.q. 3 controlled

quill) and how the axis is identified on the screen.
An additicnal linear axis moving paralle! to the X-,
Y- or Z-axis is referred to as the U-, V- or W-axis.

When programming the movement of a rotary
table, the angle of table rotation on the A-, B- or
C-axis is indicated in degrees {°), (decimal nota-
tion}.

In this case, we refer to an A- B- or C-axis move-
ment, meaning a rotation about the X-, Y- or
Z-axis.




Allocation
of the
coordinate
system

Coordinate system and dimensioning

The position of the machine coordinate system is
determined as follows:

The machine slide is moved over a defined posi-
tion, the reference position (also called the refer-
ence point). VWhen this goint is traversed, the
transducer issues an electrical signal, the refer-
ence signal, o the control system. Once this sig-
nal is received, the control system assigns a
given coordinate value to the refererice point. The
procedure is repeated for all machine slides in
order to define the position of the machine’s
coordinate system.

The reference points must be traversed after
every interruption of the power supply, which
causes the correlation between the coordinate
system and the machine slide position to be lost.
All operating options are disabled until the refer-
ence points are traversed.

Cnce the reference points have been traversed,
the centrol system “recognizes” the previous
workpiece datum (see next chapter) and the soft-
ware limit switches again.

Reference point

Scanner to
reference
position

Linear transducer

.\

I\

Reference signal
to control

Reference point e.g. 425.385

Linear trarsducer

Machine slide moved to refererce point
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Setting the
workpiece
datum

Setting the
workpiece
datum in the
machining
plane with
an optical
contour
scanner

With a
centring device

K6

Coordinate system and dimensioning

Setting the workpiece datum

Tz avoid unnecessary calculating eflort, the work-
piece datum 1s located at that point on the work-
piece an which workpiece dimensions are based.
For reasons of safety, the workpiece datum is
almost always located at the “highest” point of
the workpiece on the tool axis.

Approach the desired workpiece datum and reset
the indicator for both axes of the machining
plane to zero.

Move o a known position, €. g. to the centre of a
hoie, with the aid of the centring device. Then
enter the coordinates of the hole centre into the
control system (in this case X = 40 mm, Y =

40 mm). This defines the iocation of the work-
piece datum.

TITARI TN

Symbaol for workpiece datum

Y




Coordinate system and dimensioning
Setting the workpiece datum |

With edge Move the tool to the workpiece reference sur-

finder or tool faces When the tool contacts the surface, set the :
actual value display for the corresponding axis to 3
the value of the toal radius, with a nagative prefix Ay 5
sign (in this case e.g. X = —b mm. ¥ = —5 mmj}.

|

Setting the Move the zeroing tool to the workpiece surface.

workpiece When the tool contacts the surface, set the

datum on the actual vaiue display for the tool axis 1o zero,

tool axis by If contact with the workpiece surface is not de-

tool contact sired, place a thin piece of sheet metal of known

with the thickness (approx. 0.1 mm} between the tool tip

workpiece and the workpiece. Enter the thickness of the

surface shest metal {e.g. Z = 0.1 mm} instead of zero,

With If preset tools are used, i.e if ool fengths are

preset tools known in advance, probe the workpiece surface

with any of the tools. To assign the value "0” to

the surface, spacify the length L of the teol. with
a positive prefix sign, as actual value of the too!

axis. )f the workpiece surface has a value other

than zero. enter the following actual value:

(actual value Z} = {tool length L) + (position
of surface)

Example:

Tool length L = 100 mm

Position of workpiece surface = + 50 mm
Actual value Z = 100 mm — 50 mm = 160 mm




REF-values

K8

Coordinate system and dimensioning
Setting the waorkpiece datum

In setting the workpiece datum, defined numeri-
cal values, called "REF-values”, are assigned to
the reference points. These values are automati-
cally saved by the control system. This makes it
possible to find the previously defined workpiece
datum after an interruption of powsr, by simply
traversing the reference points.

4

Reference point e.g. 40.025
i ] s i X P_
0 A 20 a0 '
40,025
i
-~
/ Linear transducer

Machine slide moved to reference point




Coordinate system and dimensioning
Setting the workpiece datum

Lo
Setting the Operating mode LI
workpiece
. ‘i‘he workpaece datum canhot. be set un%ess -
“the actual positionis displayed.: . -«
~Select this: dasp!ay wa zhe MOQ funct on n‘
. .3requsred O
X
Dialogue initiation (A
| - ]
| DATUM SET X= }3 | Specify value for X-axis. 1

i

Gl

Press ENTER.

=

Dialogue initiation

|

!
| DATUMSETY= Specify value for Y-axis. |

i

G4

Press ENTER.

[~

Dialogue initiation

]

o

DATUM SET Z = Specify value for Z-axis.

(3]
=
[

G

Press ENTER.

=]

Dialogue initiation

‘DATUM SETC = Specify value for 4" axis,

v
G

Press ENTER.

Depending on the specified machine parameters,
the 4" axis is identified and displayed as A, B, C
or U,V or W.

K9



Coordinate system and dimensioning
Absolute/incremental dimensions

Dimensioning Dimensions in workpiece drawings are indicated

gither in absolute or in incremental {chain) dimen-

SIONS.
Absolute Absgtute dimensions in the machining program |
dimensions are based on a fixed, absolute point, e.¢. the zero | Yi

point of the coordinate system {corresponds to

the waorkpiece datumyj.

3of
2
‘bl

Incremental Incremental dimensions in the machining pro-
dimensions gram ara based on the previous programmed YJP

nominal position of the tool

<V

K10



Introduction

Program

Programming

Programming

language

Programming
Introduction

As in the case of conventional, ranually operat-
ed machine tcols. a work plan, called an “opera-
tiory layout” is required for operations with @ CNC
machine tool. The operating sequence is the
same in both cases.

While, in the case of the conventional machine,
the individual steps are performad by the opera-
tor. the electranic control system of the CNC
rmachine calculates the tool path. coordinates the
feed motions of the machine slides and maonitors
spindie speed. The control system receives the
data required to carry out these tasks from a
program which has been entared in advance.

The program is nothing more than a set of in-
structions, like the cperation layoul, compiled in a
language that the control system can understand.

Programming is therefore the creation and entry
of an operation layout in a language that can be
understood by the control system.

in the machining programm, each NC program
block corresponds to one step in the operation
layout. A block is made up of individual com-
mands.

Weark
ciar =

Coeraton 1avoat

rerr o oree
ol

Examples
Programmed Meaning
| command ‘i
?—_ECW)W Move Y-axis
slide to
position =50.000.
é§~ Move machine slide
' at feed rate of
; 250 mm/min.
L
TOOLCALL1 | Call compensation
. values for tool No. 1.

P1



Program
structure

Block number

Dialogue
prompting

P2

Programming
Program

A program for producing a workpiece can be
divided mto the following sections;

® Approach tool change position.
& Insert tool.

e Approach workpiece coniour.

e Machine workpiece contour.

e Depart from workpiece contour.
® Approach tool change position.

EFach program section is composad of individual
program blocks.

The contro! system automatically assigns a block
number to each bicck. The block number identi-
fies the program block within the machining pro-
gram.

The block number is maintained when a block is
erased; the subseguent block takes the place
{and the number} of the erased one.

Programming 1s dialogue-prompted, meaning that
the controf system asks for the required informa-
tion in plain language during program entry.

The appropriate dialogue sequence for each pro-
gram block is initiated via the dialogue-initiation

key. e. @ [t {the control system prompts the

cperator for the tool number, then for the tool
length atc.).

Errcrs made while entering & program are also
displaved in plain language. Incorrect entries can
be corrected immediately, during program entry.

Prog

e S

ram

APPROACH TOQOL

ADEPART FACH, CONTOURE

AFPPRCACH TG
CHANGE PC

T0O00
SITION

7 L Z-20.000
o RO F2999 MO3
8 L X-12000 Y+60.000
RC FO929 M
8 L X+2000C Y+60.000
RR F40 M
10 RNDR+5GO0
F20
1 L X+B0.O0O Y+20.000
RR F40 M
12 CC X—-10000 Y+80.000
13- C  X+70.000 Y+51.715
DR+ RR F40 M
14 CC X+150.000  Y+80.000
18 C  X+20.000 Y+20.000
o DR+ RR F40
16 L X+120000  Y+20.000
RR F40 M
Initiate | Press appro-
dialogue L_ - priate key.

First dialogue

i

Li Respond 10

prompt displayed Iy prompt.
] S
Second dialogue \ : Respond to
rompt displayed T prompt
LD P Y ] I -




Responding
to
dialogue prompts

Skipping
dialogue prompts

Terminating
a block
prematurely

Programming

Responding to dialogue prompts

Every dialogue prompt requires a response. The
response 1S displayved in the highlighted field on
the screen. Following the response to the dialo-
gue prompt, the entry i1s transferred to the pro-

gram by pressing the @ kevy.
The control system then issues the next dialogue
prompt.

"ENT" is an abbreviation for "ENTER”

Certain entries do not change from block to
block, e. g. feed rate or spindle speed. The corre-
sponding dialogue prompt does not require a
response in this case and may be "skipped” by

pressing EE] . Entries already displayed in the

highlighted field will be deleted and the next
prompt will appear on screen. The values pro-
grammed previously at the corresponding ad-
dress will be valid when the program is run.

fEND

By pressing the | 07" | key, the programming of

positioning blocks, tool calls or the cycles “datum
shift” and "mirror image” can be terminated pre-
maturely. Following the fast prompt, the |50} key

can be used much in the same way as thg e
key to transfer data, or immediately following the

next prompt. in the same way as i$|

The values programmed previousty at the corre-
sponding address will be valid when the program
IS run.

ENT

——

pP3



Entering
numetrical values

P4

Programming
Entering numerical values

Numerical values are entered from the numeric
keypad. which also features decimal point and
prefix sign keys. Leading zeros in front of the
decimal point may be omitted (the decirmal point
may be shown on the screen as & decimal
comma).

Prefix signs may be entered before, during and
after numerical enines. :

Incorrectly entered numbers can be deleted by
pressing the key before transferring them,
and then re-entered correctly.




Notes:

- - e | -
L ] i . - ]
. ] i -
.
- T |
__ _ _
...... |
L _ _ | I .
e _ § . g
‘\_l - ” —— — —
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Entering a
new
program

Erase/edit
protection

Birectory

Calling an
existing
program

P&

Program management

The control system can save and store up to 32
programs with a total of 3.100 program blocks. A
machining program can contain up to 999
blocks.

To distinguish the various programs, each
machining program must be identified by a pro-
gram numer.

Programs can be protected from direct access
{e g. erasure or gditing).

The dialogue for entering or calling up a program
number is initiated by pressing |77

A table, or directory, showing the programs
stored in the TNC's memory is displayed on the
SCreen.

The length of the program is indicated following
the program number. In HEIDENHAIN plainangu-
age format. this display shows the number of
program blocks; in 1SO format, the number of
characters {bytes) is displayed.

e (NG DEL
The directory can be exited with or | o

Programs that have already been entered are
called via the program nurnber. There are two
ways of doing this:

® The programs stored in the control system are
listed on the screen, by their program numbers.
The most recently entered or called number is
highlighted. The highlighted fieid, also called a
cursor, can be moved arcund in the directory 1o
the desired program number by means of the

.
m E - 'L-.; . The pro-

gram is calledt by pressiﬁg—@

® A program can alse be called by typing the
program number and pressing the key.

editing keys

FERTR

3
Ed
1)
&
&
=
=




Entering a
new
program
number

Sample display

Selecting an
existing
programt
number

Sample display

Program management

Operating mode

Dialogue initiation _____

)

PROGRAM SELECTION

PROGRAM NUMBER =

Enter program number
{max. 8 digits).

Press ENT.

G

v

MM = ENT / INCH = NO ENT

for dimensions in mm

{&
ar

for dimensions in inches

0 BEGIN PGM 12345678 MM

1 END PGM 12345678 MM

The program number is 123458678; dimensions

are m milhmetres.

When programming. the program is inserted be-

tween the BEGIN-block and the END-block.

Operating mode

@OF@O?@OFE

Dialogue initiation

[ 76M
R

PROGRAM SELECTION

PROGRAM NUMBER =

I Select the program aumber using the
highlighted cursor.

Or enter the program number.

Place cursor
over desired number.

JENENIENES
v

Press ENT.

[
} L‘ Entar number.
h 4

@ Press ENT.

0 BEGIN PGM 8324 MM

1L...

The beginning of the selected program is
displayed on screen.

P7



Erase/edit
protection

P8

Program management
Edit-protected programs

After a program is compiled, it can be protected
against erasure and editing. Erase/edit-protected
programs are identified at the beginning and end
by a "P"

A protectad program cannot be erased or
changed uniess the erase/edit protection is
removed. This is done by selecting the program
and enterning the code number 86 3567.



Program management
Edit-protected programs

Entering Operating mode _ :QJ
erase/edit Fam
protection Dialogue initiation MR
PROGRAM SELECTION
PROGRAM NUMBER = ’ h Enter number of program to be pro-
;‘ tected.
ENT Press ENT.
.
. Press key untit dialogue prompt PGM
0 BEGIN PGM 22 MM } \L protection is displayed.
PGM PROTECTION
0 BEGIN PGM 22 MM b
o Erase/edit protection is pro-
L grammed.
Sample display "P" appears at end of line to identity erase/edit
0 BEGIN PGM 22 MM P protection.

P9



Notes:

Ty

| . LT e
L - - :
SERRSERARE RN ARR R |
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Cancelling
erase/edit
protection

Sample display

Program management
Edit-protected programs

Operating mode L
Dialogue initiation LR
PROGRAM SELECTION
Enter number of program from
PROGRAM NUMBER = } TT which protection is to be cancelled.
v
@ Press ENT.
0 BEGIN PGM 22 MM P ’ @ Select supplementary mode.
: Ty Select MOD function
VACANT BLOCKS 2951 ’ Lf_J "Code number".
CODE NUMBER = P | Entercode number 86 357
b4
@ Erase/edit protection is cancelled.
] - The “P" identifying the erase/edit protection
0 BEGIN PGM 22 MM disappears from display.

P



Programming the workpiece contour

Tool definition To enable the control system to calculate the tool

TOOL DEF path from the programmed workpiece contour,
tool lenght and radius must be specified. These
data are programmed in the TOOL DEFINITION
feature

Tool number The compensation (or offset) values always refer
to a certain tool, which is identified by a number.
The possible entry values for the tcol number
depend ¢cn how the machine is equipped:

with automatic too! changer: - 2%
{see "central ool memory”}

without automatic tool changer: 1- 254

Tool length The offset value for ool length can be deter-
mined on the machine or on a 1ol presetier.

Z |

If the length compensation value 1s detarmined
on the machine, the workpiece datum should

be defined first. The tool used to set the datum |
has a compensation vaiue of "0” and is called the
zero tool.

Zero
The differences in length of the remaining tos!
clamped tocls, relative 1o the zero tool, are pro-
grammed as tool length compensations.

Prefix signs If 2 tool is shorter than the zero tool, the differ-
ence is entered as a negative tool length com-
pensation,

If 2 tool is longer than the zero tool, the differ- \
ence is entered as a posfiive tooi length compen- |
sation.

If a tool presetter is used. all tool lengths are
already known. The compensation values are
entered from a list, together with the correct pre-
fixes.

P12



Programming tool compenrsation

Tool radius The tool radius 15 always entered as a positive r
vatue, except in the case of radius compensation
for playback programming.

When using drilling and boring tools, the value
“07 can be entered for the tool radius.

Possible input range: = 30000000

A tool radeus must iae programmed nS 3.

P13



Programming tool compensation
Central tool memory

Central tool In the TNC 151 B/Q and TNC 155 B/Q control f
memaory systems, a central tool memory can be activated
via machine parameters.

The central tocl memory is selected via program
number “07 and modified. printed cut and loaded

in! \/l “Programming and ediing” mode. Data for

up to 799 tools can be stored. The tool number,
length, radius and locaticn of each too! is

entered.
‘ 79 M3
Tool changer When using a ool changer with random select
with {variable tool location coding), the control system
random-select handles tool jocation management. The random
feature select feature works like this: While one tool is

being used for machining, the control system pre-
selects the next tool to be used and exchanges
the two tools at the programmed tool change.
The control system records which tool number is
stored at which location. The praselected tool is

programmed via E. {Length and radius can

only be entered in program O}

Tools which due to their size require three loca-
tions may be defined as “special tools”. A special
tool is always deposited at the same defined
location. A special tool is programmed by placing
the cursor on the dialogus prompt

SPECIAL TOOL?

and pressing .

For special tools, the previous and subseguent
place numbers should be cancelled for safety

reasons by setting the cursor and pressing the
TN
11E\Im Key.

Begmning with software version 03:

A cancelied place number is replaced by an
asterisk. “S” for special tooil and “P” for place
number is only displayed if this function was
selected via machine paramster {entry value 3 in
machine parameter G1),

Transfer In "Transfer blockwise” mode, compensation
blockwise values can be called up from the central tool
memary.
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Entering a tool
compensation

Sample display

Programming tool compensation

Tool definition

—
Operating mode '_‘2
Dialogue initiation DE
—
i -
TOOL NUMBER ? ) Enter tool nurmber. |
Eﬂ Press ENT.
=]
- allocated :nzemafly (see “TOOL CALL O ') .
Too length and radius can aiso. be. entered m_ o
‘playback ‘mode {see “‘f'@o com;aensaﬁ S
TOOL LENGTHL ? |
. . | Enter compensation value or differ-
i tool length is known: } L._.| ence in iength from zero tool.
h 4
H with correct prefix.
@ Prass ENT.
| If tool length s determined on machine: ’ l_“| Transfer difference in length from
zero tool.
@ Press ENT.

v

H

TOOL RADIUS R ? » - Enter to0f radius. |
ENT) Press ENT.
i
~ Tool No. 28 has the compensation value 15.780
15 TOOL DEF 28 L + 15780 : { for tength and 20.000 for the radius.
| .
! R + 20.000

|
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TOOL CALL

Tool change

Program
structure

P16

Programming tool compensation

Tool call

TOCL CALL 1s used 10 access a new tool and the
corresponding compénsation values for length
and radius.

In addition to the tool number, the control sys-
tem must also know the spindle axis, in order to
perform fength compensation on the correct axis,
or radius compensation in the proper plane.

The spindie speed is entered immediately fol-
lowing the spindle axis. If the specified speed is
outside the range permitted for the maching, the
error message = WRONG RPM = is displayed.

A TOOL-CALL block ends the lingar and radius
compensation.

Beginning with software version 3:

If during a TOOL-CALL block only the spindla
speed is changed, then the TNC continues to
execute the linear and radius cormpsansation.

Tool change occurs at a predefined tool
change position. Thus the control system must
move the tool to the uncompensated nominal
values for the too! change positions. To do this,
the compensation data for the tcol currently in
use must be cancelled.

This is done via the TOOL CALL O function:

The moves 1o the desired uncompensated nomi-
nal position are programmed in the next block.
The tool change position can alse be approached
with M91, M92 (see "Auxiliary functions M) or via
PLC positioning.

Contact your machine manufacturer or supplier
for information.

Because the program run must be interrupted for
a manual tool change, a program STOP com-
mand must be entered before TOOL CALL. The
program run is then interrupted until the external
start button is pressed.

The program STOP can be omitted only if a tool
call is programmed merely for the purpese of
changing slewing speed.

MNo programm STOP is required for an automat-
ic tool change. The program run is resumed
when the tool change is completed.

MANUAL TOOL

CHANGE

e e ey

TOOL CALL D

TOOL CHANGE
POSITION

‘

STOP

TOOL CALL ...

06000600




Programming tool compensation
Tool call/Program STOP

Entering a Operating mode L~
tool call oot
command bialogue initiation caL
I —
TOOL NUMBER ? . }L ‘ Erter tool number.
v
@@:1 Press ENT.
; -
' SPINDLE AXIS PARALLEL X/Y/Z ? bz Erter spindie axis, &.g. 7.
Spindle axis is X/Y/Z or IV axis if IV
axis 15 designated as Y/V or W.
Enter spindle speed
?
- SPINDLE SPEED S IN RPM }D {see chart next page).
h 4
Press ENT.
Sample display | Tool No. 5 is called. The spindle axis operates in
TOOL CALL S z , ‘ the direction of the Z-axis. Spindie speed is 125
rpm.
‘ S '125.000 J
Entering a Operating mode _§>j
programmed -
STOP Dialogue initiation M
AUXILIARY FUNCTION M ? |
If auxiliary function is desired: ’ D Enter auxiliary function.
h 4
3
@ Press ENT.
No auxiiiary function desired: ) IEJ* Press NO ENT.
Sampie display T ]
18 STOP [ Prograrn run interrupted in block 18.
. i
M ‘ | No auxiliary function.
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Tool call
Spindle speeds

Programmable

spindle speeds S infpm
{for coded -
output)
For coded output, spindle spaeds must be within
the range of standard values. If required, the con-
trol system will round off 10 the next higher
standard value,
Programmable Programmed spindle speeds need not corre-
spindle speeds spand 1o the vaiues indicated in the table. Any
{for analogue desired spindle speed can be programmed, pro-
output} vided that 1t is not below the minimum speed
and doas not exceed the maxirmum speed of
30.000 rpm.

With the “Spindle override” potentiometer, the
programmed speed can be increased or de-
creased by the set %-value.

hether your maching
or analogue spingle

Beginning with software version 03:

With analog cutput of the spindle stewing
speed the maximal spindle slewing speed is
998,999,999 rpm.



The workpiece
contour

Generating a
workpiece
contour

Programming
coordinates

Incremental/
absolute
dimensions

Programming workpiece contours

Contour

Workpiece contours programmed with the
TNC 15 TNC 185 consist of the contour elements
straight lines and arcs.

To generate & contour, the control system has to
know the type and location of the individual con-
tour elements. Because the next machining step
Is defined in each program block, it is sufficient
fo

® cnter the coordinates of the next target posi-
tion and

e specify what type of path (straight line, arc or
spiral) the tool will follow to the target point.

The path to a given target point must be speci-
fied before the coordinates of the point can be
programmed.

The path is programmed with one of the con-
touring keys (see naxt page). These keys also
initiate the input dialogue at the same time.

To enter the coordinates of a point in incremen-
tal dimensions, first press the | ] key. The red

signal lamp indicates that the entry is being |
accepted as an incremental dimension.

The | T key acts as a “latch” switch; pressing it
| I——|

agamn switches back 10 absolute dimensions
and the red signai lamp goes out.

Nominal

Actual

P, Actual pesition

P. Nominal position

x|

Yl
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Contouring keys

Cartesian
coordinates

P20

Programming workpiece contours
Contouring keys/Cartesian coordinates

—

=

Linear interpolation L

(“Line”):

The tool moves along a straight path. The
end position of the straight fine is pro-
grammed.

Circular interpolation C

{“Circle”}:

The tooi moves along 2 circular path, or arc.
The end position of the arc is programmed.

Circle centre CC

{also pole for programming polar
coordinates):

Used for programming the circle centre for
circular interpolation or the pole for entering
polar coordinates.

Rounding corners RND

{"Rounding”):

The tool inserts an arc with tangential tran-
sitions between two contours. The radius of
the arc and the contour elements of the
corner to be rounded must be programmed.

Tangential arc CT

(“Circle tangential”):

The tool inserts an arc with a tangential
transition orito the preceding contour ele-
ment. Only the end position of the arc need
be programmed.

Circular interpolation CR

(“Circle radius”):

The tool moves along a circular path. The
circle radius and the end position of the arc
are programmed.

A maximum of three axes can be programmed
with linear interpolation and two axes with circu-
lar interpolation, using the corresponding numeri-
cal values. If the fourth axes is used for a rotary
table axis {A-, B- or C-axis) the controf system
bases the entered values on " {degrees).




Entering
Cartesian
coordinates

Programming workpiece contours

Cartesian coordinates

Dialogue prompti:

COORDINATES ? - 2 @ Selsct axis, e.g. X
v
l_]_'_' Incremental - absolute?
h 4

when all coordinates have been entered: } @

Type numerical value,

Enter next coordinate, e.g. Y,
and third coordinate, if reguired
{rax. 3 &xes).

Press £NT.
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Programming workpiece contours
Polar coordinates/Pole

Pole CC In the polar coordinate system, the reference o
noint for the polar coordinates is the pole. |
The pole must be defined before entering the
poiar coordinates.

There are three ways to define the pole:

® The pole is redefined by Cartesian coordinates.
A CC block is programmed with the coordi-
nates of the machiring plane.

X
¢ The last nominal positicn is used as the pole.
A blank CC block is programmed. The most re- YA
cently programmed coordinates of the program
are then used to define the pole.
X

® The pole has the coordinates programmed
in the last CC block.
The CC block may be omitted Y ‘
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Entering the
pole

Sample display 1

Sampte display 2

Programming workpiece contours
Polar coordinates/Pole

|
]

E

Operating mode o

P 1l
1

|

Dialogue initiation . —

:

~ COORDINATES ? P X Select first axis. e.g, X. |

! Lﬁ‘ '\

J |
I | Incremental — absolute?

v

! Type numerical value. |

h 4 :

< |
|

4 =

If only ane coordinate of the previous nomi- Select second axis, e.q. Y.

nal position changes, the remaining coordi-

nate need not be entered. incremental — absolute?

Type numerical value.

Press ENT.

®

[_

:  The pole has the absoiute X-coordinate 10.000
27 CC X + 10000 1Y + 45.000 and the incremental Y-coordinate 45.000.

' The pole in block 93 has the coordinates
92L X+ 20500 Y-+ 33000 © X 20.50C and Y 33.000.

R F M
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Programming workpiece contours
Polar coordinates

Polar i desired. points can also be defined by polar
coordinates coordinates (polar coordinate radius PR, polar
coordinate angle PA).
Polar coordinates are always hased on a given

pole CC. P{PR,PA)

&
=

Incremental in the case of incremental data entry. the polar

input coordinate radius increases by the programmed
valug. An incremental polar coordinate angle PA
is based on the side of the last angle entered.

Example: The polar coordinates of point P1 are
PR1 {absclute) and PAT {absoiute).

The polar coordinates of peint P2 are PR2 (incre-
mental} and PAZ {incremental). Only the change
in radius for PR2 and the change in angle for
PAZ are entered as numerical values.

Thus point P2 has the absolute vaiues
PR = (PR1 + PR2) and PA = (PAT + PA2).
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Initiating
the dialog

Entering
poiar
coordinates

Programming workpiece contours

Polar coordinates

The P key must be pressed before the ,
N . Ey! contour keys are pressed.

Dialogue prompt:

v
alim s

POLAR COORDINATE RADIUS PR ? 4 E Incremental - absolute?
h 4
e Enter polar cogrdinate radius PR to
L‘ target point.
h.4
@? Press ENT.
POLAR COORDINATE ANGLE PA ? Incremental - absolute?

Enter angle PA to reference axis.

Press ENT.
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Tool radius
compensation

Tool path
compensation

Programming
tool radius
compensation

RO

RR

RL

P26

Programming workpiece contours
Radius compensation — Tool path compensation

For aLtomatic compensation of tool length and
radius - as entered in the TOOL DEF blocks -
the control system has tc know whether the too
will be located to the left or right of the contour,
or directly on the contour, based on the direction
of feed.

If the tool moves with path compensation, ie. if
the cutter axis moves with the programmed too!
radius taken into account, it follows a path run-
ning paratlel to and at a distance from the con- |
tour equal to the tcol radius (equidistant).

The radius compensation is programmed via the

two-way switches and . The red signal

lamp beneath each key indicates how the tool
radius is offset by the control system.

Y Programmed contour

If the tool is to move along the programmed con-
tour, no radius compensation should be active in
the positioning biock. ‘

The red signal lamps under the and [

keys must be off. The RO entry is made with ‘

the key.

if the tool is to move to the right of the pro- [
grammed eontour, offset at a distance equal to

the radius, press the key. The red signa!

larnp shows that the |RT| function is active.
‘ i
The RR entry is then made with the @ key.

If the tool is to move to the teft of the pro-
grammead contour, offset at a distance equal 1o

the radius, press the f_Ri‘ key. The red signal

lamp shows that the function is active.

The RL entry is then made with the @! key.




Programming workpiece contours
Radius compensation

Programming Dialog prompt:
the radius

compensation
TOCOL RADIUS COMP.: RL/RR/NOCOMP.?

\ The tool should travel on the left of the

] i
programmed contour. Sgiect RL

h 4
=

i}
z
)

transfer to memory.

The tool should travel on the right of the
programmed contour.

A 4
Y
+D

Select RR.

i4

=
=
=

transfer to memory.

¢

The tool should travel on the programmed
contour.

transfer to memory.

&

The radius compensation should be taken } .WI Confirm R.

over from the previous block.
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Path
compensation on
internal corners

Path
compensation on
external corners

Contour
intersection
compensation
Mo7
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Programming workpiece contours

Tool path compensation

Adter radius compensation is activated, the con-
trol system automatically computes on internal
corners the intersection 8 of the contour-paral-
fel {eguidistant) path of the cuiter.

This prevents back-cutting on the contour on
internal corners, and resulting damage to the
workpiece.

If radius caompensation has been programmed,
the control system inseris a transition arc
{blend} on external corners, which allows the tool
to “roll” around the corner point.

in most cases. this guides the tool around the
corner at a constant tool path feed rats. if the
programmed feed rate is too high for the transi-
tion arc, the tool path feed rate is reduced (result-
ing In a more precise contour). The limit value is
permanently programmed in the control systern.

The automatic feed rate reduction can be dis-
abled, f required, by programming the zuxiliary
function M0 {see "Feed rate”)

if the tool radius is larger than the contour
shoulder, the transition arc on external corners
can cause damage tc the contour. in this case
the error message

= TOOL RADIUS TOO |LARGE =

is displayed and the corresponding positioning
block is not exacuted. Programming the auxiliary
function M97 prevents the insertion of a transi-
tion arc. The control system computes an additi-
onal contour intersection S and guides the oo
over this point without damaging the contour,

Y|

[ e P o

¥

Transition arc

Error message:
TOOL RADIUS TOO LARGE

IR
[ ’ — T
Programmed Ko Without
contour LS MS7
With
M7




Special cases
with M97

Remeady

Example

Constant feed
rate on corners
M9aQ

Programming workpiece contours

Tool path compensation

Under some circumstances e.g. the intersaction
of a circle with a straight line, the control system
is unable to find a contour intersection with 100l
path compensation using M3S7. The error mes-
sage

= TCGOL RADIUS TOO LARGE =

is displayed when the program is rurn.

An auxiliary positioning block is inserted in the
program that extends the end point of the arc by
the length “0". The control system then performs
a linear interpolation, resulting in the calculation
of the intersection S.

16 CC Circle centre
17 C Arc end point

18 L 1X0.000 IY0.000
" RF | Mo7

19 L Straight line

A straight element with length “0” was pro-
grammed in biock 18
or:

18 L X 0.001 |
~ RF Mg7

A straight element of length 0.001 was pro-
grammed in block 18.

For external corners the TNC normaily reduces the
feed rate, for internal corners the tool stops.

The reduction of the feed rate on comers can be
cancelled with the auxiliary function M0, which,
however, can cause a slight distortion of the
contour. Increased accelleration can also cceur, ie.
the maximum acceleration defined in the machine
parameters can be exceeded.

This auxiliary function depends on the stored
maching parameters {operation with trailing error).
Contact vour machine manufacturer t© determing
whether your control system operates in this way.

y‘ L X 0.000 1Y 0,000

Without
MS0

With
MSG
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Terminating
tool path
compensation

Line mifling
with M98

Example
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Programming workpiece contours

JTool path compensation

Toal path compensation can be ended with

e TOOL CALL

e STOP

e M98

The auxiliary function M98 in the postioning block
for the last point on the contour causes the
respeciive contour element 1o be completely
machined. If an additional contour has been pro-
grammed, as shown in the exampie at the right,
M38 will cause the tool to approach the first
point on the contour with radius compensation
and this contour will also be completely
machined (see "Departure command”).

Another potential apglication for M98: line milling
with downfeed on Z.

L  X+20.000 Y-10.000

RRFI5288 M
L Z-10000

R .F M
L Y+110.000

R F20 Mos
L Z-20000 |

R F15999 M
L Y+110000 |

RL F20 M
L Y-10000 |

R F MO8

Without M98 With M98




‘Notes:

v _ - - -
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Programming workpiece contours
Feed rate F/Auxiliary function M

Feed rate The feed rate F, i e. the traversing speed of the
tool along its path, is programmed i mm/min or
01 inch/min. If a rotary table s used (A- B-or C-
axs) the value 1s entered in degrees {°) per
minute |

The feed rate override, located on the front
panel of the control unit, can be used 1o vary the
fead rate within a range of 0 to 150%

The maximum input values (rapid traverse) for
the feed rate are:

e 155898 mm/mm or

e §£.299/10 inch/min.

The maximum feed rate of the individual machine
axes is determined by the machine manufacturer
via the machine parameters.

Auxiliary function You can program auxiliary {miscellansous) func-
tions that control special machine functions {(e.g.
"Spindle ON") and influence tool contouring char-
acteristics. The auxiliary functions consist of the
address M and a code number.

When programming these functions, it should be
noted that certain M functions are active at the
beginring of a block (e.g. MO3: "Spindle ON -
clockwise), while others {e.g. MOb: "Spindle
STOP") are active at the end of a block

All available M functions are listed on the follow-
ing pages.
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Entering
the feed rate

Entering
an auxiliary
function

Programming workpiece contours
Entering the feed rate
Entering an auxiliary function

Dialogue prompt:

| 1
‘ FEED RATE ? F= 2 Type numerical value.
j b4
‘ @ Press ENT. I
Dialogue prompt:
AUXILIARY FUNCTION M ? } D Type code.
b 4
Press ENT.
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Auxiliary functions M

M functions
affecting
program run

Function :_. o ' Active at block
: ' begin- - end
ning

Swppogmmmn
Spingle STOP. - - | SR oo

: Coolant OFF

MO2

Swppogemn oo T T

Spindle. STOP
Coclant OFF
Retum 10’ blcek R P

Mo3

Spindie ON: caocmsé””?fV R T

MO4

 Spindie ON: counterciocbmse e

.Sp:nd = ST OP
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Auxiliary functions M

Variabie auxiliary Variable auxiliary functions are defined by the
functions machine manufaciurer and explained in the
mackine Operating Manual.

W B CRuncton Adtive at M ] Funetion :Acﬂva.af
: : Block Block K 7 “Blotk - Block
. be- [ end. T s pee o end

ot e Twe .

..
e

coreeses
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Programming workpiece contours

Straight lines

Paraxial If the ool moves, relative 1o the workpiece, along

movement a stra‘ght path, parallel to 2 machine axis, the
movermnent is referred to as paraxial positiomng
or machining.

2D linear If the tool moves along a straight path in one of
interpolation the main planes (XY, YZ, ZX}. the movement is
referred 1o as 2D linear interpolation.

3D tinear If the tool moves relative to the workpiece along

interpolation a straight path, with simultaneous movement of
all three machine axes, the movement is
referred to as 3D linear interpolation.

- Simultaneous movement of
"axes along a straight path 1§
i Gontrol system models TNC 151
“TNG 151 W/INC 155 .

P36
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4" axis =
linear axis

4™ axis =
angular axis

Programming workpiece contours
Linear interpolation with a 4™ axis

in the case of linear interpolation using the 4°
axis &8s a linear axis, the axis, iogether with the
corresponding coardinate data, must be pro-
grammed in each NC block. This aiso applies
gven in cases where the coordinate does not
change from one block to the other. If no 4" axis
is specified, the control system will traverse the
main axes of the machining plane.

Exampie: lingar interpolation with X and V,
tool axis Z.

in the case of linear interpolation using one linear
and one angular axis, the TNC interprets the pro-
grammed feed rate as the tool path feed rate. In
this case, the fead rate is based on the relative
speed between the workpiece and the tool. Thus
the control system computes a feed rate value
for the lingar axis F {L) and a feed rate value for
the angular axis F (W), for each point on the
path:

F-AL
FiL) =

VALY + (AW

AW

Fowy — AW

v ALY + (AW
Key:
F = programmed feed rate
F (L) = linear component of feed rate

{machine shde)
F (W} = angular component (rotary table)
AL = distance traversad by linear axis
AW = distance traversed by angular axis

o CORRECT —
‘ 1 L X+0.000 V+0.000

RR F100 M
12 L X+100.000 V+0.000

R F M
13 L X+150.000 V+70.000

R F M

= INCORRECT =
11 'L X+0.000 V+0.000
RR F100 M
12 L X+100.000
R F M
13 - L X+150000 V4+70.000

R F M




Straight line L

P38

Programming workpiece contours
Straight lines

To move the tool along a straight path from the
starting postion P1 1o the target position P2:
Program the target position P2 {nominal position)
of the straight line. Y “

The nomina! position P2 can be programmed in
either Cartasian or polar coordinates,

e |




Entering
data in
Cartesian
coordinates

Sample display

Programming workpiece contours
Linear interpolation/Cartesian coordinates

Make sure the red signal lamp below: the P

key is off. Press "P" key 10 swztch offif.
necessary.

Operating mode

Dialogue initiation _

o]

M

COORDINATES ?

When all coordinates of the target paesition

have been entered:

Select axis, g X

v
[

Incremental - absolute?

Type numerical value.

. [

|
|
L

v
v Enter next coordinate, s.g. Y and
\i! third coordinate if required
{max. 3 axes).
} Press ENT.

v

‘TOOL RADIUS COMP: RL/RR/NO COMP. ?

Enter radius compensation if
required.

v
6] [k
El

Press ENT.

‘v

FEEDRATE?F—

v
G4

Enter feed rate if required.

Press ENT.

v

Y FNG M 7 e

.
G

Enter auxiliary function if required.

Press ENT.

28 L X+20. 000 IY+49 800

The tocl moves to position X 20.000 (absolute)
and Y 42.800 (incremental). with a radius offset
to the left of the programmaed contour, at a feed
rate of 100 mm/min.

Coolant flow starts at the beginning and the

spindle rotates clockwise.
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Notes:
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Programming workpiece contours

Linear interpolation/Polar coordinates

Entering data
in polar
coordinates

Make sure the fé&-é&éﬁai 5ampbe!ewme"
keyiis.on. Press

Operating mode

Dialogue initiation

P’ key 10 switch oA i neces-

|
J

@

>

hl

POLAR COORDINATES RADIUS PR ?

v

C €]

™
=
=

Incremental — absolute?

Enter polar coordinate radius PR for
end position of straight lins.

Press ENT.

«

v

POLAR COORDINATE ANGLE PA ?

v
<

incremental — absolute?

Enter polar coordinate angle PA for
end position of straight fine.

il

\
{

X

@

Press ENT.

v

TOOL RADIUS COMP.: RL/RR/NO CAMP. >

Define radius compensation if
v required.
Press ENT.

v

FEED RATE ? F=

v
Gl

Enter feed rate if required.

Press ENT.

v

AUXILIARY FUNCTION M ?

A4

] - o X

| | Enter auxiliary function if required.
h. 4

€ Press ENT.

SN

Sample display ’

39 LP PR+35.000 PA+45.000

R F

The tool moves along a straight path to a position
35.000 from the previcusly defined pole CC: the
polar angle is 4b° {absoluta).

Radius compensation and feed rate are deter-
mined by the most recently programmed values.
No auxiliary function

PH



Chamfers

Entry

Program
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Programming workpiece contours

Chamfers

Contour corners produced by the intersaction of
two straight lines can be provided with chamfers.
The angle between the two lines is variable.

The chamfer is programmed with the |27 | key
by specifying the chamfer length L

Chamfers can be inserted only in a main plane
(XY, YZ, ZX). i.e. the positioning block preceding
and following the “chamfer” block must contain
the two cocrdinates of the machining plane. If the
machining plane is not clearly defined (e.g. posi-
tioning block with X ... Y ... Z .. ), the error mes-
sage

= PLANE INCORRECTLY DEFINED =

is displayed.

26 straight line to P1{X, Y)

. 27 L 10.000

;' 28 straight line to P2 (X, Y)




Programming workpiece contours

Chamfers

Entry Operating mode <'>‘
Dialogue initiation EJ
| — |
| COORDINATES ? ’ || Enter chamfer fength L. |
| v
\l @ Prass ENT. i

T A chamier with side iength L= 7.500 is inseried
88 1 7.500 : between the contour elements programmed in
‘ the preceding and subsequent blocks.

Sample display
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Circular
interpolation

Circle
centre CC

Circular path C

Direction of
rotation
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Programming workpiece contours
Circular interpolation/Circular path C

The control system controls two axes simuita-
neously i such a way that the tool, relative o
the workpiece, follows the path of 2 circle or an
arc.

Witk the TNC 151/TNC 155, an arc can be pro-
gramred in four ways:
¢ viz the circle centre and end position using

the i@ and @ Keys,

® vig 1he circle radius and end position using
the g key,

e for arcs with tangential transitions at both ends,
via the ctrcle radius only, using the @ key.

® for arcs joined tangentially to the preceding
comtour vta the end position only, using

Ihe[jlkey

The circle centre CC must be programmed
before tha circutar mterpolation if the latter is pro-

grammed with the key.

Two programming options are available:

# The circle centre CC 15 redefined by Cartesian
coordinates.

® The coordinates programmed in the previous
CC block are applied to the circle centre.

The input dialogue for the circle centre is initiated
with the | fC kay {(see "Pole”).

To move the tool from the actual position P1
along a circular path to the target position P2:
program only P2,

The position P2 can be specified in either Cartas-
ian or oolar coordinates.

The direction of rotation DR for the circular
path must be defined. The direction of rotation
can be either positive DR+ {counterclockwise) or
negative DR— {clockwisea).

:"A compensazed comour cannot ‘be started
- with a ¢ircular-path, Error message: .
.= PATH OFFSET ENCORRECT{.Y STAF?TED =

P -
7 ;
i
N i
I
A -
L R —-
|
y |
A ) 0(_.
) - !
\9 /4 - I
_ |
|
|
x|




Programming workpiece contours
Direction of rotation

Entry Dialogue prompt:

| ROTATION CLOCKWISE: DR~ ? VA

h £

| For clockwise rotation: :@ Specify direction of ratation (-}

\ \

i Press ENT.

|

! For counterclockwise rotation: }7.1. ' Specify direction of rotation (). ‘

‘ = {Press prefix key twice.) |
v '
e |

| 7z
h 4 ‘_
\@' Press ENT. |
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Programming workpiece contours
Circular path C/Cartesian coordinates

Programming Wher programming in Cartesian coordinates., !
a circular path make sure that starting position and target posi- Y “

in Cartesian tton {(new nominal posttion) are located on the

coordinates same circular path, i.e that they are the same

distance from the circle centre CC.
Otherwise, the error message
= CIRCLE END POS INCORRECT = ] /

will be displayed.
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Programming workpiece contours
Circular path C/Cartesian coordinates

Make sure the red signal lamp beneath the
“P" kay is off. Press "P” to switch off if neces-

sary.
Input in Operating mode L
Cartesian s
coordinates Dialogue initiation E
Ve 1
COORDINATES ? ’ \\L Sefect axis, e.g. X
h 4
Tﬂ Incremental — absolute? !
L= |
b 4
|—“ Type numerical vaiue. ;
v " E
fﬁ nter nexi coordingte, 8.g. Y. :
Y E d Y )
After all coordinates of the circle end - }
point have been entered: ’ Press ENT.
ROTATION CLOCKWISE: DR— ? DL Speciy direction of rottion |
h 4 |
_‘ENY? Press ENT. \
L I
TOOL RADIUS COMP: RL/RR/NO COMP.? )[R f’e%if:fe‘/ drad'us compensation if !
Press ENT. |
FEED RATE ? F = 2 Specify feed rate if required.
h 4
@ Press ENT.
AUXILIARY FUNCTION M ? ) E Specify auxiliary functior if required. |
) 4
ENT Press ENT.
Sample display The tocl moves along a circular path, in a posi-
87 C X+30.000 Y+48.000 tive_ direction of rotatjon {counterclockwisel, w;th
radius offset to the right of the contour, 10 pesi-

| The feed rate is defined by the most recently pro-
' grammed value. No auxiliary functicn.

Pa7



Programming workpiece contours
Circular path C/Polar coordinates

Programming If the target position on the arc is programmed in
a circular path polar coordinates, only the polar angle FA (abso- Y ‘
in polar lute or incrementat] is required to define the end
coordinates positicn. The radius is already defined by the

positicn of the tool and programmead circle centre

cc

" When programmmg -3 czrcuta: 'path B
coordinates: the aagie Ph-rnay be gntered
« gither 28 & positive of negative value. The
-angle PA indicstes the end -position i&f
-arc, The direction’ ¢f traverse. DR can also be "
-programmed as 3 positive or hegative vahig:
[Pthe angle PA g specifi ed in sncyemen;al

If the tool is located at the pole or circle centre
before circular interpolation bagins, the error

message
= ANGLE REFERENCE MISSING =

Is disp ayed.

Pasg



Input in
polar
coordinates

Sample display

Programming workpiece contours
Circular path C/Polar coordinates

Make sure the red signal lamp beneath the

“P” key is on. Press “P" 10 switch on if neces-

sary.

Operating mode

Dialogue initiation

153

[

o

POLAR COORDINATE ANGLE PA ? I Incremenia - absoiuts?
h 4 _
] Specify poa- angle =A for crois e
L] get position.
v
| @ Press ENT.
‘ ROTATION CLOCKWISE: DR~ ? /| Specify direction of rotation,
v
= _
| ‘Eil Press ENT.
L
| oL (o= Define radius comaensaton i
: ? s RE :
| TOOL RADIUS COMP. RURR/NO Comp. 7 | RE] [RE Defme «
‘ ENT Press ENT.
i — T
FEED RATE? F= | Specify feed rate I¥ required
h 4
@ Press ENT.
| AUXILLARY FUNCTION M ? ™ Enter auxiiary fancton i requ rac.
! v
.@} Press ENT
The tool moves aicng a oircuiar path In regstve

17 CP PA+60.000

DR—RL F M

directior {clockwisej, with radils cifset. ic e
left of the programmad contour: the aolar a~ga
PA relative to the reference axis is 30°

The feed rate is defined by the most recenty ore-
grammed value. No suxiliary Turcton,
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Circular path CR

End position

Radius

Direction of
rotation

PRD

Programming workpiece contours

Circular path CR

If the centre point of a circular path is not known,
but the radius is specifisd, the circuiar path can

be defined with the  $e| key via

® and position '
e radius and
e direction of rotation

The end position can be programmed in Cartes-
ian coordinates only.

T’ﬂe dsszance between the srart ng point and
erd posmon of zhe Yath shou d not exceeci
2 X R* R :

Two geometrica! sclutions are available for the
circular path described above (see iilustration).
These solutions gepend on the size of the central
angle B:

the smaller arc 1 has a central angie p < 180°,
the larger arc 2 has a central angle B > 180°,

To program the smaller are (B < 180°), enter a
positive radius {the prefix + can be omitted).

To program the larger arc (B > 180°), enter a
negative radius.

The direction of rotation DR indicates whether
the circular path is concave or convex.

In the illustration at the right, DR— produces a
convex contour element, DR+ a concave contour
glement.

——

DR-

y

| X
@] =
Y
LR
. Rel
B<180Y
\\\ /
/
L@ X X
® 2




Input

Programming workpiece contours

Circular path CR

—
Operating mode :@
CR
Dialogue initiation Ll
( COORDINATES ? P X|  Sselectaxs eg X
| hd
E Incremental — absolute?
. Type numerical value.
b4
Y ‘ Enter next coordinate, .3 Y.
v
Incremental — zbsolute?
v
. Type numerical value.
L]
. 4
J@ Press ENT.
‘V
CIRCLE RADIUS ? b Spetify circle radius.
h. 4
i
@ Press ENT.
‘r
ROTATION CLOCKWISE: DR— ? } Wj Specify direction of rotation.
§ h 4
@ Press ENT.
‘7

Gl

TOOL RADIUS COMP.: RL/RR/NO COMP. ? } E

Specify radius compensation if
required.

O]

Press ENT
‘V
FEEDRATE? F= ’ D Specify feed rate if required.
v
Press ENT.
"
AUXILIARY FUNCTION M ? ) Specify auxiliary furction if required.

Press ENT.

P51



Notes

i IR ] Ll ] R
e | | e | BER
- i N S - | “ :
IS i e
. : oy
B N .
! ! | m _
L . _ _ ,. B _
] : T
ﬁ - - e SR
| , B
e - _ .-ﬁ!.&-.
o _ R R TR
; B P i
_ — i e JR ! ﬁ . . . ;
] — i 4 s
i : i . ; .
Lo | B - LI For
) . ! | i
i | _ i
R 1 — SN N S _ .. N . _ Im‘\" -
| i .
S P T
| - : ‘ - o ! o
S : “ ! o
| | » | - R
“ P 7 5 —f— J R |_“||J.|| _ _
| : : { :
-t k R
| ! L
| 4
ﬁ_ s k _|!,|,j.|.‘m
o _ - _ — b [
o i i 1 |

:

B S

P52



Programming workpiece contours
Circular path CR

Sample display I The tool moves along a circular path with a

87 CR X4+30.000 Y+48.000 I‘ radius of 10.000, in a positive direction of rota-
i tion {counterclockwise}, with radius offset tc the
R 10.000 DR+ RR F M right of the programmed contour, 12 position X

30000 and Y 48000
The feed rate 15 defined by the most recenty pro-
grammed value. No auxiliary function.

Radii up to 99 m can be machined if the radius is
detined by Q-parameter programming {no entry
via keyboard).
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Arc with
tangential
connection

Requirements

Input

Geometry
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Programming workpiece contours

Tangential arc

Programming a circular path is simplified consid-
erably If the arc is connected tangentially o the
contour. Only the end position of the arc need
be entered 1o define the arc.

The contour section to which the circular path is
to be connected tangentially should be entered
immeadiately before programming the tangential
arc. 'f the contour section is missing, the follow-
ing error message will be displayed:

= CIRCLE END POS. INCORRECT =

Beth coordinates of the machining plane must be
programmed in the positioning tlock preceding
the tangential arc and in the positioning block for
the tangential arc, otherwise, the errcr message:
= ANGLE REFERENCE MISSING =

will be generated.

The end position of the circular path can be pro-
grammed sither in Cartesian coordinates or in
polar coordinates.

Init:ate the dialogue by pressing the | | key

orE@.

In the case of tangential transition to the contour,
an exact arc is defined by the end position of
the circular path.

Because the arc has a definite radius, a definite
direction of rotation and a definite centre point, it
I$ nat necessary 1o program these data.

|

Vi

>

Yy |
—
~_
7 -
@ -
a Circle :
centre point
~ /
\ i
1
End position |




Input

Sample display

Programming workpiece contours
Tangential arc/Cartesian coordinates

Make sure the red signal famp beneath the
"P" key is off. Press "P” to switch off if neces-
5a7Y. s

3

Operating mode

Dialegue initiation

Rﬁ COORDINATES ? Select axis, e.g. X.
Incremental ~ absclute?

Specify numerical value.

WA=

Enter next coordinate, e g Y.

4=

Incremental — absolute?

4]

Specify numerical value,

[
|
-

i

Press ENT.

TOOL RADIUS COMP.: RL/RR/NO COMP.?  p R*/

Specify radius compensation if

I
a
+X

required. |
h 4 @
@ Press ENT. E
v
FEED RATE ? F = b | Specify feed rate if requived
. 4
@‘ Press ENT.
"

AUXILIARY RJNCTION M ? Specify auxiliary function if required.

h4
@4 |

Press ENT.
L

A full circle cannot be programmied.

l T An arc is connected tangentially to the last pro-

20 CT X+15.800 Y+-35.000 grammed contour section. The coordinates of the
end positicn of the arc are X 15800 and
RF M | Y 35000
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Input in
polar
coordinates

T
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Programming workpiece contours
Tangential arc/Polar coordinates

Indicating the target position in polar coordinates
simplifies the programming of cams, for example. Y [

- Make sure the pole CC s defined béfor
- gramming in polar. coordinates. .

cTP




Programming workpiece contours
Tangential arc/Polar coordinates

Make SUre she red segrai iamp beﬂeath the
“PT key'is on. Press ’P ‘fo swzzch on. n‘ neces~ :

sary
Input Operating mode ;<>
Dialogue initiation P
POLAR COORDINATE RADIUS PR ? ’[ 1 1 incremen:al - absolute?

{ _ Enter polar radius PR for the arc end
L position,
b4
ENT) Press ENT.

~

POLAR COORDINATE ANGLE PA ?

|
o

hd
4~

Incremental - absolute?

Enter polar angle PA for the arc end

L_ position.
h. 4 |
ENT) Press ENT. .
|
~
TOOL RADIUS COMP.: RL/RR/NO COMP. ? } @ rse%eu?gfdradius compensation if
@ Press ENT.
"’
1
FEED RATE ? F= } D Specify feed rate If requi-ad. E
v |
ENT" Press ENT.
‘r

AUXILARY FUNCTION M ?

v
o) [l

Specify auxilary function if required.

Press ENT.

Sampie display
30 CTP PR+35.000 PA+90.000

RF M

An arc s connected tangentially to the last pro-
grammed contour section. The end position of
the circular path is 35.000 from the last defined
pole CC: the polar coordinate angle is 90° {(abso-
lute).

Too radius compensation and feed rate are

defined by the previously programmed values. No
aux liary function.
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Rounding corners
RND

Programming tip

Programming
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Programming workpiece contours

Rounding corners

Contour corrers can be rounded by inserting cir-
cular arcs. The arc biends tangentially into the
preceding and subsequent contour segments.

A rounding radius can be Inserted at any corner
created by the intersecticn of thz following corn-
tour elements:

e straight line - straight line
® straight ling — arc or arc - straight line
® arc - arg

The rounding radius can only be inserted in a
main plane. For this reason, the machining
plane must be the samg in the positioning blocks
preceding and following the RND block. Other-
wise, the following error message will be gene-
rated when the program is run:

= PLANE INCORRECTLY DEFINED =

The rounding radius is programmed immediately
following contour point P1, where the corner is
located.

The rounding radius and, if required, a reduced
feed rate F for milling the rounded corner is
entered.

15 straight line to PLIX,Y)

* 16 RND R 15.000 F80

17 straight line to P2 (X, )




Input

Sample display

Programming workpiece contours

Rounding corners

Contour elernents that are located in the
sarme machining plane must be programmed
before and.after an RND biock and must
include beth cocordinates of the machining

plane. -

Operating mode

Dialogue initiation

Specify radius of corner are.

ROUNDING RADIUS R ? P |
b 4
ENT Press ENT.

FEED RATE ? F = P | Soecy feed rate if recuired
4

il
&)

G

Prasg ENT.

78 RND R 5.000

F20

A corner arc with radius R = B.000 is inserted
between the block programmed praviously and

the one programmed subsequently. The feed
for milling the rounded corner is 20 mm/min.

rate
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Helix

Input
data

Radius
compensation
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Programming workpiece contours

Helical interpolation

In the case of circular interpolation, two axes are
traversed simultanecusly in such a way that a
circle is described In a main plane (XY, YZ, ZX). If
a linear movernent of the third axis {tool axis) is
superimposed on this circular interpolation, the
tool wilt follow a helical {spiral} path.

Tool axis is X. Y. Z or IV axis if the IV axis is
designated as U. V or W.

Helical interpolation can be usec to produce
large-diameter internal and external threads or
lupricating grooves.

Heatacai ;nterpotaﬁon is net ava:labée on.con- _:f

TNC 151 W/TNC 165 w

The helix can be programmed only in polar coor-
dinates.
As in the case of circular interpolation. the circle
centre CC must be defined in advance.
The total angle of rotation of the tool is indicated
as the polar angle PA in degrees:
PA = number of rotations x 360°

Enter PA in incremental dimensions if the angle
of rotation is greater than 360°.
Totar height/depth is entered in response to the
prompt COORDINATES?. The value depends on
the desired pitch.
H=PxA H = total height/depth

P = pitch

A = numbar of turns
The total height/depth can also be entered in
either absolute or incremental dimensions.

The value entered for radius compensation
depends on:

# direction of rotation (CW/CCW)

o type of thread (internai/external)

& machining direction {pos/neq. axis direction)

.~ Starting pesition

Radtus compens.
ion intern. - extern. -

Lefhandthr. . DR=  RR - BL .

Right-hand thr. . DR+ B URR




Programming workpiece contours
Heiical interpolation

Coeg iyl . I

“Make surs the red sigrial farip beneath the

“P” key is-on Press “P" 1o switch on if neces- .

seny. o
) e
input Operating mode ___  _ | =7

Dialogue initiation .

k]
B

POLAR COORDINATE ANGLE PA ?

h4

incrementat — absolute?

4-

Specity total angle of roation in
degrees,

I

|

N | ;

OOORDINATES ? } ’_Zj Select infeed axis.
v |
LI_[ Incremental — absolute? !
v
[ 1 Specify height or dapth. '
H | ——
] h 4
! o) Press ENT
! el ress _ |
‘V
I ROTATION CLOCIKWISE: DR~ ? } Ll Specify direction of rotation.
f@ Press ENT. E
e
_TOOL RADIUS COMP:: RL/RR/INO COMP. 2 B[Rt ] [RE| Specify radius compensation.
h 4
]

FENT) Press ENT.

:

—EEERRTE7 F= S ’\ : Specify feed rate i required.
I v
JENT] Press ENT.
JATJSI?L_IHAEW hJNCﬂOIN M? >| —| Specify auxiliary function if required. .
S '--Jv i
{EnT Press ENT.
Sampie display i/ ' The tool completes two full revelutions, moving
230 CP IPA+720.000 [Z2+6.000 counterclockwise along a helica: path. Tota
s e e : - height is 8 mm: resulting pitch 13 3 mm. The 100
" "DR+ RLF100 M travels with radius offset to the left of the con-
e : lour. producing an internal thread.
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Contour approach and departure

on an arc
Approach and Approzching and departing the contour along an - T
departure on arc-shaped path offers the advamage of a
an arc “smooth” tangential approach and departure.

A smooth approach is programmed with

the m key.

Approach The teol moves to the starting position PS and | j
ther on to the location of the contour to be
machinad.

The positiening block for traverse to point PS
should not contain 2 radius compensation {ie.

RC}.

. : RO
The positioning block for traverse to the first con-
tour position PT must contain a radius compensa- =1

ton {RR or BL).

Based on the data in the RND block, which fol-
lows the positioning block to contour position P1, RL
the control system recognizes that a tangential
approach to the contour is required.

Departure The teol reaches the last contour position P4 and
then moves on to the end position PE.

The positioning block for traverse to P4 must
contain a radius compensation (RR or RL).

The pesitiening block for traverse to point PE
should not contain a radius compensation
(i.e. RO}

Based on the data in the RND block, which fol-
lows the positioning block to the final contour
position P4, the control system recognizes that a
tangential departure from the contour is
required.

PE o~
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Starting position

Programming
an approach

Programrming
a departure

Contour approach and departure

on ah arc

Tre starting position PS must be located in quad- |
rant | 1 or 11 |
The quadrants are formed by the starting direc-
ten {targential direction in the case of an arc) in
P1" and the corresponding perpendicular, which
also intersects PT. The workpiece will he
damaged f the starung paint is located in quad-
rant IV,

P1 — first point on conlour }
P1" = first compensated polnt on contour i
PS = startng position {with RO} |
RND7 = rounding radius for 1. il
RNDZ2 = rounding radius for It], IV

Th " ‘féed rate in ’the RND block is eff
. ,ckmse After the RND block the:
pmgfammed feed rate as actzve agasrz

20 L X+100.000 Y+50.000
RO F 15999

21 L X+65.000 Y+40.000

M13

RR F 50
22 RND R 10.000
E

23 L X+65.000 Y+100.000

30 L X+50.000 Y+65.000

RR F 50 M
31 RND R 15.000
F
32 L X+100.000 Y+85.000
RO F 15999 MO0

Smomng éaiock cem:azmng e zwo: oc :
._;_:»«dmates of the machining pleng must bs pm— .
grammeci before and after arn. RND block. .

Pasitioning block to starting position PS witn RO.

Posmioning block to first contour gosition PT with
radius compensation RR.

Circular path radius for tangential approach.

Positicning block to next contour pasition P2,

Positioning block tc last contour pesition P with
rachus compensation RR.

Circular path radius for tangential departare.

Positioning block or end positton PE with RO.

Caution when entering F 159399! Danger of colli-
sionl

P63



Approach and
departure in a
straight line

Path angle ¢
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Contour approach and departure

in a straight line
Introduction

The tool 13 to approach the staring position PS
and then proceed to the contour After machin-
ing. the tool 1s to depart from the contour and
move to end pesition PE

Approach and departure characteristics depend
on the path angle a. The path angle 15 the angle
formed by the first or last contour element and

the straight-line approach ar departure path. In

general, three vanations ara possible:

¢ Path angle a equals 180°

e Path angle a less than 180°

® Path angle o greater than 180°

Path angle
a equals 180°

Path angle
o less than 1809

Path angie
a greater
than 180°




Contour approach and departure
In a straight line
Path angle a equals 180°

Path angle If path angle o is squal (o 180°, the starling and

a equals 180° end positions are located on straight ine exten-
sions tangential t¢ the first and last comtour direc-
tions. The starting and end positions must be pro-
grammed with radius compensation (RL or

RR}.
Approach The control system movas the tool in a straight
line to the compensated position PSk of the ima- Inta2rpreted
ginary contour position PS and then follows the by control
compensated path to position Plk. system as
’ contour
5\ alement
S

Departure The control system moves the too! from compen-
sated position PS5k of contour position PE to posi-
tion PEk, following the compensated path.

PEK |
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Path angle a
greater than 180°

Approach

Departure
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Contour approach and departure

in a straight line

Path angle a greater than 180°

If ais greater than 180° tha starting and end
positions must be programmed with radius
compensation (Rl or RR). The first and last con-
tour positions are assumed to form an axternal
corner. The control system executas a path com-
pensation on external corners and inserts a tran-
sition arc {blend).

The control system considers starting position PS
10 be the first contour position. The too! moves to
PSk and then to position Pk, following the com-
pensated path.

The control system considers the end position PE
to ba the final contour position. The tool moves
along the compensated path to end position PEK.




Contour approach and departure
in a straight line
Path angle a less than 180°

Path angle If ais less than 180° the starting and end posi- i
a less than 180° tions must be programmed without radius |
compensation, i.e. with RO. PS ard PE are
appreached without path compensation.
!
Approach The control system moves the tool in a straight i
line to the compensated position Pk of contour
position P1.
Departure The control system moves the toot in a straight

line from compensated position Pk of contour
position PS to uncompensated pasition PE.
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Contour approach and departure

In a straight line

Approach command M96 for external corners
Departure command M98

Approach The contour will be damaged if position PS was '
command programmed without radius compensation and
M96 for path angle a is greater than 180°.

external corners With auxiliary function MS86, the starting position |
PS is interpreted as a compensated contour posi- |
ton PSk. The tool moves along the compensated
path 1o position Pk,
The auxiliary function M86 is programmed if the
approach angle a is greater than 180°. M96 is
programmed in the positioning block for P1.

V96 is aiways inr effect # no path compensa-
tion is active at the begm;ng of the program.

incomplete méchihing of the contour will
result if MS6 is programmed aad path angfe :

a is less than 1802, .
Departure If the end position was programmed with radius
command compensation and the departure angle a is
mMSs8 less than 180°, the contour will be incompletaly
machined.

If auxiliary function M38 is programmad in the
positioning block to P, the tool moves directly 1o
point Pk and then to compensated point PEk. The
direction PE - PEk equals the last executed
radius compensation, in this case P - Pk, ;

Terminating path  |f additional positions or contour points were pro-

compensation grarnmed after PE, the reguired radius compensa-

Ma8 tion direction depends on the direction of the
next contour section.

M38 programmed in the positioning block to the
final point on the contour causes the relevant
contour element to be completed and, as shown
inthe example at the right, fraverse with the last
programmed radius compensation to the first
pomt on the next contour,

The auxz!sary funct;on M98 is eﬁectwe on%y :n -
the bleck-in which itis ;}rogrammed nthe
subsequem positioning block, M8 pravents

the ingertich of transifion ares on extemal.
corners and the calculation of path tntersec—
txons on mzema! comers.
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Contour approach and departure

In a straight line

Tool at starting position

Approach command M95 for internal corners

Problems with At the beginning of the program, the tool hap-

approach angies  pens to be at the actual position PS and is 10 |

a less than 180° move to the nominal pesition P with radius com- ‘
pensation.

i-ﬁ: In this case, the controtf system interprets the ran- ;
dom positton PS as the compensated tool posi- 1
tion PSk of an imaginary point on the contour
and pomt Pk cannot be approached due to the
path compensation.

Approach The auxihary function M35 cancels the path com-
command pensation for the first positioning block. The tool
M95 moves without path compensation from position

PS to the compensated contour point Plk.

Awxcliary function MS5 is programmed if the
approach angle a1s less than 18C° M95 is pro-
grammed in the positioning block for P1.

M95 is active only at the begmmng o?’ the
machining program.

“Use the function M88 (sée ”Termmatmg path
compensatton"} to-cancel path compensation
“withirt & machsnmg program blockwise. -

1 MG is programrvied when the approach
angle ais greater than 180" the contour wﬂi ;
bé damaged Dol o S |
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Labeis

Setting a
label
LBL SET

Label number

Calling up a
label
LBL CALL

Label number

Program part
repetition
REP

P70

Subroutines and program part
repetition
Program markers (labels)

When programming, labels (program markers)
with a specified number can be set to mark the
start of a given program part, such as a subrou-
tine.

You can then jump o these program markears
while a program i3 running (e.g. to exscute the
subroutine in guestion}.

RG]
_.._'_ ’__F
v

Cc 0O O O 0o 0o 00 00 0o 0O 00

A label is set by pressing the key.

You may chogse label numbers from 0O to 2b4.
The label number O always marks the end of a o
subroutine (see “Subrouting”), and is therefore a \EEL ’
return jump marker! -

If you enter a label number that has already been
sel somewhere else in the program, the foliowing
error message will appear:

C C 00 0000 C 00 00

= LLABEL NUMBER ALREADY ALLOCATED =

Disiogue is initiated by pressing the |15 | key.

Using LBL CALL,

# subroutines can be calied up, and

e program part repetitions czn be pro-
grammed.

You may call up label numbers from 1 to 2b4.

If you enter the number G, the following error
rnessage will appear:
= JUMP TG LABEL O NOT PERMITTED =

For program part repetition, respond to the
guestion “REPEAT REP” by entering the desirad
number of repetitions.

For calling up a subroutine, respond to the

guestion REP by pressing the \E\ key.




Setting a
label

Sample display

Calling up a
label

Sample display 1

Sample display 2

Subroutines and program part

repetition

|Labels
(o

Operating mode i %
[

Dialogue initiation o {587

| LABEL NUMBER ? bl Spacify label number.
IR i
v !

1 i Press ENT.

o 1 Label number 27 has teen set in block 18,
118 LBL 27

Operating mode

o

O -
ped
T

|

Dialogue initiation

- ]
i LABEL NUMBER ? ’ E Sbecify label number to e called
h A
| e Press ENT.
L o
,,'I
" REPEAT REP ?

If you want to enter a2 program part repeti-
tion:

If you want to enter a subroutine cail:

Specify the number of repetitions

Press ENT.

Gl

’ Press NO ENT.

29 CALL LBL 5 REP 2/2

| A program part will be repeated twice. The num-
ber after the slash indicates the nurnber of repeti-
tions still to be executed in the program run, [t
decreases by 1 after each repetition.

—

218 CALL LBL 27 REP

The subprogram labelled 27 15 called up {machin-
ing is continued at block 118, see above).
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Program part
repetition

Program run

Programmming
errors
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Subroutines and program part

repetition
Program part repetition

Program parts that have already been executed
can be repeated upon completion of the pro-
gram. This is referred to as a program loop or
program part repetition.

The beginning of the program part which is to
be repeated is marked with & label number.
The end of the program part consists of & label
number cail LBL CALL and the programmed
nurnber of program part repetitions REP.

A program part can be repeated up to 65,534
times.

The control system execules the main program
{together with the appropriate program part) up
to the label number call.

Then it jumps to the specified program marker
and the program part 1s repeated.

On the display screen, the number of remaining
repetitions s reduced by 1: REP 2/1.

After another jump, the program part is repeated
a second time.

Cnce all programmed repetitions have been e$<e~
cuted {(display: REP 2/Q), machining with the
main program is resumed.

If no entry is made {if you press the |£E| key) in

response t0 REP (number of repetitions}, you will
create a iocp: the label number call will be
repeated 8 times.

During the program run and in a test run, the fol-
lowing error message will appsar on the display
screen after the 8" repetition:

= EXCESSIVE SUBPROGRAMMING =

OO0 0 O 0 000 00 C 00

PROGRAM
PART

O

cC 0O 00 C 0O O0CO0O0 00

N

l




Subroutines

Program run

Subroutines and program part

repetition
Subroutines

If 2 program pert is reguired again at other points
in the machining program, it can be marked as a
subroutine.

The beginning of the subroutine is marked with
any desired label number. The end of the sub-
program is always designated by label number 0. |

_ § Ehe end Of 1thx=isu= outsne 33 nm marked by

The subroutine is calied up with LBL CALL, and
can be called up at any location in the program,
but not within the same subroutine.

After execution of the subrouting, a return jump is
made to the jump location in the main program,

Q0 0 0 0 0 0 0 00

SUB-
ROUTINE

The controf system exscutes the main program
untll & subroutine is called up (CALL LBL 27 |
REP).

Then it jumps to the program marker which has
been called up.

The subroutine is exacutzd up to label number 0
{end of subroutine).

Then & jJump 1s made back into the main pro-
gram.

The main program continues at the block follow-
ing the subroutine call,

]

A subroutine can only be executed once using a
subroutne calll When calling up a program with
LBL CALL, you must respond to the dialogue

prompt REPEAT REP? by pressmg the |12 likey.

C= gy =°
O == [&]
o = 0
Q O
O £ o]
og_ LBLO =,
] Q
=
O Al LBL27 REPO
=V
Q
(&}
@)
o]
(0]
o]
QO
o \/
o]
o @J




Subroutines and program part
repetition
Nesting

Nesting An additional subroutineg or an additicenal program
part repetition can be called up within a subrou-
ting or a program part repetition. ! — = _' ‘
This procedure is referred to as nesting. O = (BL15 =0
Program parts and subroutines car be nested O 1%
up to 8 times. that is, the nesting level is 8. — -
If the nesting level is exceeded. the following Os LBL17 EO0m
error message will appear:
— EXCESSIVE SUBPROGRAMMING — O o
Ol B repzr O
O O
O Eee——n———--- o
Soewsmmmm= (AL [BL15 REP 1/ ——
O O I

Program run The main program is executed up to the jumpto |
with LBL 17. The program part is repeated twice.
repetition

Then the contrel system continues executing the
main program up to the jump to LBL 15. The pro-

gram part i$ repeated once up to CALL LBL 17 { . N

REP 2/2: the nested program part is again run oy o

twice. Then, the previously pregrammed repeti- 5

tion is continued after CALL LBL 17 _ cir—P— i S S

| B BAtA @ N TR RN

3 | 15 ‘
e < I
0 | em—] N
o | ¢ i

Program run The main program is executed unti] the jump
with sub- command CALL LBL 17.
routines

Ther, the subroutine is executed from LBL 17 to
the next subroutine call CALL LBL 53, etc. The
subroutine nested at the lowest level Is executed
without interruption.

Before the end {LBL Q) of the final subroutine, a
jump is made back to each preceding subroutine,
until subsequently, the main program is reached.

)0 0 0 0 0 Q0
|

H]'E

B

=3

|=n1

1%
YO C 0 0C O0C0C O
o
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Subroutine
within a
subroutine

Repetition of
subroutines

Subroutines and program part

repetition
Nesting

A subroutine cannot be written into an existing
subroutine. Therefore, each subroutine i the
example shown Is only executed up 10 the first
label number 0.

In this case. subrouting 20 should be pro-
grammed at the end of the machining program. It
is separated from the main program by STOP
MOZ,

Subreutine 20 is called up with CALL LBL 20 in
subroutine 19.

It is possible to repeat subroutines with the aid of
nesting.

A subroutine is called up within a program part
repetition. The subroutine call is the only block in
the program part repetition.

It is important to note that in a program run, the
subroutine will be executed cnce more than the
number of programmed repetitions.
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Jump to
another main
program

Program run
example
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Program Jump

The program management feature of the control
system enables you to jJump from one program to
another.

Doing so enables:

e the creation of certain machining cycles (see
“Cycle program call”} in conjunction with para-
meter programming,

or

e the saving of 1ool files.

Jumps are programmed with the Sffﬂ key.

If a program number is entered under which no
program has been saved {e.g. CALL PGM 13).
when you use the jump command to ssiect the
main program, the following error meassage will
appear:

= FGM 13 UNAVAILABLE =

For program calls, no more than four nesting
levels are permitted; that is, the nesting level is 4.

The control system executes program 1 uniil the
program call CALL PGM 28,

A jump is then made to praogram 28.
Program 28 is executed from beginning to enc.
A jump is then made back to program 1

Execution of program 1 is continued fram the
block following the program call,

PGM
CALL

MAIN PROGRAM MAIN PROGRAM




Input

Sample display

Program Jump

Operating mode

PGM
Dialogue initiation CALL
PROGRAM NUMBER ? ; Enter the number of the program to |
. L__.J be called up. i
b4
L:_Nj Press ENT.

87 CALL PGM 28

s A program cali can be_prog;a; med in the
. Same. mianner as-a

_ié,._prowdeci tha‘t

In block 87, program 28 is called up and
oxecuted.
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Parameters

Setting
parameters

Parameter
definition

Parameter
definition
example
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Parameters

Nurerical values in a program [nominal positions,
Tead rates, tool dimansions and entry data for
cycles, software version 03 also tool numbers in
the TOOL-CALL block, spindle slewing speeds and
program marks (label numbers} with conditional
jumps] can be replaced during program entry by a
variable parameter, that is, by a "markar” for
numerical values that are to be entered later or
caiculated by the control systemn,

During program executicn, the control gystem
ther. uses the numerical valua provided by para-
meter definition.

Parameters are dssignated with the letter G and
a number between O and 99. Parameters can
also be entered with a negative sign. Positive
signs do not have to be prograrmmed. Parameters

are enterad (set] by pushing the @ key.

Certain numerical values can be assigned to
parameters either directly or using mathematical
and logical functions.

Parameter definition dialogue is initiated by pres-
sing the key. The FN parameter functions
in the chart are selected using the E or the

E‘ key.

By specifying parameters instead of coordinates
in a hinear interpolation, you can create contours,
e.g. ellipses, that are defined by mathematical
functions. The contour is formed by several indi-
vidual linear sections {see "Ellipse programming
exarnple”).

FN 0: ASSIGN

FN 1: ADDITION

FN 2: SUBTRACTION

FN 3: MULTIPLICATION

FN 4: DIVISION

FN 5: SQUARE ROOT

FN &: SINE

FN 7: COSINE

FN 8: ROOT SUM OF SQUARES
FN 9: IF EQUAL, JUMP

FN 10: IF UNEQUAL, JUMP

FN 11: IF GREATER THAN, JUMP
FN 12: IF LESS THAN, JUMP

FN 13: ANGLE

FN 14: ERROR NUMBER

Q12
Q15

28 X+Q15 y+Q42

R F M




Setting a
parameter

Samplie display

Selecting a
parameter
function

Parameters

Dialogue prompt, ¢. 3.

| COORDINATES ? ’1 Xj Select axis, eq. X. i
| h 4 |
|
! P :
L_CL ress parameter key
| v
Enter parameter number.
Y
A Enter sign if required. =i
EW Press ENT.
i ;
E - e
I Parameter Q13 is the marker for the numerical
27 L X+Q13 Y—0Q2 . valug of the X-coordinate. Parameter Q2 is the
marker for the negative value of the Y-coordinate.
RF , M | For example. Q13 is assigned & value of +40.0C0

and Q2 a value of +19.000. The tool will move 1o
position P (X+40.000/Y—19.000).

. N
Operating mode =
. Q
Dialogue initiation OEF
' 7 T select required paremeter
- ASS 2 | ! | . i
FN O: IGN ’I voor hf_ function. T
!
If the required functior is in the display, e.q.
‘V .
. FN 9: IF EQUAL, JUMP P e press ent |
The first dialogue prompt appears in the dis-

play (see corresponding function for response)
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FN O:
ASSIGN

FN 1:
ADDITION

FN 2:
SUBTRACTION

FN 3:
MULTIPLICATION

FN 4:
DIVISION

FN 5.
SQUARE ROOT

P80

Parameters
Parameter functions

The function FN 0; "ASSIGN™ as3igns erther a
numerical value or ancther parameter to a
certain parameter. Assignment is designated by
&n =" sign

The function FN 1. "ADDITION" defines certain
parameter as the sum of two parameters, two
numerical values, or a parameter and a numerical
valus.

The function FN 2: "SUBTRACTION" defines a
certain parameter as the difference between two
parameters, two numerical values, or a parameter
and a numerical value.

The function FN 3: "MULTIPLICATION" defines a
certain parameter as the product of two para-
meters, two numerical values, or @ parameter and
a numerical value.

The function FN 4: "DIVISION" defines a certain
parameter as the quotient of two parameters,
two numerical values, or a parameter and a
numerical value.

{DN/: abbreviation for division).

The function FN 5: "SQUARE ROQT" defines a
certain parameter as the sguare root of 2 para-
meter or a numerical value.

{SQRT: abbreviaton for square roct).

Q5 = 65.432
Display:

18 FN 0: Q5 = + 65.432

Q17 = Q2 + 5.000
Display:

12FN1:Q17 =+ Q2

T+ + 5.000

Q11 =5.000 — Q34
Display:

94 FN 2: 011 =+ 5.000

- + Q34

Q21 =10Q1 x 60.000
Display:

85 FN 3: 021 =+ Q1

* + 60.000

Q12=02/62
Display:

73N 4:Q12=+02

DIV - +62.000

Q98 =2
Display:

~ 69 FN'5: Q98 = SART + 2.000




Program
input
Example: FN 1

Parameters
Parameter functions

Operating mode _

Dialogue initiation

| FN 1: ADDITION

Press ENT to seiect function

~ g

| PARAMETER NUMBER FOR RESULT ?

Enter parameter number.

| Press ENT
-
. gl
FIRST VALUE/PARAMETER ?
If a value is assigned: ’ \ﬁﬁ‘l Enter value.
v
! Press ENT.

. W a parameter is assigned:

4o

B
=4
=

Press parameter key.

Enter parameter number.

Press ENT.

"

SECOND VALUE/PARAMETER ?

if a value is assigned:

If & parameter is assigned:

hd
@]

’?—

]

L

2 4

Entar value.

Press ENT.

Press parameter key.

Enter paramater number.

Press ENT.
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Trigonometric
functions

Defining
trigonometric
functions

Trigonometric
functions
in a right triangle

FN 6:
Sine

FN 7:
Cosine

P82

Parameters
Parameter functions

Sine and cosine functions establish a mathemati-
cal relationship between an angle and the side
iengths of a right triangle. Trigenometric functions
are programmed with

FN 6 sine, and

FN 7: cosine.

The parameter function FN13: "Angle” calculates
the angle from sine and cosing values {see
“Angle”).

sinag=
length of side opposite _4a
length of hypotenuse (longest side) T c
cos o=
length of side adjacent to b
length of hypotenuse (longest side) Cc

XP=Rxcosa

YP=Rxsina

The function FN &: "Sine” defines a certain para-
meter as the sine of an angle (in degrees {°}).
The angle can be a numerical value or a para-
meter.

The function FN 7: “Cosine” defines a certain
parameter as the cosine of an angle {(in degrees
{°1). The angle can be a numerical value or a
parameter.

a = opposite

side
a

(@Y

{
b - adjacent side

>

Q10 =sin 08

Display:

113 FN 6: 210 =SIN + Q8

Q81 = cos (— O55)

Display:

911 FN 7: Q81 = COS — Q55




Parameters
Parameter functions

Length of a The parameter funciion FN 8: "Root sum of
segment squares” is used to calculate lengths of seg-
ments (sides} in right triangies. Y‘

Accerding to the Pythagorean Theorem:

a’+ b’ —core=va+b*

FN 8: The furction FN 8: "Root sum of squares” defines
Root sum of a certain parameter as the square root of the
squares sum of two squared values or parameters.

(LEN = abbreviation for length).
Q3 =+v/30° + Q45

Display:

56 FN 8: Q3 = + 30.000

LEN + Q45
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If-then
jump

FN 9:
If equal, then
jump {go to}

P84

Parameters
Parameter functions

Parameter functions FN 8 through FN 12 can be
dsed Lo compare a paramaeter with another para-
meter or with a nummerical value

Based on the result of this compartson. a jump
{conditional jump) can be made to certain pro-
aram marker {label}

The equations {or ingquations) are:
o The first parameter Is equal to a value or to a
second parameter, e.g Q1= Q2

& The first parameter is not equal 10 a velue or to
a second parameter, e.g. Q1 % Q2

® The first parameter is greater than a value cr
than a second parameter, e.g. Q1> Q2

e The first parameter is lass than a value or
than a second parameter, e.g. Q1 < Q2

If one of these equations is satisfied. a jump is
made 10 & certain program marker.

If the equation :s not satisfied, the program conti-
nues with the next block.

When programming the function FN 9: "If equal,

jump”, a jump to a program marker is only made
if a cartair parameter is equal to another nara-

meter or to 8 numerical value, then jump o

LBL 30!

equal

unequal

_Hk

greater than

NV

less than

15ifQ=0Q;
NO then jump to LBL 30

=16 ...

LBL 30

f
L.132

If: 02 = 360,
Then jump to LBL 30!

Display:
47 FN 9: IF + Q2

EQU + 360.000 GOTO LBL 30




Input
Exampie FN 9

Parameters
Parameter functions

Operating mode

Dialogue initiation ____ i e
N 9: IF EQUAL, JUMP ’ ‘EN*;E Fress ENT to select function.
FARST VALUE/PARAMETER ? ’ L_Q_I Press parameter key.
h 4
| Enter paramester number.
Er_\l Press ENT.

v

SECOND VALUE/PARAMETER ?

If the parameter set above is 1o be compared

5
with & valueg: ’
w

[m
=
i

If the parameter set above is to be compared } Q!
i with another parameter: ‘
h 4

Enter numerical valus.

Press ENT.

Press parameter key.

Enter parameter numbe-.

Press ENT.

v

LABEL NUMBER 7 | 20

Enter jump marker number.

Press ENT.

The on-screen displays are illustrated on the fol-
lowing page for the corresponding functions.
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FN 10:
If unequal,
jump (go to}

FN 11:
If greater than,
jump (go to}

FN 12:
If less than,
jump {(go to)

P86

Parameters
Parameter functions

When programming the function FN 10: “If un-
equal, Jump”, & Jump to a program marker is only
macle if & certain parameter is unequal to an-
other parameter or to a numerical vatue.

(NE = abbreviation for not equal).

When programming the function FN 11: “If greater
than, jurmp”, a jump to a program marker is only
made if a certain pararmeter is greater than an-
other parametar or to a numerical value.

(BT = abbreviation for greater than).

When programming the function FN 12: “If less
than, jJump”, a jJump to a program marker is only
made if a certain parameter is less than ancther
parameter or 10 & numerical value.

(LT == abbreviation for less than).

If Q3 = Q10,
then jump to LBL 2!

Display:
38 FN10: IF + O3

NE + Q10 GOTO LBL 2

If Q8 > 360,
then jump to label 17!

Dispiay:

28FN11: IF + O8

GT + 360.000 -GOTO LBL 17

If Q6 < Q5,
then jump to LBL 3!

Display:
24 FN12:IF + Q6

LT +Q5 GOTOLBL 3




Angles from
trigonometric
functions

Angle of
lines in a
right
triangle

FN 13:
Angie

Parameters
Parameter functions

If the valug of the triganometric function sin a is

known, there are always two angles that can

satisfy the comparison.

Exampla: sin a= 05 a, = 30°
a, = 150°

The second trigonometric function cos a 1s need-
ed to determine a. If the value of cos a is also
known, then there is a plain solution for:

sina =+ 045

cos a= + (.866 a=+ 30°
accordingly:

sing =+ 05

cos a = — 0.866 a=+ 1B0°

The control system calculates the angle a using
the tangent function

sin «
tan g = , and therefore
cos @
na
arc tan =
cos a

in place of the angle functions sin a and cas a,
the legs of a right triangle can also be used for
angle determmnation. The legs of the right triangle
correspond to the angle functions sin a and cos a
multiplied with the length R of the hypotenuse.

The function FN 13: "Angle” assigns an angle to
& parameter using the values from the sine and
cosing functions.

In place of the angle functions the legs of a right
triangle can also be enterad.

_ vaiue O is: entefec for cos g the- aoazroi -

e O'are entered ihe ioﬂowmg'error
message will appear: S
e AR?THMETC ERROR= "

YA

Q |
o
[
‘0
T
-
Recos a _ X
I
sina=+ 0.5

cos a = + 0.866
Display:

25FN 13: Q@11 =+ 05

ANG + 0.866

k=10 M xsina=+5
10 x cos a = + 8.660

Display:
_25 FN13:Q11=4+5

ANG + 8.660
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Geometry

Parameter
definition

P88

Parameters
Parameter programming
(Example)

Frogramming with parameters will be demaon-
strated using an ellipse as an example.

The ellipse i1s described according 1o the follow-
ing shape (mathematical parametar shape of the
eilipse):

X=axcosa
y=Dbxsinda

This means that evary angle a has both an X-
coordinate and a Y-coordinate.

If you begin at @ = 0° and increase a in small
incraments to 360° vou will get a large number
of points on an ellipse. A closed contour is
formed when these points are connected by
straight lines.

b/ P
a a

X=axcosa
y=b xsina

a, b: semiaxes of the ellipses

The program essentially consists of four parts:

® parameter definition,

e positioning (linear interpolation) for milling the
eliipse,

® increasing the angular increment

® paramster comparison and continued program
execution until the ellipse is complete.

The following are defined as parameters:
e Angular increment Q20: the angle should

increase in increments of 290 020 =+ 2.000
o Starting angle Q21: the first point on the con-
tour has an angle of 0% Q21 = (0000

¢ Semiaxis in X-direction 023:Q023 = +50.000

¢ Semiaxis in Y-direction 022:0Q22 = +30.000

¢ X-coordinate Q25: the numerical value of the
X-cocrdinate is assigned to parameter 025,

& Y-coordinate Q24: the numerical value of the
Y-coordinate is assigned to parameter 024

Paremetars Q25 and Q24 are defined according

P (XQ25, YQ24)

to the above formula:

(X) Q25 = Q23 % cos 021;

(Y) 024 = Q22 % sin Q21. 1

Both comparisons must be rewritten because
they cannot be entered in this form, therefore:

first: 014 = sin 021
015 = cos Q21
then: Q24 =014 % Q22

025 =0Q15 % Q23

020 =+ 2.000
Q21 =+ 0.000
Q22 = + 30.000
Q23 = + 50.000

Q14=SIN + Q21
Q15 = COS + Q21
Q24 =+ Q14 % + Q22
i 025=+015% + 023




Positioning block

increasing the

Parameters

Parameter programming

(Example)

Milling of the eilipse is programmed in this block
with lingar interpolation.

New angle Q21 =

angular increment previous angle Q21 + angular increment 020

Parameter
comparison and
program
repetition

Program repetition requires that a jump marker
(label) must be set prior 1o parameter definition
for Q14 and Q15: LBL 1.

The follewing reguirements must be met for pro-
gram repetition:

If the angle Q21 1is less than 360,1° (the angle
must be larger then 360° but less than 360° +
angular increment), then jump (GOTO) LBL 1.

IF+ Q21
LT + 360.100 GOTO LBL 1

[ Q20 =+ 2.000

Q21 = 0000
QZ2 =+ 30000
Q23 = + 50.000

0714 =3SIN - Q21
Q1% = COS + 021
Q24 =+ Q14 % - Q22
Q26 =+ 015 * + 23 i

L X+025 Y+ Q24
RR F200 M

| 020=+ 2000
Q21 =+ 0.000
022 = + 30000
023 = + 50000

Q14 =SIN + Q21
015 = COS ~ Q21
Q24 =+ Q14 % + 022
Q25 =+ 015 % « Q23

L X+ Q26 Y+ Q24
RR F200 WM

Q21 =+ Q21+ + Q20 - |

| 020=+ 2000
i 021 =+ 0000
! Q22 = + 30.000
023 = + 50,000
T S
Q14 =SIN + Q2

Q15 = COS + Q21
024 =+ Q14 % - Q22
Q26=+ Q15 % - 022 |

L X+ Q26 Y+ Q24
RR F200 M

Q21 =+ Q21 + + Q2C
| ET+360.100 GOTO'LBL 1.

1
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FN 14:
Error
number

Q108
Tool
radius

Q109

Tool axis
{Beginning
with software
version 02)

P90

Parameters
Special functions

The parameter function FN 14: “Error number” is
used 1o call up error messages and diglogue
from the PLC-Eprom. You call up by entering an
error number from O to 489,

The messages are allocated as follows:

Error On-screen display
number

0...299 ERROR G .. ERROR 289

300 ... 392 PLC ERROR 01 ... PLC ERRCR 99
{or dialogue specified by machine
too! manufacturer)

400 . . 499 Dralogue O ... 99 for user cycles

The control system stores the radius of the most
recently activated tooi under parameter Q108.

The radius can then be used for parameter calcu-
lations and comparisons.

Vatious machines have the X-, Y- ar Z-axis
optionally as tool axis. With these machines it is
advantagecus to be able to exiract the current
tool axis in the processing program:; in this way,
for example, program branches are possidle with
manufacturer cycles.

The control sets the current tool axis under the
parameter Q109.

Current toc] axis Parameter

no tool axis is cailed Q109 = -1
X-axis is called ’ Q109 = ¢
Y-axis is called Q109 = 1
Z-axis is called Q109 = 2
W-axis is called Qig9 = 3

Display:

28 FN 14: ERROR = 100

112 TOOL DEF 31 L=0700
R = 5.000
113 TOOL CALL 31 2

S + 112.000

Q108=5,000
5,000




Q1o

Spindle on/off
{Beginning
with software
version 03)

QM

Coolant on/off
{Beginning

with software
version 03)

anz

Overlap factor
{Beginning

with software
version 03)

Q13
mm/inch
measures
{Beginning
with software
version 03)

Parameters
Special functions

The parameter G110 indicates the last M-function
issued for the spindle direction of rotation.

M-function Parameter
no M-function Q110 = -1
MO3
{(spindle-on clockwise) Q110= 0
MO4
{spindle-on counterciockwise) Q110 = 1
MG5,
in case MO3 was issued earlier Q110= 2
MOS5,
in case M0O4 was issued earlier Q11o= 3

The parameter QM1 indicates whether the coolant
has been switched on or off.

It means:
MO8 coolant switched on Q111 =1
MOS coolant switched off Q111 =0

The program parameter Q112 contains the entry
vaiue of the pocket milling overlap factor (machine
parameter 93). The overlap factor entered for
pocket milling can be applied in Q parameter pro-
grams,

The parameter Q113 indicates whether the NC-
program is in mm or inches.

It means:
in mm Q113=0
in inches Q113 =1
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Transferring
parameters to
PLC-NC

Compensating
for thermal
displacement

Example

Pa2

Parameters
Special functions

TNC 151 B/Q and TNC 1585 B/Q controt systemns
can transfer Q-parameter values from an integrat-
ed PLC to an NC program. Parameters Q100 to
Q107 are used for transferring values.

A possible application is compensating for the
effects of temperature on the machine.

During periods of extended machine use, thermal
displacement of the maching and the workpiece
effects machining precision. Devices that meas-
ure thermal displacement transfer compensation
values to the control systam to remedy the situa-
tion. These values can be used in a machining
program, e.g. 1o shift the datum. This type of
measuring device is available from Firma Testo-
term in 7825 Lenzkirch/Schwarzwald in the Fed-
eral Republic of Germany.

Thermal expansion of the machine should be off-
set with a datum shift,

Thermal compensation values for the machine
axes are stored under parameter numbers Q100
{X-axis) and Q101 {Y-axis} and Q102 {Z-axis). The
control system reguests compensation values via
an M-function determined by the manufacturer
{e.0. M70).

Your machine tool manufacturer can tell you if
your machine is capable of transferring parame-
ters from an integrated PLC.

llllhlllLll!lHlL]HllllHi

Axis slide

[RETREIN| I

ol

Axis slide

Thermal expansion

g6
86
87

88

CyCL
CYCL
cycL

CYCL

R F

DEF 70
DEF 7.1
DEF 72
DEF 7.3

M70
DATUM
X+ Q100
Y + 1

Z + Q102




Parameters
Special functions

as of software version 07:

FN 15:
PRINT

Parameters for
programmable
touch probe
function:
Q115... QN8

with the parameter function FN 15: PRINT currant
values of O parameters can be output via the
V.24 interface. A maximum of six parameters can
be indicated depending on the PRINT command.

Ingtead of Q-Parameters, numerical values be-
tween 0 and 200 can also be entered.

These numbers call error messages and dialog
texts that are stored in the PLC-EPROM or the
ASClH sign ETX. The aflocation of numerical values
10 the texts is as follows:

Numerical value Qutput via the V.24

—
Display:

29 FN 15: PRINT Q1/Q02/03/Q4/05/Q6

Display:

120 FN 15: PRINT 12/18 8/4/10/55

interface

0. .99 stored error messages in
the PLC

100 ... 199 Texts/Dialogs for the user
cycles

200 “ETK

The parameters Q116 to Q118 contain the meas-
ured values that have been determined via the
programmable touch probe functien “workpiece
surface as reference surface”™

ons measured value X axis
ane measured value Y axis
anz measured value Z axis
Q118 measurad value 4" axis
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Canned cycles

Cycle
definition

Available cycles

Manufacturer's
cycles

Cycle
call

P94

Canned cycles
Introduction

In order to simplfy and speed up programming.
frequantly re-occurring machining procedures
and cenain coordinate transformations can be
pre-programmed in the form of fixed or “canned”
cycles. Examples are the milling of pockets or
zero point oftsets.

Other pregrams can also be called up via oycles.

Through cycle definition, the control system
receives the data negessary 10 execute the cyclg,
e.g. the side length of the pocket stc.

The dialogue for cvcle definition is initiated by
pressing the S5 key. The cycle is then selected

with the _J,—| ane 4 keys, or (beginning with
software version 02 with |G?:" and the cycle

number.

Cycles 110 6 and 14 t¢ 16 are machining cy-
cles, i e they are used to carry out machining
procedures on a waorkpiece. Cycle 9 can be used
to program a dwell time and cycle 12 to call up a
program. A specified spindle orientation can be
programmed with cycle 13 {optional). The remain-
ing cycles are used for various coordinate trans-
forrnations.

g

Additional cycles can be stored at cycle numbers
68 to 99. Contact your maching-tocl manufactur-
ar or supplier for information.

A cycle call in a program causes the previcusly

defined machining cycle to be run.

Cocrdinate transformations, dwell time and

ihe contour cycle do not require a separatsly

programmed cycle call, they are active immedia-

tely following cycle definition.

Three programming options are available for cal-

ling a cycie:

e vig a CYCL CALL block,

® via auxiliary function M39,

® via auxihary function M8% (depending on speaci-
fied machine parameters).

A call via M8% is modal, meaning that the pre-

viously defined machining cycle is called up in

each subsequent positioning block.

M89 is cancelled or deleted by entering M98 or

by a CYCL CALL block.

CYCL DEF 1 Peck drilling
CYCL DEF 2 Tapping
CYCL DEF 3 Slot milling
CyCL DEF 4 Pocket milling

| CYCL DEF b Circular pocket

CYCL DEF 7 Datum shift
CyCL DEF 8 Mirror image I
CYCL DEF 10 Rotation I

: CvCL DEF 11 Scaling factor

CYCL DEF S Dwell
CYCL DEF 12 Program call

Machining
cycles

Coordinate
transforrmation

CYCL DEF 13 Spindle orientation {optional)

CyCL DEF & Roughing out
CYCL DEF 14 Contour

CYCL DEF 15 Pre-drilling |
CYCL DEF 16 Contour milling

Cycles for
machining
pockets with
varnous
contours




Canned cycles
Cycle definition
Cycle call

Defining a Operating mode - L
cycle fves
Dialogue initiation . {DeF |
f @
CYCL DEF 1 PECKING
‘ Look for cycle name }(& [ ?,_
i Select cycle via cycle number } VT with GOTO
" | Enter cycle number.
v
HENT Transfer to memory.
If the desired cycle is in the display e.g.
CYCL DEF 4 POCKET MILLING P& transfer cycle. }
|
The first dialog promgt for the cycle selected ‘
appears on the display. |
{For the correct respanse see the aycle i
definition \
Calling Operating mode o=

a cycle

Dialogue injtiation

t AUXILIARY FUNCTION M ? : ’ E Specify auxiliary function if required. |
i .
! ‘
En) Press ENT. I
J
Sample display [
! 95 CYCL CALL The last defined cycle is called.
MO03 The spindle rotates clockwise.
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Canned cycles
Machining cycles
Preparations

Requirements The following functions must be programmed
before a cycle is calied:

¢ tool call: to define spindle axis and spindle
speed,

& auxiliary function: 1o indicate the direction
of spindle rotation,

» positioning block for starting position: for
the machining cycle,

Error If no tool eall is specified, the error message
messages = TOCL CALL MISSING =
is displayed.

If no spindle direction is specified, the error

message
= SPINDLE ROTATES MISSING =
is displayed.

Dimensions Tool-axis dimensions in cycle definition are always
based on the starting position of the tool and
interpreted as incremental dimensions.

[t is not necessary 1o press the m key.

Machining cycles {in contrast to'cydles T
coordinate transformation)
cailed up for.execution.

P96

TOOL CALL

DIRECTION OF
ROTATION

POSITIONING BLOCK




Canned cycles
Coordinate transformation

General A coordinate transformation modifies the coor- !
information dinate systemn defined by the "Workpiece datum”™ |
function. These cycles are active immediately ‘
after definition and do not have to be called '
separately. \ T
:
| !
t
Rotation of
~ coordinate
‘ 4 system
E:)am”s'hiﬁl
el
Cancelling a Coordinate transformations rernain in effect until
cycle cancelled. This is done by defining a new cycle,

in which the onginal condition is programmed, by
programming the auxiliary function MO2, M30 or
via the last block

END PGM ... MM {depending on spacified
maching parametars).

Pa7



Canned cycles
Peck drilling

Input data Set-up clearance: safety clearance between
toof tip (at starting position) and workpiece sur-
face.

Prefix sign: +Z G
® In positive axis direction + | (+Y)
® in negative axix direction — :

Total hole depth: distance betwean workpiece
surface and bottom of hole (tip of drill taper).

See “Set-up clearance” for sign.
) ‘ ‘ Starting position / Set-up clearance
Pecking depth: infeed per cut, i.e. the amount il 7 A

by which the tool advances for each cut &éé{;ﬁ(tﬂgﬁ i
/d Do ;Total hole/
1

See "Set-up clearance” for sign. /

Dwell time: amount of time the tocl remains at
the toal hole depth for chip breaking.

Feed rate: traversing speed of tool during
machining operations.

Procedure Fror its starting position, the tool penetrates ;
the workpiece to the first pecking depth,
acdlvancing at the programmed feed rate. Upon
reaching the first pecking depth, the tool is
retracted at rapid rate to its starfing position and
again advanced to the first pecking depth, taking
the advanced stop distance into account.

) Szpidrate

m Feed rale

The tool then advances at the programmed feed
rate tc the next pecking depth, returns to the
starting positicn etc.

The alternating drilling and retracting procedure
is repeated untif the programmed total hole
depth is reached. At the end of the cyele, after
the programmed dwell, the tool returns at rapid
rate t¢ the starting position.

Advanced The advanced stop distance t is computed auto-
stop distance maticaliy by the centrol system:
e At a total hole depth of up to 30 mm:
t= 0.6 mm;

e At a total hole depth exceeding 30 mm, the fol-
lowing equation applies:
t = total hols depth/50; however, the maximum
advanced stop distance is limited to 7 mm:
tos = 7 MMM

rmax
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Cycle
definition

Operating mode

Dialogue initiation

Canned cycles
Peck drilling

o (1116

CYCL DEF 1 PECKING } Press ENT.
v
SET-UP CLEARANCE ? I Specify set-up clearance.
v
+A with correct sign.
h 4
Press ENT.
v
TOTAL HOLE DEPTH ? b | Specify hole depth,
h 4
VA with correct sign.
h 4
Press ENT.
v

PECKING DEPTH ?

.4
G b

Specify infeed per cut.

with correct sign.

Press ENT.
DWELL TYME IN SECONDS ? Pl Specify dwell at hole bottom.
v
Press ENT.
FEED RATE ? F = ’ Specify feed rate for pecking.

e

Press ENT.

pag



Remarks

l*.FaTal

e The total hole length can be programmed equal

to the peckmg depth. The tcol then travels to
the arogrammed depth in one operation {e.g.
when centering).

The total hole depth nesd not be a multiple of
the pecking depth; in the final feed step only
the remainder of the distance to the total hole
depth is rmachined.

The pecking depth can mistakenly (e.g.
through a typing error) be entered as greater
than the total hole depth. The control will in no
case drill deeper than the programmed total
hole depth.




Sampie display

Canned cycles
Peck drilling

I

110 CYCL DEF 1.0 PECKING

111 CYCL DEF 1.1 SET-UP —2.000
112 CYCL. DEF 1.2 DEPTH —30.000
13 CYCL DEF 1.3 PECKG —12.000
114 CYCL DEF 1.4 DWELL 1.000

115 CYCL DEF 1.5 F 80

Cycle definition "Pecking” occupies 6 program

blocks.

Safety clearance
Total hoie depth
Pecking depth
Dwvell

Feed rate
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Cycle

Input data

Procedure

>MN"

Canned cycles
Tapping

A floating tap holder is required for tapping. It
must be able to offset the tolerances between
feed rate and spindle speed. as well as spindle
deceleration once the position has been reached.

Whan a cycle 1s called. spindie speed override
is inactive, the feed rate override is active only
within a limited range. The limits are deter-
mined by the machine parameters defined by the
machine manufacturer.

Set-up clearance: (see Cycie 1)
{guide value: approx. 4 x thread pitch}

Total hole depth {= thread length): distance
betwean workpiece surface and end of thread.
See "Set-up clearance” for sign.

Dwell time: period of ime between reversal of
spindle rotation and retracticn of the tool.

Feed rate: traversing speed of the tool for thread
cutting.

The thread is cut in a single cperation. Once the
to0l reaches the total hole depth, spindle rots-
tion is reversed after a period of time specified in
the machine parameters. At the end of the pro-
grarnmed dwell time, the tooi is retracted to the
starting position.

Set-up
 Clearance
/ 77
17 Total hole depth

Spindle é
34 rotation

:> Feed rate




Canned cycles
Tapping

Cycle Operating mode \@

definition _ _ Eyﬂ ’ﬂ |—-;
Dialogue initiation R Y or LS oA

CYCLE DEF 2 TAPPING } Prass ENT.
v

SET-UP CLEARANCE ? ’ D Specify set-up ciearance.
b, 4
]"’/_ with correct sign.
h 4
Press ENT.

TOTAL HOLE DEPTH ? Pl | Speciy thread depth
v
""L/_d! with correct sign.
h.4
@ Press ENT.

v
DWE Specify dwell between spindle rever-
LL TIME IN SECONDS ? ’D sal and spindle retraction.

.4
Press ENT.

FEED RATE ? F= ’ D Enter calculated feed rate.
h 4
Press ENT.

Sample display

80 CYCL DEF 2.0 TAPPING gl\éccrlezsdefinition “Tapping” occupies b program

81 CYCL DEF 2.1 SET-UP —2.000 Set-up clearance

82 CYCL DEF 2.2 DEPTH —30.000 Thread depth

83 CYCL DEF 2.3 DWELL 0.000 Cwell time

84 CYCL DEF 2.4 F160 Feed rate

[=4 Faje]



Cycle

Input data

Starting position

Contour approach
with a linear
interpolation
block

Canned cycles
Slot milling

“Slot milling™ is a combined roughing/finishing
cycle.

The slot is parallel to an axis of the current coor-
dinate system. The coordinate system may have
10 e rotated accordingly (see cycle 10: “Rotating
the ceoordinate system”).

Set-up clearance: see cycle 1.

Milling depth (= slot depth}: distance be-
tween workpiece surface and bottorn of slot.
See "Set-up clearance” for sign.

Pecking depth: amount by which tool pene-

trates workpiace. Seg "Set-up clearance” for sign.

Feed rate for vertical feed: traversing spead of
tool when penetrating workpiece.

1 side length: length of slot {finished size).
The programmed sign must correspond to the
milling direction:

To mill from the starting position in the positive
axis direction: positive sign.

To mill frem the starting position in the negative
axis direction: negative sign.

2" side length: width of slot (finished size}.
The sign is always positive.

Feed rate: traversing speec of the tool in the
machining plane.

The starting position for the "Slot miliing” cycle
must be approached accurately, taking the tool
radius into account.

The slot conteur is approached at right angles to
the longitudinal, with radius compensation RL/RR
and auxiliary function M98,

Starting #

position

Set-up clearance
a

Miiling
depth

%
/]

2::(1
side
length




Canned cycles
Slot milling

Contour approach The slot contour is approached in the longitudinal f !
with paraxial direction with radius compensation R—/R+. Y‘ :
positioning
blocks

Procedure Roughing: The cutter penetrates the workpiece '
from the starting position and mils the slot in
the longitudinal direction. After vertical feed at
the end of the slot. milling is resumed in the
opposite direction.

The procedure is repeated until the programmed
milling depth is reached.

Roughing

Feed rate
Vertical feed

E:> Feed rate
Milling

Procedure Finishing: The control system advances the cut-
ter laterally, at the bottom of the slot, by the L.
armount of the remaining finishing cut and Finishing
machinas the contour with down-cut milling. ,
The tool then returns at rapid rate 1o the set-up
clearance. If the number of infeeds was odd, the
cutter moves along the slot to the starting posi-
tion, maintaining the set-up clearance.

mMos
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Cycle

definition

Canned cycles
Slot milling

Operating mode

Dialogue initiation

CYCL DEF 3 SLOT MILLING 2 @ Press ENT.
v
SET-UP CLEARANCE ? ’ D Specify set-up clearance.
v
'*7_' with correct sign.
h 4
@ Prass ENT.
v

MILLING DEPTH ?

v
i

@4

Specify milling depth.

with correct sign.

Press ENT.

PECKING DEPTH ?

L]

Specify infeed per cut.

Hz_ with correct sign.
h 4
Press ENT,

FEED RATE FOR PECKING ? } l:l Specify feed rate for vertical feed.
b 4
Press ENT.

v

ARST SIDE LENGTH ? } gpgec)i(fy lengitudinal axis of siot,
h 4
D Specify length of slot.
b
@ with correct sign.
h 4
@ Press ENT.

M7
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Canned cycles

Slot milling
. SECOND SIDE LENGTH ? p Vv Specify ax.s for s.07 widt~ € o, Y.
| v ;
‘ | Enter wicth of slerwitn zosithve 520 ,
v
’/A\ — —_ H
&N Press SNT. i
|
v
' FEED RATE? F= } Specify feed rate for a0t miing
| h 4
@ Press ENT. |
Enzer set—u;:s c!earaﬁce mxl ingdesth and :
“infeed per. cut {peckmg depth} thh the same
szgn FLE
Sample display L o o _
100 CYCL DEF 3.0 SLOT MILLING : ;‘\é(éfsdef\n\tion Sict miling” cccupes 7 crogram
101 CYCL DEF 3.1 SET-UP ~2.000 | Sel-up clearance
102 CYCL DEF 3.2 DEPTH —40.000 Milling depth
| 103 CYCL DEF 3.3 PECKING —20.000 | Infeec per out
| :
F 80 Feed rate for vertical fazd

104 CYCL DEF 34 X —120.000 Length cf slot

105 CYCL DEF 3.5 Y +21.000 © Width of slot

106 CYCL DEF 3.6 F 100 ! Feadrate

P10%



Cycle

Input
data

Start position

Procedure

Canned cycles
Pocket milling

The machining cycle "Pocket milling™ is a rough-
ing cycle.

The sides of the pockets are parallel to the axes
of the current coordinate system. The coordinates
system may have to be rotated accordingly (see
cycle 10: "Rotating the coordinate system”).

Set-up clearance: see cycle 1.

Milling depth (= pocket depth): distance be-
tween workpiece surface and pocket bottom.
See “Set-up clearance” for sign.

Pecking depth: infeed per cut. i.e amount by
which tool penetrates workpiece. See “Set-up
clearance” for sign.

Feed rate for vertical feed: traversing speed of
1ol when penetrating workpiece.

1* side length: length of pocket parallel 1o first
main axis of machining plane. Sign is always
positive.

2" side length: width of pocket. The sign is
also positive.

Feed rate: traversing speed of ool in machining

plane.

Rotation: Direction of rotation of cutter path:

DR+: positive rotation (counterclockwise),
down-cut milling;

DR negative rotation {clockwise), up-cut
milling

The start position must be approached in a
previous positioning block without radius compen-
sation.

The tool penetrates the workpiece from the
starting position (pocket centrs) and then fol-
lows the path indicated. The starting direction of
the cutter path is the positive axis direction of the
longer side, i.e. if this side is parallel to the X-axis,
the cutter starts off in the positive X-direction.
When milling square pockets, the cutter will
always start in the positive Y-direction.

Starfing position 7~ Set-up

i clearance
Ve /

Milling -“-/'
depth

DR+

Starting
position

1" side length

e

) Raoid rate
|:> Feec rate

for vertical
feed




Canned cycles
Pocket milling

Procedure The direction of rotation depends on the pro- [
grammed rotation (in this case DR+) The maxi- ::> Feed
mum stepover is k.

The procedure is repeated until the programmed
milling depth is reached; the tool then returns
to the starting position.

Stepover The control system calculates the stepover factor
k sccording 1o the following equation:

k=KxR

k: stepover

K: overlap factor determined by machine manu-
facturer {depends on specified machine
parameters)

R: cutter radius

P11
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Cycle

definition

Canned cycles
Pocket milling

Operating mode

Dialogue initiation

7 [¢]

l

« [EI 4] E

CYCL DEF 4 POCKET MILLING

v
©

Press ENT to select cycie.

“V

—
SET-UP CLEARANCE ?

BT

Specity set-up clearance.

with correct sign.

Press ENT.

~gp

MILLING DEPTH ?

DG

Specify milling depth.

with correct sign.

Press ENT.
~
PECKING DEPTH ? } D Specify infeed per cut.
h.4
J\Z_J with correct sign.
b 4
ENT Prags ENT,
.
FEED RATE FOR PECKING ? P ] specity rate of vertical feed,
h 4
Press ENT.
ARST SIDE LENGTH ? PIx]  Enteraxisofsideteg x
Specify first side length with positive
D sign.
w
@ Press ENT.
SECOND SIDE LENGTH ? 3 (Y,  Emeraxisofside2.e9Y.
Specify second side length with
D positive sign.
h 4
@ Press ENT.

"
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Canned cycles
Pocket milling

"
| N !
; 1 |
' FEEDRATE? F= P Specify feed rate for miling pocket,
} h. 4 ﬁ
€  ress ENT |
"
ROTATION CLOCKWISE: DR— ? L Specify rotation for cutter path.
‘ i
&) Press ENT. |
Sample display o o .
250 CYCL DEF 4.0 POCKET MILLING Cycle dsfinition "Pocket milling™ occupies 7 pro-
gram blocks.
i 251 CYCL DEF 4.1 SET-UP —2.000 Set-up clearance
252 CYCL DEF 4.2 DEPTH -30.000 Milling depth
_ 253 CYCL DEF 4.3 PECKING -10.000 Infeed per cut
F 80 - Feed rate for vertical feed
254 CYCL DEF 4.4 X +80.000 Langth of 1% pocket side
255 CYCL DEF 4.5 Y +40.000 Length of 2™ pocket side
i
256 CYCL DEF 4.6 F 100 DR+ i Feed rate and cutter path rotation
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Cycle

Input data

Start position

Procedtire

P116

Canned cycles

Milling a circular pocket

“Circular pocket” is a roughing cycle.

Set-up clearance: sge cycle 1.

Milling depth (= pocket depth): distance be-
tween workplece surface and pocket bottom.
See “Set-up clearance” for sign.

Pecking depth: infeed per cut, i.e. amount by
which tool penetrates workpiece.

See “Set-up clearance” for sign.

Feed rate for vertical feed: traversing speed of
tool when penetrating workpiece.

Circle radius: radius of circular pocket.

Feed rate: traversing speed of tcol in machining
piane.

Rotation: Direction of rotation of cutter path:

DR+: positive rotation (countarclockwise), down-
cut milling;
DR—: negative rotation (clockwise), up-cut milling

The start posftion must be approached in &

previous positioning block without radius compen-

sation.

The tool penetrates the workpiecs from the
starting position (pocket centre).

+Z
(+Y)

Starting position Set-up
clearance
7
Infeed Miling }

depih / /

Starting
posHion

s Rapid rate
I:> Feed rate

for vartical
feed

AN

777777777




Procedure

Milling a
circular pocket
with the 4™ axis

Canned cycles

Milling a circular pocket

The cutter then follows the illustrated spiral path:
its direction depends on the programmed rota-
tion {in this case DR-). The starting direction of
the cutter is:

# the Y+ direction for the X, Y piane,

® the X+ directicn for the 7, X plane,

e the Z+ direction for the Y. Z plane.

The maximum stepover is the amount of k [see
“Pocket milling” cyale).

The procedure is repeated until the programmed
milling depth is reached.
The tool then returns to the starting position,

if the TNC's fourth axis controls an additional
linear axis U. V or W, the fourth axis can also be
used to mill a circular pocket.

To do this, the fourth axis must be programmed

before the cycle call in the last positioning block.

Example:
16 L X+50.000 V+50.000
RO F M

16 CYCL CALL

[:‘> Feed

™17
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Cycle
definition

Operating mode

Dialogue initiation

Canned cycles
Milling a circular pocket

EOF@@

CYCL DEF 5 CIRCULAR POCKET

Press ENT.

-

SET-UP CLEARANCE: ?

48

Specify sst-up clearance.

b 4
[/ . )
Lé with correct sign.
h.4
@ Press ENT
v
MILLING DEPTH ? } D Specify milling depth.
h 4 :
]173 with correct sign. :
h 4
Press ENT.
- |
"'
r .
PECKING DEPTH ? P | Soeciyinfees per cut
w
'*/_‘ with correct sign.
b 4
@ Press ENT.
V
FEED RATE FOR PECKING ? } D Specify rate of vertical faed.
h 4
Press ENT.
.
CIRCLE RADIUS ? } D Specify radius of circular pocket.
h 4
Press ENT.
‘V
r . o |
: { Specify feed rate for milling circular |
. FEEDRATE?F= }g o |
% @ Press ENT.
v
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Canned cycles
Milling a circular pocket

v
‘ ROTATION CLOCKWISE: DR— ? } ::/_:5 Specify rotation of cutter path.
‘ h 4
@ Press ENT.
Sample display
40 CYCL DEF 5.0 CIRCULAR POCKET Cycle definition “Circular pocket” occupies 6 pro-
gram tlocks.
41 CYCL DEF 5.1 SET-UP -2.000 Set-up clearance
42 CYCL DEF 5.2 DEPTH —60.000 Milling depth
43 CYCL DEF 5.3 PECKING —20.000 infeed per cut
F80 ' Feed rate for verticai feed
44 CYCL DEF 5.4 RADIUS 120.000 Circle radius
45 CYCL DEF 5.5 FIO0 DR— ' Feed rate and cuiter path rotation
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Introduction

Contour

P19292

Canned cycles
Variable-contour pockets

Four cycles are required for milling pockets with

variable contours:

e Cycile 14: CONTOUR GEOMETRY (iist of sub-
routines containing subconto Jrs}

e Cycie 15: PILOT DRILL (rough drilling to
pocket depth for &ll partial contours)

e Cycle 6: ROUGH-OUT (rough-milling of con-
tour and clearing of pocket)

¢ Cycle 16: CONTOUR MILL (finish-miling of
contour pocket).

_-,_<

The contour congsists of one or more pockets
and islands within the pocket. A totai of up t0 12
subcontours is possible. Each subcontour must
be programmed as a closed ioop of contour ele-
ments. The follewing straight lines and arcs can
be used as contour elements:

Line, end position programmed in Car-
tesian coordinates.

Line, end position programmed in
L
E poiar coordinates.

Circle (arc) defined by circle centre
and end position;

end position in Cartesian coordinates.
Circle {arc) defined by circle centre
and end position;

P! end position programmed in polar
i coordinates.

Beginning with software version C3:
All the contour entry keys may be used to pro-
gram the contour elements. Subroutines, program
part repitittons and Q parameter functions (FN)
can also be programmad.

No coordinate conversions are permitted within
contour definitions. Coordinate conversions can.
however, be applied to the entire pocket.




Pocket

Island

Canned cycles

Varnable-contour pockets

Pockets can be defined in two ways:

Option 1:
* Clockwise sequence of contour elements
# Radius compensation RR

Option 2:

& Counterclockwise sequence of contour ele-
ments

e Radius compensation RL.

Islands can also be defined in two ways:

Option 1;
e Clockwise sequence of contour elements
e Radius compensation BL

Option 2:

e Countaerclockwise sequence of contour ele-
ments

® Radius compensation RR.

M23



Superimposing
pockets and
islands

Superimposing
pockets

DI

Canned cycles
Variable-contour pockets

Pockets and islands can be superimposed {over- |
laid) on one another. The TNC computes the -
resulting contour automatically from the starting
point of the first subcontour.

For this reason, the starting point of the subcen-
tour is the determining factor of the resulting con-
tour pocket.

Y ¢ Pocket - pockst
) —- X
Y 6’ \¢ Pocket - Island
i 1
& =-X

The starting point of pocket contour 1is located
outside the area of pocket 2, the areas of both
pockets will be cleared,

The starting point of pocket contour 1is located
within the area of pocket 2, only the common
area of the two pockets will be cleared.




Canned cycles
Vanable-contour pockets

Superimposing The starting point of 1sland contour 1 is located o o ' e _
islands outside the area of island 2, neither of the areas Yo Y
of the two islands will be cleared : > ) )

Pocket

|

The starting point of island contour 1 is located
within the area of island 2, only the common
areas of the two islands will remain.

P125



Superimposing
pockets and
istlands

P126

Canned cycles
Variable-contour pockets

If pocket areas are reduced in size by super-
imposed islands, the starting point of pocket
contour 1 must be located outside of island 1.

An island can also reduce several pocket areas.
The starting points of the pocket contours must all
lie outside the island.

If island areas are reduced in size by super-
imposed packets, the starting point of pocket
contour 2 must be located outside of island 1.

A pockst can also reduce several island areas. The
starting point of the superimposing pocket must
lie within the first island.

Pocket 1




Canned cycles
Variable-contour pockets

Programming Partial contours are saved and stored in subrou-
subcontours tines. The first point of the subcontour i the
starting position, wherg machining begins. The Y
starting position of the first subcontour is aiso the
penetration point far the cycle “Pilot drilling™. The +

starting positior is programmed via linear interpo-

iation using the L7 | key.

The msubcamourmusibea pocket

P1277



Canned cycles
Variable-contour pockets
Cycle 14: Contour geometry

Cycle The tabel numbers {subroutines) of the subcon-
tours are defined in cycle 14 "CONTQOUR GEO-
METRY". Up to 12 label numbers can be entered.
The TNC computes the intersecting points of the
resulting contour pocket from the programmed
subcontours.

-..-..b_-<

Cycle 14 "CONTOUR GEOMETRY" is active
immediately following definition; no separate
cycle call is necessary.

P1oo



Definition

Sample display

Canned cycles

Variable-contour pockets
Cycle 14: Contour geometry

Operating mode

B

2

Dialogue initiation

CviL
DEF ?

or |

- |
'CYCLE DEF 14 CONTOUR GEOM. pén Press ENT 10 select cycle. |
|
\ LABEL NUMBERS FOR CONTOUR ? } Enter label number of first contour.

After entering final labet number:

e

v

Press ENT.

Enter labe! number of second ¢oanr-
tour.

Press ENT.

Press ENT.

Press END to transfer cycle defintion.

§ CYCL DEF 14.0 CONTOUR GEOM. Cycle definition occupies ug to 3 program blocks.

6 CYCL DEF 14.1 CONTOUR LABEL © Subroutines with label nurbers
! . 1, 12 and 13 define the contour pocket.

11213/




Cycle

input data

Procedure

12N

Canned cycles

Variable-contour pockets

Cycle 15: Pilot drill

Cycle 15 is used to drill pilot holes at cutter
infeed points.

The pasitions of the infeed points are identical to
the starting positions of the subcontours. In the
case of closed loops of contour elements, pro-
duced by superimposing several pockets and
islands, the infeed point is the starting position of
the first subcontour.

 The ‘eycle “Pilot drill”
eyt

Set-up clearance: see cycle 1.

Total hole depth: distance between workpiece
surface and bottom of pocket. See “Set-up clear-
ance” for sign.

Pecking depth: infeed per cut, i.e. the amount
by which the tocol penetrates the workpiece for
each cut. See "Set-up clearance” for sign.

Feed rate: traversing rate of 1ool when penetrat-
ing workpiece.

Contour mili allowance: sliowance for the
finishing procedure.

The control system positions the tool above the
first infeed point at the programmead set-up
clearance, taking the programmed contour mill
allowance into account.

The tool, moving at the programmed feed rate,
then penetrates to the first pecking depth. After
drilling to this depth, the too! returns at rapid rate
to the starting position and then plunges back to
the first depth.

The tool then advances again at the programmed
feed rate by the amount of the infeed increment,
returns 1o the starting position and so on.

The alternating driling/retracting action is repeat-
ed until the programmed total hole depth is
reached.

Finally, the control system positions the tool at
the programmead set-up clearance above the
second infeed point and repeats the drilling ope-
rafion.

The advanced halting distance corresponds to the
set-up clearance.

-

1% infeed point X

2™ infeed point Y

V.xl

Set-up
¢ Clearance

mmap Rapid rate

:> Feed rate




Definition

Sample display

Canned cycles

Variable-contour pockets

Cycle 15: Pilot drill

Operating mode

Dialogue initiation

. I [s]E

CYCL DEF 16 PILOT DRILL p e Press ENT to select cycle.
v
SET-UP CLEARANCE ? ) D Specify set-up clearance.
v
i with correct sign.
h 4
@ Press ENT.
~

TOTAL HOLE DEPTH ?

G

z
=

Specify tota! hole depth.

with correct sign.

Press ENT.

v

PECKING DEPTH ?

o

Specify infeed per cut.

with correct sign.

Press ENT.

Specify feed rate for infeed
?F=
FEED RATE ? F ’D {positive numerical valuel.
h 4
Press ENT.
CONTOUR MILL ALLOWANCE ? 2 Enter finishing allowance.

e |

Press ENT.

18 CYCL DEF 15.0 PILOT DRILL

19 CYCL DEF 15.1 SET-UP —2.000
DEPTH —20.000

20 CYCL DEF 15.2 PECKG -10.000

F40 ALLOW +1.000

Set-up ¢learance
Total hole depth
Infeed per cut

Rate of infeed and finishing allowance.

Cycle definition occupies up to 3 program blocks.

Pix1



Cycle

input
data

Procedure

P12

Canned cycles
Variable-contour pockets
Cycle 6: Rough-out

Cycle 6 defines the roughing procedure for clear-
ing the pocket.

Set-up clearance: see cycle 1.

Milling depth: distance between workpisce sur-
face and pocket bottom. See “Set-up clearance”
for sign.

Pecking depth: infeed per cut, i.e. the amount
by which the tool penetrates the workpiece for
each cut. See "Set-up clearance” for sign.

Feed rate for pecking: traversing rate of tool
when penetrating workpiece.

Contour mill allowance: allowance for the
finishing procedure (positive numerical value).
Rough-out angle: direction for clearing pocket,
based or angular reference axis of machining
plane.

Feed rate: traversing speed of tool in machining
plane.

The control system positions the tool automatically
above the first infeed point, taking the pro-
grammed contour mill allowance into account.
Beware of danger of collision with chucking
device.

The tool then penetrates the workpiece.

After reaching the first pecking depth, the tocl
mills the first subcontour at the programmed
feed rate, taking the finishing allowance mto
account.

The direction of rotation for rough-miliing is
determined by a machine parameter defined by
the machine manufacturer.

300
7
Starting ){{

position Set-up clearance
Pecking - Vs
_xdepth Milling

s

depth

Finishing allowance

Rough-out
angle

ﬁ Rapid rate
Feed

rate for
pecking




Procedure

Canned cycles

Variable-contour pockets

Cycle 6: Rough-out

At the infeed point, the cantrol systern advances
the 100l to the next pecking depth. The procedure
is repeated until the programmed milling depth
15 reached.

The remaining subcontours are milled in the
same manner.

The pocket is then cleared. The direction of feed
corresponds 10 the programmed rough-out
angle. The stepover per cut corresponds to the
cutter radius.

The pocket can be cleared with multiple vertical
feed motions.

At the enc of the cycle, the control system
retracts the tool to the set-up clearance.

When roughing out, islards are jumped over. For
this, a minimum advanced halting distance is
rnaintained. This halting distance corresponds to
the maximum set-up clearance for the "Rough-
out” and “Contour mill” cycles.

o

Stepover

- =g
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Canned cycles
Variable-contour pockets
Cycle 6: Rough-out

- g - - i
Definition Operating mode ©

ovel] b o .
Dialogue initiation [2EF | _ia‘ or \il 6

. I
CYCL DEF 6 ROUGH-OUT } Prass ENT to select cycle.
v
. I
SET-UP CLEARANCE ? ’ D Specify set-up clearance.
v
i with carrect sign.
w
Press ENT.
‘v
MILLING DEPTH ? 2 Specify milling depth,
v
@ with correct sign.
A 4
@ Press ENT.
v
PECKING DEPTH ? P | Specity infeed per cut
b
@ with correct sign.
h 4
@ Press ENT.
~ g
FEED RATE FOR PECKING ? } D Specify feed rate for vertical feed.
h 4
Press ENT.
v
Enter finishing allowance
CONTOUR MILL ALLOWANCE ? } D {positive numerical value).
h 4
Press ENT.
v
ROUGH-OUT ANGLE ? } D Specify rough-out angle.
h 4
@ Press ENT.
v
FEED RATE ? F= 4 E Specify feed rate for milling pockst.
4
@ Press ENT.
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Canned cycles
Variable-contour pockets
Cycle 6: Rough-out

Sample display )
16 CYCL DEF 6.0 RODUGH-OUT Cycle definition occupies 4 program blocks.
17 CYCL DEF 6.1 SET-UP -2.000 ‘ Set-up clearance
DEPTH —20.000 Mitting depth

18 CYCL DEF 6.2 PEECKG —10.000 Infeed per cut

Fa0 ALLOW +1.000 Feed rate for tool infeed and finishing ailowance
19 CYCL DEF 6..3 ANGLE +0.000 Rough-cut angle

F60 Feed rate in machining plane.

mM37



Cycle

Input data

Procedure

P18

Canned cycle
Variable-contour pockets
Cycle 16: Contour mill

Cyc'e 16 "CONTOUR MILL" 15 used to finish-mill
the contour pocket,

.i'_'%‘he cycie can aiso be used for geneza( mi!«“

_ ' Sta rting
Set-up ciearance position

/ BE

o Pecking] 177
Milling depth | /
depth /

Set-up clearance: sce cycle 1.
Milling depth: distance between workpisce sur-
face and pocket bottom. See “Set-up clearance”
for sign.
Pecking depth: infeed per cut, i.e. the amount
by which the tooi penetrates the workpiece for
each cut. See "Set-up clearance” for sign.
Feed rate for pecking: traversing rate of too!
when penetrating workpiece.
Direction of rotation for contour milling: cut-
ting direction along the pocket contour (island
contours: opposite cutting direction)
DR+ positive rotation

down-cut milling for pocket and island
DR—: negative rotaticn,

up-cut milling for pockst and island.
Feed rate: traversing speed of tool in machining
plans.

e Rapid rate
' [:> Feed rate

for
pecking

The control system positions the tool automatically
above the first infeed point. Beware of danger of
collision with chucking device.

Mcving at the programmed feed rate, the ool
then penetrates tc the first pecking depth.

When this depth is reached, the tool milis the

first contour, moving at the programmed feed
rate and 1aking the specified direction of rota-
tion into account,

At the infeed point, the control system advances
the ool 1o the next pecking depth, repeating the
procedure until the programmed milling depth

is reached.

The remaining subcontours are milled in the

same manner.

Y Finishing

f

allowance Programmed
from cycle 6 contour




Canned cycles
Variable-contour pockets
Cycle 16: Contour mill

|

&

Definition Operating mode

5 1. BEE
Dialogue initiation QL or LB

3
=
o

CYCL DEF 16 CONTOUR MILL } Prass ENT to select cvcle,
v
SET-UP CLEARANCE ? } D Specify set-up clearance.
v
+ with correct sign.
h 4
Press ENT.
v
MILLING DEPTH ? P | Specify milling degth.
h 4
"'L]' with correct sign.
h 4
@] Press ENT.
v
PECKING DEPTH ? Pl ] specity infeed per cut.
h 4
+/_§ with correct sign.
h 4
@ Press ENT.
v
FEED RATE FOR PECKING ? } D Specify feed rate for verticai feed.
h 4
Press ENT.
v
CW/CCW PATH FORCONTOURMIL? [ | Specify cutting direction.
h 4
Press ENT.
‘v
FEED RATE ? F= } Specify feed rate for milling pocket.

cdq_]

Press ENT.
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Sample display

Canned cycles

Variable-contour pockets

Cycle 16: Contour mill

25 CYCL DEF 16.0 CONTOUR MILL
26 CYCL DEF 16.1 SET-UP —2.000

DEPTH —20.000
27 CYCL DEF 16.2 PECKG —10.000

F40 DR~ F60

Cycle definition occupies 3 program blocks.

Set-up clearance
Milling depth

infeed per cut

Feed rate for vertical feed,
cutting direction and feed rate in machining
plane.

a1



Program format
and
cycle sequence

P1AD

Canned cycles
Variable-contour pockets

The program format shown at the right is recom-
mended for programming a variable-contour
pocket.




Pocket contour

Beginning
of program

Tool
definition

Canned cycles

Variable-contour pockets

Example

The pocket shown in the illustration is made up
of three subcontours:

Subcontour 1: pocket

Subcontour 2: isiand within pocket
Subcontour 3: island superimposed over pocket
(subcontour 1)

The program for miiling the pocket is program
number 40. The blank workpiece dimensions for
graphics simulation an the TNC 185 are defined
in the BLK FORM blocks.

The tools are cefined at the beginning of the pro-
gram. Three tools are required to mill the pocket.

Jool 11: for pilot drilking
Tool 12: for roughing and clearing
Tool 13: for finishing.

0 BEGIN PGM 40 MM
1 BLK FORM 0.1 Z X+0.000
Y+0.000  Z-25.000
2 BLKFORM 0.2 - X+80.000
 Y+60.000  Z+0.000
3 TOOL DEF11 L-+0.000
R+2.000
4 TOOL DEF12 L—4.900
R+2.000
5 TOOL DEF13 L~2.500
R+2.000

P43




Contour
definition

Tool change/
Set-up clearance

Pilot drilling

P144

Canned cycles
Variable-contour pockets
Example

The label numbers of the subcontours are pro-
grammed during contour definition.

The TNC computes the intersecting points of the
pocket contour from the programmed subcon-
ours.

6 CYCL DEF 14.0 CONTOUR GEOM.

7 CYCL DEF 14.1 CONTOUR LABEL

n/w2/13/ J/ /

The tool change pesition is also programmed in a
subrouting with the label number 1.

Tool No. 11 for pilot drilling is then called and
positicned at the set-up clearance.

8LBL 1
9 TOOLCALLO ]
s
10 L Z+100.000
ROFI5992 ™

1L X-50.000  Y-50.000

_ R F - MO6
12 LBL O
13 TOOLCALL 1 Z
, $ 140.000
14 L Z+2.000

RO F15999 M

The cycle "Pilot drill” contains ali the data
required for vertical feed and penetration.
The cycle “Pilot drili” must be called separately.

15 CYCL DEF 15.0 PILOT DRILL

16 CYCL DEF 15.1 SET-UP —2.000
| DEPTH —20.000

17 CYCL DEF 15.2 PECKG —10.000

F40 ALLOW +0.500

18 CYCL CALL

M13




Tool change/
Set-up clearance

Roughing-out

Tool change/
Set-up clearance

Canned cycles

Variable-contour pockets

Example

The next tocl change takes place by calling the
subroutine with the label number 1. Tool No. 12 is
then called for rough-milling the pocket contour
and positioned at the set-up clearance.

The cycle "Rough-out” contains all the data
required for rough-milling the pocket.
The cycle "Rough-out” must be called separately.

The TNC then miils the contour of the pocket,
taking the finishing allowance inte account.
The pocket is then cisared at the programmed
angle.

Again the tool change 1akes place by calling the
subrouting with the labal number 1. Tool No. 13 is
then called for finishing the pocket contour and
positioned at the set-up clearance.

19 CALLLBL1 REP
20 TOOL CALL 12 Z
S 140,000

21 L Z+2.000

22 CYCL DEF 6.0 ROUGH-OUT
23 CYCL DEF 6.1 SET-UP —2.000
DEPTH —20.000
24 CYCL DEF 6.2 PECKG —10.000
F40 ALLOW 0.500

25 CYCL DEF 6.3 ANGLE +4%.000

F140
26 CYCL CALL
M13

27 CALLLBL1 REP

28 TOCLCALL13 Zz

S 140.000
29 L Z+2.000
R F M

P4as



Contour milling

Tool change/
STOP

Subroutines

P146

Canned cycles
Variable-contour pockets
Example

The cycle “Contour mill” contains all the data
necessary for finish-milling the pocket contour. in
addition, the milling direction can be specified,
i.e. the pocket contcur can be finished with
down-cut or ug-cut miliing. In the example, DR
is programmed for down-cut milling.

A cycle call 1s required for cycle contour miilling.

By caliing the subroutine with the label number 1,
the TNC moves the ool 1o the change position.
The program is then interrupted with STOP; the
auxiliary function M02 or M30 causes a return to
the beginning of the program.

After the programmed STOP, the subroutines for
the three subcontours are programmed according
to the dimensions shown in the drawing.

!

30 CYCL DEF 16.0 CONTOUR MILL
31 CYCL DEF 16.1 SET-UP —2.000
DEPTH ~-20.000
32 CYCL DEF 16.2 PECKG —10.000
F80 DR- F120
33 CYCL CALL

M3

34 CALL LBL1 REP

35 STOP
Mo2




Subcontour 1

Subcontour 2

Subcontour 3

Canned cycles

Variable-contour pockets

Example

Subcontour 1 "Pocket” is programmed in the sub-
routing with the label number 11,

Because the contour elements are pregrammed
clockwise, the radius compensation for the
pocket contour 13 RR.

Subcontour Z “Island” is programmed in the sub-
routine with the labet number 12.

Because the contour elements are programmed
counterciockwise, the radius compensation for
the island contour is RR.

Subcontour 3 “Island” is programmed in the sub-
routine with the labe!l number 13.

Because the contour elements are programmed
counterctockwise, the radius compensation for
the island contour is RR.

36LBL 1
37L X+60.000 Y+40.000
RR
38 CC X+60.000 Y+25.000
39 CP IPA-180.000
DR—R F
40L X+20.000
R F
41 CC X+20.000 Y+25.000
42 CP IPA-180.000
DR—R F
43 L X+60.000
R F
44 1BLO

|

45 LBL. 12

46 L X+60.000 Y+25.000

RR
47L [1X-15.000
R F
48 CC IX+0.000 |Y-4.500
49 CP IPA+180.000
DR+ R F
50 L [X+15.000
R F
51 CC IX+0.000 . IY+4.500
52 CP IPA+180.000
DR+ R F
53LBLO

54 LBL 13
55L X+40.000 Y+47.000
RR
56 CC IX—6.000 - Y+47.000
57 CP IPA+180.000
DR+ R F
58 L 1Y-10.000
R F
69 CC IX+6.000 1Y+0.000
60 CP IPA+180.000
DR+ R F
61L X+40.000 Y+47.000
R F

62LBLO

™ A7




Modifying
a pocket
contour

P148

Canned cycles
Variable-contour pockets
Example

In the preceding example. subcontour 3. with the |
sequence of contour elements and the radius ;
compensation RR {block 55}, is programmmed as !
an island superimposed on the first subceniour

Bv changing the radius compensation for sub-
contour 3 from RR t¢ RL, the island becomes a

pocket. The resulting pocket contour increases in - |
size accordingly.

54 LBL 13

56 L X+40.000 Y+47.000

RR M

__--<

¥ <
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Cycle

Datum shift

Incremental —
ahsolute

Cancelling a
datum shift

P150

Canned cycles
Datum shift

The datum (zero point) can be shifted 10 any
lscation within a program.

This feature allows you to carry out identical
machining operations (e.g. milling slots or
pockets) at various locations on a workpiece,
without having to create and enter a new pro-
gram for each job.

for a datum shift. also called a zero offset, you
need onfy enter the coordinates of the new
datum or zero point.

The contral then shifts the coordinate system,
with the axes X, Y, Z and the 4™ axis, 1o the
new, offset datum. All subsequent coordinate
data are then based on the new datum.

The coordinates can be entered as follows when
defining the cycle:

e Absolute: the coordinates of the new datum
are based on the original workpiece

datum @

# Incremental: the coordinates of the new

datum are based on the previously vakd datum,

which may have already been shifted.

To cancel a programmed datum shift:

& Enter an absolute datum shift with X 0.000/
Y 0.000/Z 0.000/1Vv. 0.000;

& Enter the auxiliary function MO2, M30 or block
END PGM ... MM {depending on spectfied
machine parameters).

Yi

Absolute

Incremental




Cycle
definition

Sample display

Canned cycles
Datum shift

Operating mode

Dialogue initiation

o)
cveL! b coo] | o |
‘DEF; L ar o i ;

CYCL DEF 7 DATUM SHIFT

Press ENT to select cycla.

v
2

v

DATUM SHIFT ?

Numerical values can be assigned to all
axes X, Y, Z. IV. for datum shift.

| After entering the coordinates of the new
' datum:

Select axis.

- v
A< 4=14x]

Incremental - absolute?

Enter coordingtes of new datum.

-

} Press ENT.

10 CYCL DEF 7.0 DATUM SHIFT
11 CYCL DEF 7.1 X + 20.000
12 CYCL DEF 7.2 Y + 10.000
13 CYCL DEF 7.3 Z + 10.000

14 CYCL DEF 7.4 C + 80.000

program blocks.

Cycle definition “Datum shift” occuples up to B
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Cycle

Mirror axis

Machining
direction

Datum

Cancelling
mirror-imaging

P152

Canned cycles
Mirror image

Mirror-imaging an axis about the datum reverses
the direction of the axis and changes the +/—
sign of all coordinates of the axis. This produces
a mirrored (reversed) image of a programmad
contour or hole pattern. Mirror IMaging is pos-
sible only in the machining plare, by revarsing
one or both axes simultaneously.

The axis or axes tc be mirrored are programmed
for mirror imaging. When specifying coordinates
in the program, the signs for the axes are
reversed.

If the tcol axis is mirror-imaged. the error mes-
sage:

= MIRROR IMAGE ON TOOL AXIS =

is displayed.

Mirror-imaging across one axis: The machin-
ing direction is reversed along with the signs of
the cocrdinates. If a contour was originally milled
counterclockwise, mirror-imaging will cause it to
be machined clockwise. The milling direction
does not change in canned cycles.

Mirror-imaging across two axis: The contour
mirrored across one axis is reversed again across
a second axis; the machining direction is also
reversed a second time, maintaining the original
direction.

When programming, make sure that the rmurrared
coordinate axis is located exactly between the
mirrcred contour and the contour to be produced
by mirror-imaging. Program a datum shift prior to
cycle definition if required.

To cancel mirrer-imaging:
e Program the cycle "Mirror-image”, responding
to the dialogue prompt by pressing };ﬁ] .

e Program the auxiliary function MO2, M30 or the
block END PGM ... MM {depending on speci-
fied machine parameters).

—xX2 =X1p Xt X2

Counterclockwise ‘ Clockwise

RR

RL
-~

R

Clockwise Counterclockwise




Cycle
definition

Sample display

Canned cycles
Mirror image

Operating mode

Dialogue initiation

o

CYCL DEF 8 MIRROR IMAGE > Prass ENT to select cycle.
v
MIRROR IMAGE AXIS ? } Specify axis to mirror-image, e.g. X.

To mirror-image across two axes simulta-
neously:

Specify second axes te mirror-
image, .g. Y.

Press END 1o select axes and ter-
rnirate entry.

o2 < 4]

120 CYCL DEF 8.0 MIRROR IMAGE

121 CYCL DEF 8.1 X

Cycle definition "Mirror image” occupies 2 pro-

gram blocks.
Mirrored axis: X. Signs for X-ccordinates are
revarsed in following program blocks.
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Cycle

Rotation angle

Input range

Rotatien and
datum shift

Cancelling
rotation

MEA

Canned cycles

Rotating the coordinate system

The cocrdinate system can be rotated about the
datum in the machining plane within a program.

This feature makes it possible to mill pockets
whose sides are not parallel to the original coor-
dinate axes, without calculating effort.

Only the rotation angle ROT need bs pro-
grammed for rotation.
The rotation angle is always based on the datum

of the coordinate system - the centre of rotation.

The reference axis for programming in absolute
dimension is:

¢ the + X-axis in the X, Y plane,

e the + Y-axis in the ¥, Z plane,

e the + Z-axis in the Z, X plane,

All coordinate data following the rotation are
based on the datum with the rotated coordinate
system.

The rotation angle can also be entered in incre-
rmental dimensions,

The rotation angle is entered in degrees (°). Input
range: —360° to + 380° {incremental and abso-
lute).

The "Rotation” and “Datum shift” cycles can be
combined by programming them one after anoth-
er. This makes a simultansous shift and rotation
of the coordinate system possibie.

To cancel coordinate system rotation:

e Program rotation with rotation angle 0°
{RQOT Q).

® Program the auxiliary function M02, M30 or the
block END PGM ... MM (deperding on speci-
fied machine parameters}.

LYoo

v

Rotation angle
ROT

N

oference axis )¢ (z)

e e
o33 Fowuon:

P )




Cyclé
definition

Sample display

Canned cycles
Rotating the coordinate system

@ .
Operating mode 1)

CYCL GOTO !
Dialogue initiation DEF LL or E E @ @

Incremental-Absolute.

G [

CYCL DEF 10 ROTATION ) @ Press ENT to select oycle.
v
ROTATION ANGLE ? } Specify rotation angle.

Press ENT.
184 CYCL DEF 10.0 ROTATION g?é)%isdefinitian “Rotation” occupies 2 program
185 CYCL DEF 10.1 ROT + 45.000 Rotation angle in degrees [°).
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Cycle

Scaling
factor

Location of
datum

Cancelling the
scaling factor

PB&

Canned cycles
Scaling factor

Contours in the machining plane can be enlarged
or reduced In size within a program.

This feature makes 1t possible 10 create similar
gecmetrical contours without having to re-pro-
gram them and to program shrinkage and over-
size allowances.

Te eniarge or reduce the size of a contour, pro-
gram the scaling factor SCL.

The control syster multiplies all coordinates and
radii of the machining plane or all three axes X, Y
and 7 {independent of a machine parameter), by
this factor that are executed following the cycle.
Input range: O to 99.9999%9.

The pesition of the datum of the coordinate sys-
term does net change when the contour is
enlarged or reduced in size.

To produce a geometrically similar contour at the
intended location on the workpiece, it may be
necessary to program a datum shift and/or a
rotation of the coordinate system.

Before programming the scaling factor, werecom-
mend locating the datum at a comer of the con-
tour, which saves calculating effort.

To cancel the cycle "Scaling™:

e Program "Scaling” cycle with factor 1.0.

* Program the auxiliary function M02, M30 or the
block END PGM ... MM (depending on speci-
fied machine parameters).

Example (X, Y plane)
Reduction
Scaling factor 0,5

Fran
4

l‘|’
X

Example (X, Y plane)
Enlargement and datum shift

Scaling

|

factor 2.0

i




Cycle
definition

Sampte display

Canned cycles
Scaling factor

Operating mode

0]

Dialogue initiation

& [ 0]l

CYCL DEF 11 SCALING

} Press ENT to sefect cycle.

v

FACTOR ?

} i Specify scaling factor.
v

Press ENT.

12 CYCL DEF 1.0 SCALING

13 CYCL DEF 11.1 SCL 0.750000

Cycle definition "Scaling” occupies 2 program
blocks.

All subsequent coordinate data are reduced by
0.75 by programming the scaling factor 0.76.

[=2 1%



Cycle

Input
range

P158

Canned cycles
Dwell time

The cycle “Dwell time” can be used within a pro-
gram to interrupt the feed motion for a specifiad
period of time while the spindle is still running,
e.g. for chip breaking with single-point boring
operations. The cycle "Dwelt time” is run imme-
diately after cycle definition.

Dwell time 18 indicated in seconds.
Input range: 0.000 s to 19,998.989 s,




Cycle

definition

Sample display

Canned cycles
Dwell ttime

QOperating mode

Dialogue initiation

B[] )
-{DEF or LB

CYCL DEF 9 DWELL TIME

45

Press ENT to select cycla

v

DWELL TIME IN SEC. ?

4
h 4

Specify required dweil.

Press ENT.

97 CYCL DEF 9.0 DWELL TIME

98 CYCL DEF 9.1 bPWELL 10.000

blocks.

Cycle definition “Dwell time” occupies 2 program
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Canned cycles
Freely programmable cycles (Program call)

Cycle The cycle "Program call” makes it more conven-
ient 1o call programs, via CYCL CALL, M89 and
M39, that were greated with the aid of parameter
functions, such as area clearance cycles. This
gives these freely programmable (variable) cycles
the same status as the pre-programmed canned
cycles.

a0



Cycle

definition

Sample display

Canned cycles
Freely programmable cycles (Program call)

Operating mode @
cveL lT
Dialogue initiation oerf LY !
CYCL DEF 12 PGM CALL } @ Press ENT 1o select cycle.
PROGRAM NUMBER ? Pl | Enterorogram number
v

Press ENT.

5 CYCL DEF 12.0 PGM CALL

6 CYCL DEF 12,1 PGM 23

The called cycle is programmed in program 23.
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Canned cycles
Spindle orientation (optional)

Introduction Usec as a 5" axis, the TNC can control the
main spindle of a maching tool and rotate it into
a specified position,
Applications of the spindle orientation feature in-
clude certain tool change systems that require the
tool to be in a defined position relative to the
changer, or for aligning the transmitter/receiver
window of the HEIDENHAIN TS 510 infrared
touch-probe system.

Defining position  Spindle positioning (orientation) is activated via
an auxiliary function. The position can be defined
by means of
® machine parameters, or
& cycle 13 “Spindle orientation”.

Contact your machine manufacturer or supplier
for more inforration on machine parameters and
the auxiliary function.

Cycle Cycle 13 "Spindle onientation” can be used to
program a specified angular spindle position. An
auxiliary function, defined by the machine manu-
facturer, must be programmed before spindie
positioning is possibie {not with CYCL CALL).

i spindle orientation is calied via an auxiliary
function, without having programmed a cycle
definition, the TNC will align the main spindle
according to a value defined in the machine

parameters.

Input data Orientation angle: angle relative 10 angular
reference axis of machining plane.
Input range: 0 ... 36C°
Input resolution: 0.5°

Display of the The spindle pesition actual value can be displayed
spindle position in place of the fourth axis.
actual value This is dependent on machine parameter 237 and

is stipulated by your machine manufacturer.

P1an



Definition

Sample display

Canned cycles

Spindle orientation (optional)

@

Operating mode

Dialogue initiation

el 117
DEFJ 11

CYCLE DEF 13 ORIENTATION

’ i@ Press ENT to select cvele.

v

ORIENTATION ANGLE ?

Specify reguired angular spindle
’ position.
v
Press ENT.

5 CYCL DEF 13.0 ORIENTATION

6 CYCL DEF 13.1 ANGLE 280.000

Cycle definition occupies 2 program blocks.
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Editing

Calling a block

Paging through
a program

Editing words

P164

Editing a program

Editing s the term used to describe the process
of checking, modifying or expanding a program.
The editing functions heip you to search for and
modify program blocks and words, They are acti-
vated by pressing a key.

Call a specified block by pressing the key.
Ll is the symbol for program block.

You can “page” through a program block-by-
block with the and E keys.
$ | skip to next lower block number

P 4 | skip to next higher block number

Pressing the E and E keys moves the cur-

sor around within the current block. The cursor is
an "editing pointer” in the form of a highlighted
field on your screen. Use the two cursor move-
ment keys to place the curser on the program
word you want 1o edit.

GOTO




Editing a program
Calling a block

@]
@
Y]
]

£

Calling a Operating mode
block number

8
0=
=)

Dialogue initiation

L GOTO: NUMBER = D | Sspeciy block number
[ b 4
‘ Press ENT.

Editing words Operating mode f

4
4]

To edit & word in the current program block: Place cursor on word t¢ be edited.

v

The dialogue prompt for the word appears
highiighted. e.g.:

COORDINATES ? } Edit entry data.

[ 4>

Press END to enter block

When all corrections are complete: ’ {or move cursor off-screen 1o right
or left).

. iy r wor b ited.

To edit an additional word: } -~ Place cursor on d o be edited
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Editing a program
Deleting and inserting blocks

Deleting a block  The current block within a program is deleted by
: DEL
pressing the ' 5 | key.

DEL is an abbreviation for DELete, which means
to erase or take out.

Program blocks can be deleted only in E
mode.

When deleting individua! blocks, make sure the Dl |
block you want to delete is the currently active

block. To be on the safe side, call up the block by

number.
After the biock is deleted, the block with the next

block number takes the place of the deleted
block.
The blocks are re-numbered automatically,

Cycle To defete cycle definitions or program sections,
definition or cali up the last block of the cycle definition or ,
5;‘;3{;"; part program section. Then press the |°E- . key until ail
biocks in the definition or program section have
been deleted.
Inserting You can insert new blocks at any point in an
a block existing program by calling up the block preced-
ing the block you wish o insert.
The subsequent blocks wili be re-numbered auto-
matically,
If the storage capacity of the program memory is
exceeded, the following error message will
appear when the dialogue is initiated:
= PROGRAM MEMORY EXCEEDED =
This error message is also generated if you
attempt to insert a block after the END block
{end-of-program is displayed on current ling).
Editing Incorrect entries made while programming can
while be corrected in two ways:

programming
CE Entered data are erased and a highlighted
“0” appears.

\E! Entered date are srased completely.
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Editing a program
Deleting blocks

Deleting Operating mode
a block
\ ) DEL
‘ To delete the current program biock: }\ o Prass to delete block.
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Searching
for specified
addresses

Erasing a
program

P68

Editing a program
Search routines/Parameter display
Erasing a program

Blocks containing specified addresses can be
iound within a machining program by using

the @ and m keys.

—
To search for an address, use the t‘ and/or
|- ! keys to move the cursor to the word with
the searched addrass and the E and/or
LL keys to page through the program. Only

those blocks which contain the searched address
will be displayed. —
Search routines can be carried out only in &>
maode. —

Press o initiate the dialogue for erasing

{clearing} a program.
After pressing this key, a program overview ap-
pears together with a highlighted pointer. Move

the pointer with the E m E —- | keys.

Only the program whose number is currently
highlighted can be erased.




Searching
for specified
addresses

Erasing a
program

Editing a program

Search routines/Parameter display

Erasing a program

Operating mode

B

To display all biocks with the address M:

Jin
h 4

~

[E—

Select a block with searched ad-
dress.

Move cursor 1o word with searched l
address.

v

AUXILIARY FUNCTION M ?

4Hin

Call blocks containing searched ad-
dress.

Operating mode

Dialogue initiation

CLEAR = ENT/END = NO ENT

To erase a program:

If erase is not desired or to terminate erase
function:

’ . Move cursor to
Lq program number.

)
Pl

Press ENT to erase program.
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Testing a
program

Stopping a
test run

Displaying
and setting
Q parameters

P170

Test run
Parameter display

You can have the control system check a pro-
gram for geometrical errors without machine
movemen? before actually running the pregram.
During a test run, the TNC calculstes program
sequences just like during an actual program exe-
cution. The test run will be interrupted if an error
message is generated. The mode select

key | =3 also Initiates the interactive input dia-
logus.

Interrupt and abert the test run at any desired

location by pressing the key.

The test run is intemupted autor
¢ach programmed STOP. The test
«-be restarted 1o continy ex

In “Program run-single block” | 2) |or “Program
run full sequence” modes, you can display

the current values of Q parameters and change
them if desired. You have to interrupt the pro-
grarn run at the desired location to do this. Press

the | Q | key and enter the parameter number to

display the value on the screen on the dialogue
line. You can then change the displayed valug if
you wish (e.g. for test runs).

The TNC will retain the st value until another
ong is programmed to replace it.

You can page through the parameter list with

the 'FTT} and E keys,

The display is erased with the |55

0 key.




Test run
Parameter display

Starting a Operating mode 2|
program
test run
TO BLOCK NUMBER = .
To run test up to a specified block number; }i Enter biock number.
v

@ Press ENT.

Te test run entire program:

p
Displaying and Operating mode {_13‘
setting
Q parameters Dialogue initiation

Specify parameter number.

Press ENT. i

;
4
Q4| [o]l¥

Q55 =12 } Enter parameter value if required.

Press ENT.

Gl _

After the program starts, the TNC operates with
the displayed or modified parameter value until it
is replaced in the program by another value.
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Graphics *
Blank form definition

Graphic The machining of a workpiece can bes simulated

simulation graphically on the screen, to checxk the program
without machine-siide movement before it is
actually exscuted.

The workpiece biank is always of cuboid shape.
Other workpiece shapes may be programmed
separately if desired.

Defining a The blank workpiece has to be defined for graph-
blank ic simulation:
& its position relative to the coordinate sys-
tem and

¢ its dimensions must be programmed.

ft is necessary to specify only corner points
when defining the cuboid. These points are iden-
tified as minimum point P, and maximum point
Puax {points with “minimum” and “maximum”
coordinates).

Pun can only be entered in absolute dimensions.
P.ax Ccan be entered in either absolute or incre-
mental dimensions.

The blank workpiece data are saved in 2 corre-
sponding machining program and are available
when the program is selected.

It is advisable to define the cuboid at the begin-
ning or at the end of the program. This makss it
easier to find the BLK FORM blocks when blank

form dimensions change.
The interactive dialogue is initiated by pressing

The maximum dimensions of the blank may
not exceed 14,000 x 14,000 x 14,000 mm.

* The graphics feature is available oniy on control
system model TNC 155.
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Entering
corner points

Sample display

Graphics

Cuboid corner points — BLANK FORM

|

Operating mode [‘2

BLK

Dialocgue initiation FORM
SPINDLE AXIS PARALLEL X/Y/2 ? ’ Z Specify spindle axis, e.g. Z.

DEF BLK FORM: MIN-CORNER ?

Enter numerical value for X-
coordinate.

v

G 4O 4E4_]

Press ENT.

Enter numerical value for Y-
coordinate.

Press ENT.

Enter numerical value for Z-
coordinate.

Press ENT.

v

DEF BLK FORM: MAX-CORNER ?

Incremental - absolute?

Enter numerical value for X-
coordinate.

Press ENT.

Incrernental - absolute?

Enter numerical value for Y-
coordinate.

Press ENT.

Incremental — absolute?

Enter numericat value for Z-
coordinate.

C-MEC (4B ]

ENT Press ENT.

1 BLK FORM 0.1 Z X+ 0.000
Y+ 0.000 Z-15.000

2 BLK FORM 0.2 X+80.000

Y+100.000 Z+ 0000

The blank is paralle! to the main axes.

The coordinates of P, are X 0.000, Y 0.000
and Z —15.000.

The coordinates of P,y are X 80,000,

¥ 100.000 and Z 0.000.
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Graphics mode

Display modes

3D simulation

Simulation in
three planes

P174

Graphics
Display options

A machining program can be simulated graphi-
cally in operating modes:

E PROGRAM RUN - FULL SEQUENCE

PROGRAM RUN — SINGLE BLOCK

The machining program must be stored in the
main memory before it can be displayed
To call up the menu of display options or the

screen, press jmoo | twice. Use | § | and Py |to

move the highlighted pointer to the desired dis-

play ogtion and press @ to select.

Four different types of display are available.

The program is run in 3D simulation. Use
the | = | and | = | keys to rotate the workpiece

about its vertical axis and the and | | keys

to tilt it about the horizontal axis.

The position of the coordinate system (machining
plane} 1s indicated by an angle displayed at the
upper left of the dispiay.

The program is run in plan view and two cross-
sections, similar to a workpiece drawing. The
sectional planas can be shifted by pressing

the E E E m keys.

The simulation in three planes can be switched
from the standard German DIN display to the
Armerican standard third angle projection via
machine parameters. Symbols conforming to the
CIN 6 standard indicate the type of display:

GRAPHICS
BLK
MOD FORM | | MAGN j| START




Plan view 1

Plan view 2

Fast image
generation

Graphics
Display options

The program is simulated in a plan view with
five levels of depth shading, the desper the
level, the darker the shading.

Same as plan view 1, but features 17 levels of
depth shading. Image resoiution on the other
two axes is not as good.

The finished workpiece can be displayed on the
screen with the fast image data processing
feature.

The TNC "develops” the workpiece as configured
in the machining program, without graphically
simulating individual production steps. Only the
current block number is displayed on the screen.

“FRST. IHAGE DRTA PROCESSING
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Graphics
Operation

Starting graphic After selecting the desired graphics mode, stant
the program run by pressing STaRT) -

simulation

Stopping graphic  You can interrupt the graphic simulation at any

simulation time by pressing . The current block will be
completed.

Resetting the After interrupting the graphic simulation, reset the

blank form display to the blank workpisce {original cuboid

shape) by pressing _

P176
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Graphics
Starting graphics mode

Starting Operating mode @ or E}j
graphics mode

Select desired program.

e,

Select graphics mode.

v

Call up graphics menu

L

v

Move cursor 1o desired display option, €.9Q.
“3D simulation”.

v

Start graphic simulation.
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Graphics
Starting graphics mode

Graphics:
stop/start . To interrupt graphic simulaton:

v

To restart graphic simulation: } START] }
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Shifting
pfanes

Graphics
Simulation in three planes

Interrupt graphic simulation. > fsrop }

’v

To shift horizontal sectional plane, e.g. up:

Press E repeatedly (jog maode) }E I] }
or continually shift sectional plane. ’E ’

Press @} repeatedly 1o shift plane faster.

v

To stop shifting plane:

v

To shift vertical plane, e.g. to right:

Press E repeatedly } E‘ E}

or continually shift sectional piane. } | - }
Press repeatedly t¢ shift plane faster.

v

To stop shifting plane: }

Pa1



Graphics
Simulation in three planes

v

Restart graphic simulation } [START }

msgz2



Tilting and
rotating

Graphics
3D simulation

interrupt graphic simulation.

b

v

Tih view, e.g. up:

458

v

Rotate view, e.g. to right:

v’

Restart graphic simulation.

=3
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Magnify
function

Defining
limits of
workpiece detail

Defining
next boundary
surface

Saving the
detail

P184

Graphics
Magnity

The magnify feature aliows you to enlarge any
desired detaill of the workpiece.

The Getail selected for magnification must be
. defined inthe 3D graphics mode. - '

The simulation itself can be realized in ail
4 graphic modas.

You can defing the limits of the selected detai
with a wireframe modet of a cuboid that eppears
in the upper left corner of the screen when you
press
You can use the . = key to move the hatched
—

area one point at a time toward the centre of the
cuboid ¢r, in conjunction with @. to move it

continucusly. Press |s1o@| to interrupt continuous
movement.

Press | = | to move the area back toward the
outer edge.

Press to seiect the next boundary (right-

hand surface).

In this way, you can select and move the left-
hand, right-hand, front, rear, top and bottom sur-
faces one at a time.

Press | ¢ | 10 return to the preceding surface.

After the last boundary surface (top) has been

) —
defined. save the detail by pressing | ¢ | and
then @ ~The blank is displayed on the screan

in enlarged form. For @ magnitied detail of the
actual contour, run a graphic simulation n any of
the graphic display modes.

MAGN




Graphics
Magnify

Limiting and 7 _
enlarging The control system 1s in 3D graphic display
a detail | mode.

Salect MAGN function.

v

To move left-hand boundary surface, e.g.
to right:

Press repeatedly (jog mode)

or continuaily shift boundary surface.

Press repeatedly to shift boundary sur-

face faster.

b= ED

v

7o stop shifting surface and save:

=

v

Select next boundary surface {right).

v

Move this and remaining surfaces as de-
scribed above.

MMReG
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Graphics
Magnify

When the final (ton) surface has been moved: > }

ERER DD

v

TRANSFER GRAPHICS DETAII.

v

Start program run.

v

The workpiece machining operation 15 simu-
latad. Only the defined detall is displayed on
the screen.




Notes:




Program run —
full sequence

Program run -
singie block

Feed rate

Spindle
speed

P88

Program run
Operating modes

in the operating mode | =} ! "Program run - fult

sequence”, the TNC executes the program stored
in memory up to a programmed stop or until the
end of the program. After a programmed stop,
the program run must be restarted 1o continue.
The program run will zlso be stopped if the
display indicates an error.

In the operating mode | @‘ “Program run -

singie block”, the TNC executes the program
stored in memory block-by-block. The program
must be restarted after each block is executed.

The programmed feed rate can be modified

¢ via the internal feed rate override and/or

® via the external feed rate override on the
machine,

depending on how the control system was in-

stalled on the machine by the maching manufac-

turer.

In the case of analogue output, the spindle speed
can be modified via the spindle override.

Internal External
feed rate feed rate
override override
Spindie HAX

speed i

override




Starting
program run —
single block

Starting
program run -
full sequence

Program run
Starting a program run

The_'workpiecé datum must be set before
machining the first workpiece. '

Operating mode =)

~. First program block displayed on current pro- ’ -
E_gram hine. S

Run first program plock.

~—

Second program block displayed on current ) @
program line. =

i

Run second program bock.

-

=)

Operating mode d

First program block displaved on current pro- } @1
| gram line. N

Run program.

The TNC executes the program continually, until it
reaches a programmed stop or unti! the end of
the program.
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Interrupt
program run

Abort
program run

P190

Program run

Interrupting and aborting a program run

While the TNC is in {(Program run - full se-
auence) or {Program run — single block)

modes, you can interrupt program execution at
any time by pressing the external stop bution. An
interruption is indicated on the screen by a flash-
ing de symbol (" % “ means control system in ope-
ration).

Program execution must be interrupted and
aborted before switching to angther operating
mode (except when running a program with
background programming).

To interrupt and abort a program run, press the
external stop butten and the stop button on the
TNC. When a run is aborted, the & symbol wil!
disappear from the screen.

After aborting a program run, the TNC saves the

following data:

e the tool that was activated last,

e coordinate transformations (datum, mirror-
image. coordinate system rotation, scaling fac-
tor),

® the last programmead circle centre/pole CC,

® the last defined canned cycle,

® the current status ¢f program part repeti-
tions,

® the return jump address for subroutines.

_' D keys to seiect ;arogram blocks

STOP

STOP

CALL LBL 18 REP 20/8

: ‘and/or the return ;ump address use. me sl

lGoTo

CALL LBL 18 REP 20/20




Program run
Interrupting and aborting a program run

—
Interrupting Operating mode @“ or 2
program
execution i
I To interrupt a running program: } @ Interrupt program run

v

The " " symboi {TNC in operation) flashes.

Aborting program Operating mode
execution

To abort program exscution: ’ interrupt program run.
h 4

STOP Abori program run.

v

The “s " symbol (TNC in operation} disappears.
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Emergency STOP

Changing from
“full sequence”
to

“single block”

P192

Program run

interrupting and aborting a program run

In an emergency, you can switch off the machine
and the control unit by pressing the emergency
STOP button. The control sysiem indicates the
interruption with

= EMERGENCY STOP =

To resume operation, first unlock the emergency
STOP button by turning it clockwise. Then switch
the power on again and clear the display by

ressing |CE! .
pressis [CE

Cattion when resuming program execution: -

after aborting {see nextpdge). - e

If you hava selected | =) ‘ {Program run - full
sequence) mode, you can switch to {Pro-

gram run - single block} mode while the program
is running. Pragram execution will be stopped
after the current block is run.

STOP




Resuming
program
execution

Tool change

Error messages

Remedy

Program run
Resuming program execution

Resumning program:ex'ec'ution after aborting is
only possible under certain conditions!

Resumption is only possible, where straight lines
with |5 | are programmed in absolute measures

in Cartesian or polar coordinates, respectively.

A resumption is not possible for

® Straight lines with incremental dimensions (IX,
Y, 7.}

¢ Chamfers (L}

& Circular contours {C, CF, CT. CTP. CR, RND}

e Machining cycles.

Special caution is warranted when resuming;

e programs with Q parameters

® subroutines

® program part repititions.

® in the case of a tool change due to tool
breakage, new tool compensation values
{tool aefinition) must be specified and called up
in "MDI" mode. Then set the tool to the work-
piece surface.

TOOLDEF 11 ... TOOL DEF1L...
R... R...
If, after aborting the program run. vou paged
through the program with the EJ m keys, = SELECTED BLOCK NOT ADDRESSED =

did not select a black with and did not

resume operation in the block in which the run
was interrupted, the following error message wift
be dispiayed:

= SELECTED BLOCK NCT ADDRESSED =

Select the block which was interrupted by

e usingthe | 4 [ andi ¥ | keys,
Lt

or

® pressing Gogog and entering the block numbper. j

" Caution when using @ (seeabove). - | + *

GOTO
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Program run
Resuming program execution

If a block is deleted or inserted after program
execution has been interrupted, the previously I ©CYCL INCOMPLETE - l
read cycle definition is no longer active. When — . -
execution is resumed, the error message

= CYCL INCOMPLETE =
is disgiayed before the cycle call.

Remedy The last cycle definition preceding the cycle call
must be executed. You must select cycle dafini- GOTO

tion with the key.

UTC

Caution when uéing (see "Abomng pro-

gram ‘execution”).

If the program run is resumed after interruption in
a canned cycle, the following error message will
appear;

= PROGRAM START UNDEFINED =

Remedy Either edit the program as required or select a GOTO
previous block with the P°] key. s

Cautlon When usnng E (see Abort ng pro_‘l__ :
gram executlon ) X .

A canned machmmg cycle must be restacted
_The canned: cycle “Tapping” should not be
repeated at the same pOSIthﬂ L :

P194



Program run with
background programming

—
The TNC aliows you to run a program in =} |
mode while creating or editing another program
in | € | mode or while a program is being trans-

ferred via the V.24 interface. This feature is called
“background programming”.

Procedure First call up and start the program you wish to

run (@ mode). Then, in operating mode @

call up the program you want to create or edit
{see "Program call"}.

You can also transfer a program through the V.24
interface (see "External data transfer” section V).

“

54

40434

NR

Screen display The program input procedure is displayed in the
upper portion of the screen, while the lower half
displays the current program run. In contrast to W— —
the normal display for program exacution, only - CROCRAMMING AND EOLTING
the program number and current block number T T T
are shown in this case. Position data and status : ) R ’
displays (active cycles for coordinate transforma- .- CP IFR¥728,888 1I12+E@,938
tions, tool, spindle speed, feed rate and auxiliary ... oo DR- [@ FsB ]
functions) are shown as usual. LP . FR+Z3,808 . EF“'”E’:%

J“'RND- RigieBE :

BLOEK1S ~ —--

285,738
183,888

22,659 °

: , 888
,dzZ@8ee.
3,088
BECE
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Dialogue
initiation

Nominal
position value

Radius
compensation

Paraxial machining

Programming via axis address keys

The entry of paraxial positioning blocks can be
somewhat simplified;

Like the combined point-to-point and straight-cut
control models TNC 131/ TNC 135. the input dia-
logue is mitiated directly using the axis address

kevsg?i \I' @ @

Enter the coordinate for the appropriate axis as
the nominal position. The numerical value can
be entered in absolute {based on workpiece
datum) or incremental (basad on previous nomi-
nal position) dimensions.

In either case, the too! will move from its current
actual position, parallel to the selected axis, 10
the programmed target position,

When programming via axis address keys, tool
radius compensation has the following signifi-
cance:

e To decrease distance traversed by the tool

radius: press {RE|. screen displays R—.
e To increase distance fraversed by the tool
racius: press RE!, screen displays R+.

!

® The tocl moves (e the programmed nominal
position, screen displays RO.

If a radius compensation B+/R— is also pro-
grammed when positioning the spindle axis, no
compensation will be active on this axis.

Vvwhen the 4™ axis is used as a rotary table
axis, no radius compensation will be taken into
account.

LY

=l
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Paraxial machining

Programming via axis address keys

-Do ot emer paraxzai pesmenmg biocks oo P

taining g radius compensation Rm/R— bea‘o

or after poszt:orzmg biecks con:amzng ar
: comperzsanen RR/RL :

Within a program, paraxiai positioning biocks
entered via an axis address key can be inserted
between positioning blocks containing RO (no
radius compensation) that were programmed via
a contouring function key.

WRONG

16 L X+15,000 Y+20,000

RR F MO3
R- FI100 M

18 L X+50,000 Y+57000
RR F M

CORRECT

18 L X+15,000 Y+20,000
RO F M

19 L X+10000 Y+1000O
RO F M

20 X+40000
R« F M

21 L X+50000 Y+20,000
RO F M




Paraxial machining
Programming via axis address keys

AT
Entering Operating mode ___ S — ¥
paraxial straight Mo ’—— l
lines Dialogue initiation — @ or jw or 2 E
POSITION VALUE ? ’ E Incremental — absolute?
v ‘
rj Enter numerical value for selected ;
L axis. |
h 4
Press ENT.
v
TOOL RADIUS COMP: R+/R—/NOCOMP. ? | [R¢] [Re] Shect radius compensaton %
b 4
E Press ENT.
v
- \.
FEED RATE ? F = P Specify feed rate if required.
v
e Press ENT.
_ —
AUXILIARY FUNCTION M ? } D Specify auxiliary function if required.
b 4
§ Press ENT.
Sample display In black 119, the tool moves parallel to the X-axis
19 IX+46.000 by +46.000 pius the tool radius.
The feed rate is 60 mm/min., spindle rotation Is
R+ F60 MO32 clockwise.
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Playback

Procedure

Radius
compensation

P200

Paraxial machining
Playback programming

If the tocl has been moved in manual mode (via
handwhesel or axis address key), the actual posi-
tion of the tool can be transferred to the machin-
Ing program as a nominal position. This method
of entering data is cailed "playback” program-
ming.

Playback programming is cnly practical for par-
axial machining operations. Programming
compizax contours with this technique 1s not
recommended.

Move the tocl manually, via handwheel or axis
address key, 1o the required position.

In|[4> mode, within a positioning block, the
actual value of the position is transferred as a

.- i, . ]
nominal position value, by pressing the H’”' key.

The actual positien value already contains the
length and radius compensation data for the tool
currently in use. For this reason, enter the com-
pensation values L= 0 and R = 0 when defining
this tool.

When programming positiening blocks in play-
back mode, enter the correct tool radius compen-
sation R+ or R—. If a tool breaks or the original
tcol is replaced by another one, the new com-
pensatfion values can then be taken into account.

POSITION VALUE ?

19 X+10.000
R F M

20 (X

IST (X+18.000) Y+29.000
Z—10.000 C+180.000

TOOL DEF L=0

? R=0
st>




Tool
compensation

Length
compensation

Paraxial machining
Playback programming

The new compensation values are determined
according to the following formula:

R = RNEW — ROLD

R radius compensation value for
TOOL DEF

RNEw  radius of new tool

RoLD radius of criginal tool.

The new compensation values are entered during
tool definition of the original togl (R = C, L= 0.
The cempensation vaiue R may be positive or
negative, depending on whether the radius of
the new tool is larger {+) or smalier (=) than the
radius of the original tool.

The compensation value for the new tool length
is determined in the same way as for TOOL DEF.
in this case. the zero tocl is the ong originaily
used.

IR

SRR+
RoLD n_,,f %{-{}[‘\ _&‘.LJ
RNEW ‘ RNEW
R=0 Rpos. Rneg.
A

R=0

_LZQ{_,@“@*

TOOL DEF  TOOL DEF

R=+... R=-—...

TOOL DEF
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Paraxial machining
Playback programming

(]

Input Operating mode

example
Dialogue initiation or or or

POSﬂ'ION VALUE ? } @ Move tool manually to required posi-
) v tion if necessary.
Transfer nominal position value.
. 4
Press ENT.
v
TOOL RADIUS COMP.:R+/R-/NOCOMP.? ) fe%euciirgy ([adius compensation i
h.4
Press ENT.
v
FEED RATE ? F= ’ D Specify feed rate if required.
h 4
Press ENT.
v
AUXILIARY FUNCTION M ? } D Specify auxiliary function if required.
h 4
Press ENT.

‘ Program mput can be termmated prematnfeiy
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Positioning

Tool call

Feed rate

Spindle speed

P204

Paraxial machining
Positioning with MDI

in @J mode “Positioning with MDI”, paraxial

positioning blocks can be entered and executed
{without saving).

Each block must be run immediately after being
entered by pressing the external start button.

if a tool definition TOOL DEF has been saved in
the TNC's memory, a tool can be called via TOOL

CALL in mode. This also activates the new

tool compensation values.
The tocl is called by pressing the external start
button.

The programmed feed rate can be modified

¢ vig the internal feed rate override and/or

e via the external feed rate override on the
machine, depending on how the control system
was installed on the machine by the machine
manufacturer.

In the case of analogue cutput, the spindie speed
can be modified via the spindle override.

TOOL
CALL

Feed rate
override

Spindle
speed
override




Input example:
position data

Operating mode

Dialogue initiation

Paraxial machining
Positioning with MDI

<[]

OI’OFEOF

POSITION VALUE ? ’m Incremental - absolute?
b, 4 .
[ Enter numerical value for selected
‘ axis.
h 4
@1 Press ENT.
) Specify radius compensation if |
? L R
TOOL RADIUS COMP: R+/R—/NOCOMP.? ) R e
h 4 |
@ Press ENT. ‘
[ IS
FEED RATE ? F= r Specify feed rate if required, ‘
48 |
I@i Press ENT. |
AUXILIARY FUNCTION M ? Pl | specity auxiiary function if required.
v |
l@ Press ENT. :
BLOCK COMPLETE } @m} Run positioning block,
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Input example:
tool call

Paraxial machining
Positioning with MDI

Operating mode ._@L
Tacy
Dialogue initiation
-
TOOL NUMBER ? I Enter too! number. i
v
@ Press ENT.
WORKING SPINDLE AXIS X/Y/2 ? } Specify spindle axis, e.g. Z.
v
SPINDLE SPEED S RPM = ? P | Specify soindie speec.
! h 4
E Press ENT.
BLOCK COMPLETE ’ Start tool call.
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Machine
parameters

User
parameters

Programming

Buffer battery
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Machine parameters

To enable the machine to carry cut the com-
mands issued by the contro! system, the TNG
must "know" specific machine data, e.g. traverse
paths, acceleration data etc. These data are
defined by the machine manufacturer via so-
called machine parameters.

You can access certain machine parameters eas-
ily while in 00| operating mode, e.g. switching

from HEIDENHAIN plain-language programming
to standard 1SO format. The user parameters

availzble via the mop | mode are defined by the

machine manufacturer, who can also provide fur-
ther details on this subject.

The machine parameters must be pregrammed in
the control system during initiai commissioning.
This can be done vig an external data medium
{e.g. ME cassette or FE disk containing stored
machine parameters} or manually from the key-
board,

The machine parameters must be re-entered fol-
lowing an interruption of power with dis-
charged or missing buffer batteries. The con-
trol system prompts vou for the data in interac-
tive dialogue,

The buffer battery is the power source for the
machine parameter memory ard for the TNC's
program memory. It is located beneath the cover
on the front panel of the control unit.

When the message

= EXCHANGE BUFFER BATTERY =

is displayed, it's time 1o repiace the battery.
(Memcry contenis will be saved for about one
week after the above message is displayed.)

* All data memory, units: {(RAM) will be erased
the kuffer battery is replaced while the mains
- supply is switched off and machine parame- -
ters.will have:io be resentered. ~ 0 T

M.-PARAMETERS |

/

- »
ugoag goRa
acaopd goco

aqgo
goQQp -X-1-1-]
po0ag oged

* o0agaa
poaco
sucg uagou

a\ = otoag .
&
Battery type

Mignon cells, leak-proof
IEC designation: "LRG"
Recommended: VARTA type 4006




Machine parameters

Input from ‘
external ! } r Switch on power,
data medium
.l
0

-

MEMORY TEST

The control system checks the internal elec-
tronic controllers. Display is cleared automati-
cally.

. ool

EXCHANGE BUFFER BATTERY 3 insert new battery.

b
Clear message.

v

{ OPERATING PARAMETERS ERASED b Clear sror message.

For data input from magnetic tape:

MACHINE PARAMETER PROGRAMMING

MACHINE PARAMETER MP O ?

MNP 0: 0 } Insert cassette with parameters.

v
iNC | Select operating mode on ME unit.
v

E@ Start external data transfer.

MACHINE PARAMETER PROGRAMMING

EXTERNAL DATA INPUT

MP 0: O

Machine parameters are programmed auto- !
matically. [
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Machine parameters

For data input from disk:

MACHINE PARAMETER PROGRAMMING

MACHINE PARAMETER MP O ?

MPO:0 } Insert disk with parameters.
b4
2N
E@} Select external data transfer.

EXTERNAL DATA INPUT ?

v
©)

Press ENT to confirm.

4

Enter number of program containing

PROGRAM NUMBER = } D maching parameters.
v
Press ENT.
-
MACHINE PARAMETER PROGRAMMING
MACHINE PARAMETER MP 0 ?
MPO:0

Machine parameters are programmed auto-
matically.

When all parameters have been entered:

v
POWER INTERRUPTED 2 Clear Mmessage.
v

NC: PROGRAM MEMORY ERASED

’ Clear message.

{

RELAY EXT. DC VOLTAGE MISSING

} @ Switch on control voltage.

{

After traversing the reference points, the control
system is ready for operation.




Manual input

Machine parameters

Switch on powver.

v

MEMORY TEST

The control system checks the internal elec-
tronic controllers. Display is cleared automati-
cally.

v

EXCHANGE BUFFER BATTERY

314

Insert new battery.

Clear message.

{

OPERATING PARAMETERS ERASED 2

Clear error message.

{

MACHINE PARAMETER PROGRAMMING
MACHINE PARAMETER MP 0 ?

MP 0: 0 2

o) Il

Enter machine paramete MP Q from
table.

Prass ENT.

After each machine parameter is entered, the
screen display advances automatically to the next

®

parameter. Prass after entering each para-
metsar.

When ail parameters have been entered:

{

POWER INTERRUPTED 2

Clear message.

{

NC: PROGRAM MEMORY ERASED 2

Clear message.

{

RELAY EXT. DC VOLTAGE MISSING

40

Switch on controf voltage.

(

After traversing the reference points, the control
system 1s ready for operaticn.
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Machine parameters

Mactine _ ' Machine- . Machine
pararneter T parameter : - parameter - _
number Input value number . o inputvalue number C o inputvalue
MPOR - - G el et '
MPO1 - : e MP BT e e CMP DT
MP 02 . e MPB2e e e MPTO2
MPO3 . - "mP B3
MPO5 . - MP 55 - " "MPI05 .
T MP BB e i T NP
COOUMPUBT L T e MPAGT S
MP 58 o e MPIO8T G

MP 103
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Machine parameters

Machine' L Machine = . : Mac_.,i'iine
‘parameter . O ‘pargmeter - ot parameter
ngmber - lnput value number  © . inputvalue  number. input value

MP1BYT. o MP 20T - . . MPZ51 R
MP182 . . ... MP202 . o cooan o GMPRBZ L
MP4B3 o oo CMP20R e o L MPPB3

MP IS4 CMP 204 e T PR

MP1B6 oo o MPR0B e ot CMP2BB ot o
T T o e e e

MP157.C o  MP207  MPasT
MP158 o MP208 U MPOBS. ..
T . e e
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Programming in 1SO format
Introduction

Snap-on With the TNC 151/TNC 155 you can enter pro-
keyboard grams either in HEIDENHAIN format, featuring
operator prompting in plaindanguage interactive

dialogue. or in standard ISO 6983 format. Pro-
gramming in ISO format can be an advantage
when creating programs with external computer
systems.

A snap-on overlay keyboard, with standard
address kevys, is available for ISO programming
onh the control unit. The keyboard is simply pla-
ced over the control unit keyboard and held in
p%ace magnetically.

The ;ntemai . key is asssgned 10 the . :

key for ISO programmmg the E key per-

forms the funczlon of the mi*ema! E key

Program input The key assignment of the overlay keyboard is
functiona! after switching from HEIDENHAIN
plain-language dialogue prompting to standard
programming.

Program input in ISO format is dialogue-prompt-
ed to some extent. Individual commands {words)
can be entered into a block in any sequence. The
control system sorts the programmed commands
automatically when a block is complete and dis-
plays any errors made while pregramming or
executing the program with plain-fanguage error

messages.

Block format: Positioning blocks may include:

positioning # 8 G-codes {preparatory functions) of various
blocks groups (see “G-codes”) plus an additional GO0

or G91 for each coordinate;

¢ 3 coordinates (from X, Y, Z, V) pius two
circle centre/pole coordinates {from |, J, K);

e 1 feed rate F {max. 5 digits};

e 1 auxiliary function M;

® 1 spindle speed S {max. 4 digits);

¢ 1 tool number of various groups (see “G-
codes”) {(max. 3 digits).

Block format: Blocks with canned cycles may inciude:
canned cycles e 3!l individual data for the cycle (cycle para-
meter P},

¢ 1 auxiliary function M;

¢ | spindle speed 3,

e 1 tool number of various groups (see "G-
codes”) (Tool call);

¢ 1 positioning block;

e | feed rate F;

» cycle calil.
Error The TNC displays block format errors while the
messages plock is being entered, e. g.

= (-CODE GROUP AL READY ASSIGNED =
or after block entry is complete. e.g.
= BLOCK FORMAT INCORRECT =



Changing from
HEIDENHAIN to
ISO programming

Remarks on
external
programming

D2

Programming in 1SO format
Changing programming modes
External programlmming

The changecver from HEIDENHAIN 10 1SC pro-
gramming format is made via a machine pararme-
ter. This parameter can be medified by means of
the MOD function “User parameters”. User para-
meters are defined by the machine manufacturer,
who can alse provide you with further information,

® At program start, in front of the % sign and
after each prograrnm: block, CR LF or CR FF or
FF must be programmed.

@ After the block program end, CR LF or LF or CR
FF or FF and additionally ETX {control C} must
be programmed. In place of ETX a replacement
sigh can be determined via machine parameter
(see data interface description TNC 151/155).

® Intervals (blank spaces) between the individual
words can be left out.

® 7eros after a point can be left out.

Beginning with software version 03:

® During input of DIN blocks the sign "™ is no
fonger necessary at the end of a block.

@ During output of DIN blocks the sign "*" is no
longer put out by the control.

® During input of NC programs, commentaries
that are marked with “*” or ™" arg ignored.



Programming in ISO format
Changing programming modes

Operating mode

D optional

Dialogue initiation

MaD

Select MOD function “User parame-

VACANT BLOCKS: 1638 P loof [+] 5o
v
USER PARAMETERS 3

b 4
m Select desired user parameter.

v

Dialogue defined by machine manufacturer
Program input in HEIDENHAIN format:
or

Program input in ISO format:

v
4°

)
m
jAE

Exit supplementary mode.

v
G~

Exit supplementary mode.

1

POWER INTERRUPTED

hd
)

Clear error message.

{

‘RELAY EXT. DC VOLTAGE MISSING

&

Switch on control voltage.

{

After traversing the reference points, the control

system is ready for operation.

After switching programming modes, plain-lan-
guage programs are automaticaily converted to

ISO format and vice versa.

- grammed The symbol*therz appears A
“subsequent bioc . fwmen in pi' 'n-ianguagej

" format, : .
ek stands for Cartes:an coordmates
eP stands for polar coordinates.
. & F MAX signifies rapid traverse, . 7 -

D3



Entering single
commands

Editing

D4

Programming in ISO format
Control system operation

Single commands consist of ar address and

additional data. SINGLE COMMAND:

To enter a single command, first press the alpha

address key and then enter the additional data GO1
from the nurneric keypad. L
Conclude the entry for the single command by
pressing the alpha address key te enter the next AD DlTIONAL DATA
command.
~ To conclude the block, press . , {code number)

ADDRESS

X—10
L ADDITIONAL DATA

{dimension)

ADDRESS

You can make changes to a program immedia-
tely while entering the block or later after pro-

gram input is complete. The . . . EI
. keys are provided for this purpose {see "Edi-

ting”).
In contrast to HEIDENHAIN plain-language for-
mat, you can move the cursor in ISQ format with

the E] and keys.

When the highlighted pointer is located on a
single command within a block, you can start a

search routine by pressing the .keys.
When you are finished editing, use the key
to move the highlighted pointer beyond the
beginning of the block, the E key to move it
beyond the end of the block, or press .

Press ﬁ@ to delete incorrectly entered additio-
nal data.

A zelo whzch can be overwntten Wt!l appear 3;
m tho poanter when you press '

Delete incorrectly ertered address letters or ’ DEL Delete single
entire single commands by pressing . = command

' To do-this, the hlghiighted pomter must: b
{ocated. Qver the command you wish

be deIetedl

DEL
} 0 Delete block




Program
management

Block number

Programming in ISO format

Program management

The TNC's memory can accommodate up to 32
programs with a total of 3,100 program
blocks. A program may contain up to 1.000
blocks. You can create a new program or call up

PGM

an existing cne by pressing | "o

call™).

{see "Program

The number of characters {bytes) contained in
the program is indicated after the program num-
ber in the program library, e.g. 333/1278.

Thea block number consists of the address N and
the actual block number. it can be enterad

manually via the E key or set automatically

by the control system. The interval between indi-
vidual block numbers is defined with the MOD
function “Block number increment”.

The TNC executes the program in the sequence
in which the blocks were entered. The block
number itself has no effect on the sequence in
which the program is executed.

When editing a program, biocks with any block
number may be inserted between two existing
prograrm blocks.

N20 | GO2 X+68 Y+90 *

N30 |GO1 X+10 Y—10 *

N4Q | X—40 Y+5 *

NbBO | X+50 *

I

Block numbers

D5



Programming in 1SO format
G-codes

Categories G-codss, also known as preparatory functions,
mainly represent path characteristics for tool
moverient. They consist of the address G and a
two-digit code number. The G-codes are subdi-
vided into the following groups:

G-codes for positioning

Target position in Cartesian Coordmates

GOC - GO7

Target position in polar coordinates: G10 ~ G16

G-codes for cycles

Machining cycles:
Drilling cycles G83 - G84
Milling cycles G37/G56 — GB3/G74 — G78
Cycle call G79

Cycles for coordinate transformations:
Cycles G28/G54/G72/G73

Dwell fime cycle: G04

Spindie orientation cycle {optional): G36

Freely programmable {variable) cycle:
{Program call) G39

G-codes for selecting machining plane

G17 Plane selection XY, tool axis Z,
angular reference axis X

G 18 Plane selection ZX, tool axis Y,
anguiar reference axis Z

G19 Plane selection YZ, tool axis X,
angular reference axis Y

G20 Tool axis IV

G-codes for milling and rounding corners and
tangential contour approach

G24 - G27
G-codes for path compensation
G40 - G44

Misceilaneous G-codes

i G29  Transfer of last nommal posmon value as
pole :

. G30 Blank form defi nmon for- graphtcs mm
Co ~poirit . :
~G31 'gﬁank form defuutson for graphxcs max
L point :
G38 Corresponds To. STOP b!ock i %
- HEIDENHAIN format :
G50  Erase/edit protection {at beglnmng of _
program) o
GB1. Next tool number when central tool .
memory is used
Gbb  Touch-probe function, workptece surface
] as reference plane
G70 Dimensions in inches {at begmnmg of
programj
G71 Dimensions in mtlltmetres {at beglnmng
of program)
G90.  Absolute dimensions
G91  Incremental dimensions
G298  Set label number -
(99 Tool definition

Dé



Entering
G-codes

Programming in 1SO format
G-codes

All the G-codes in a program block must be from
different groups. e.g..

N101 GOT GBO ... G41.

Muttiple G-codes programmed from the same
group would contradict each cther, e.Q.:

N10b GO2 GG3 ...

The TNC indicates this situation during program
input by generating the error message
= G-CODE GROUF ALREADY ASSIGNED =

If a code number that is unrecegnized by the
control system is assignad to the address G, the
error message

= [LLEGAL G-CODE =

is displayed.
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Programming in ISO format
Dirnensions in inch/mm
Erase/edit protection

Dirmensions G70 Dimensions in inch (dialogue-prompted)
in inch/mm —
G71 Dimensions in mm (dialogue-prompted)

After dialogue initiation via and
response 1o the prompt

PROGRAM NUMBER

the fallowing dialogue prompt appears:

MM = G7#/INCH = G70

Respond to the prompt by entering G71 or G70.

Block format {example}

%2GTT -

% Beginning of program
2 Program number
G71 Dimensions in mm

", Erase/edit protection (dialogue-
promptad)

if the [E‘ keys are used in the initial

program block (e.g. %2 G71), after program input
is complete, to select the dialogue prompt

Erase/edit
protection

PGM PROTECTION 7

the program can be safeguarded from being
erased or altered by entering G50.

Block format {example)

% Beginning of program
2 Program number

71 Dimensions in mm
GBO Erase/edit protection.

The erase/edit protection is cancelled by entering
the code number 86357,

Please see “Erase/edit protection” for explanation.
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Tool definition

Tool call

Next tool

Programming in ISO format
Tool definition/Tool call

G99

Tool definition {dialogue-prompted)

Block format (sxample)

G99 T1 L+0 R+20

G99
T..
L.
R...

Tool definition

Tool number

Tool length compensation
Tool radius compensation

Ptease see "Tool definition” for explanation.

Tool call

Block format (exampie}

T1 G17 51000

T..
G17
S...

Tool call + tool number
Selection of plane XY, tool axis Z

Spindle speed

Please see “Tool definition” for explanation.

G51

Next tool when central tool memory is
used.

Block format {example)

G51 Tl

Gb1
T...

Next tool
Tool number

bed |
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Cartesian
coordinates

Incremental/
absolute
dimensions

Polar
coordinates

D10

Programming in ISO format

Dimensions

Cartesian coordinates are programmed via the

E keys. Up to 3 target point

coordinates can be specified for lingar interpola-
tion and up to 2 target point coordinates for cir-
cular interpolation.

The G-code GO0 "Absoiute dimensions” and G917
“Incrernental dimensions” are modal commands,
i.e. each remains in effect until cancslied by the
other G-code (G971 or GO0},

Te specify coordinates in absolute dimen-
sions, the Gcode G90 — Absolute dimensions
must be entered before the coordinate or already
be active.

To specify coordinates in incremental dimen-
sions, the G-code G91 - Incremental dimen-
stons must be entered before the coordinate or
already be active.

Polar coordinates are prograrmmed via the

key (polar coordinate angle H} and the @ key
(polar coordinate radius R).

The pole must be defined before entering the
polar coordinates.

G

G80

Pole




Pole/circle
centre

Pole definition
G29

Programming in ISO format

Dimensions

The pole/circle centre is always defined by two
Cartesian coordinates. The axis designations for
these coordinates are:

e | for the X-axis

e J for the Y-axis

e K for tha Z-axis

The pole/circle centre must be located in the
appropriate machining plane:

A e C@fdin&fes’ o
- Machining piene = of polg/ = -
N R circle centre -
 XYpane NIt
K
SR
Use the E] @ keys to enter the coordi-

nates.

To transfer the last nominal position value as a
pole, stmply enter the code G29.

Example:
N30 G0O1 GS0 X+30 Y+50

N40 G29 G11 R+50 H-45

DM



Target position
in Cartesian
coordinates

Paraxial
positioning

™2

Programming in ISO format

Linear interpolation

GOQ__ Linear interpolation, Cartesian, in
rapid traverse.

Block format (example}

GO0 G90 X+80 Y+50 Z+10

GCO0 Linear interpolation, Cartesian, in rapid

traverse
G20 Absolute dimensions
X .. X-ceordinate of target position
Y ... Y-coordinate of target position
Z ... Z-coordinate of target position

Simultaneous traversing of three machine
" axes in.a straight fine is not available on
models TNC 151 FANC 155 F/T NC 151 W/ o
-TNC155W TR IR

— T

"*@O1 . Linear interpolation, Cartesian.

Block format (example)

m—.;,.;,,.rswu T

*ﬁ;..a.mu

GO Linear interpolation, Cartesian
GY90 - Absolute dimensions
X-coordinate of target position
Y-coordinate of target position
Z-coordinate of target position
Feed rate

N X

G07 Paraxial positioning tlock
GS0 Absolute dimensions

X ... Coordinate of target position
F... Feed rate

G07 is active only in the biock in Whlch it lS
prog'ammed (non-modal)

<V




Programming in 1SO format
Linear Interpolation

'al';:msmon G10  linear interpolation, polar, in rapid ] |
. traverse. i
dinates * .‘
|
Block format {example} * |
Fvax
G90 1+20 J+10 G10 R+30 H+45 | Gip

G0 Absolute dimensions

... X-coordinate of pole

J .. Y-coordinate of pole R

G1G Lirear interpolation, polar. in rapid H

traverse Pole
R... Polar coordinate radius to end position |
H... Polar coordinate angle to end position J

61} | Linear interpolation, polar.

Block format (exampie)

G91 1+10 J~30 G11 G90 R+30 H+45 FI50
G Incremental dimensions
(- X-coordinate of pole
J. Y-coordinate of pole
Gl Linear interpolation, polar
G20 Absolute dimensions
R.. Polar coordinate radius to end pesition
H... Polar coordinate angle to end position
F.o.. Feed rate
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Target position
in Cartesian
coordinates

D4

Programming in 1SO format

Circular interpolation

GO. - Circular interpolation, Cartesian,
~ clockwise, defined via ¢centre point
and target position.

Block format (example)
Preceding block: Approach to starting point of
arc

".G90 1+30 J+30 GO2 X+69 Y+23 FI50

(90 Absolute dimensions

] X-coordinate of circle centre

J... Y-coordinate of circle centre

c02 Circuiar interpolation, Cartesian,
ctockwise

X ... X-coordinate of target position

Y Y-goordinate of target position

F Feed rate

% Circular interpolation, Cartesian,
counterciockwise, defined by
centre point and end position.

Biock format {example)
Preceding block: Approach to starting point of
are

G20 Absolute dimensions

| X-coordinate of circle centre

J.. Y -coordinate of circle centre

GO3 Circular interpolation, Cartesian,
counterclockwise

X ... X-coordinate of target position

Y Y-coordinate of target position

F Feed rate

Circular interpolation, Cartesian,
no specified rotation direction,
defined by centre point and end
position,

Block format (example)
Preceding block: Approach to starting point of
arc

G90 Absclute dimensions

| X-coordinate of circle centre

J... Y-coordinate of circle centre

G0% Circular interpelation, Cartesian,
no specified rotation

X ... X-coordinate of target position

Y Y-coordinate of target position

F Feed rate

: If circular interpo'lvation with sbediﬁea rotation. )
has not already been executed before circu-. .
lar interpolation with G05,/G15 this message

will appear:
= PROGRAM START UNDEFINED =

J
Y
. @ —
) X
!
Y
J
A\ -
@X x




Programming in 1ISO format
Circular interpolation

:I'arget position G002 Circular interpolation. Cartesian,
in Cartesian clockwise, defined by radius and Y
coordinates L Y 8 ‘
end position. GO2
Block format (example)
Preceding block: Approach 1o starting point of
arc &
GO02 G90 X+69 Y+23 R-20 FI150
oy Circular interpolation, Cartesian,
clockwise i
G90 Absolute dimensions
X ...  X-coordinate of end position Y
Y ... Y-coordinate of end position N
&--... Circle radius, central angle greater than —G - X
180° X
F.o. Feed rate ¢+ -~
GO03 Circular interpolation, Cartesian,
counterclockwise, defined by Y
radius and end position. * <03
Block format {example)
Preceding block: Approach to starting point of
arc '\{;
GO03 G90 X+12 Y+32 R+20 F150 A
G03 Circular interpolation, Cartesian,
counterciockwise Y
G20 Absclute dimensions
Ko X-coordinate of end position
Y ... Y-coordinate of end positicn )
R+... Circle radius, central angle less than 180° "'_@* - X
F.. Feed rate X

G085  Circular interpolation, Cartesian,
no specified rotation defined by Y
radius and end position.

-
T

Block format (example}
Preceding block: Approach to starting point of
arc

GOS5 G90 X+5 Y+30 R+20 FIS0 )

GOB Circular interpolation, Cartesian,
no specified rotation
(G980 Absolute dimensions

X ... X-coordinaie of end position

Y ...  Y-coordinate of end positon

R+... Circle radius, central angle less than 180°

F.o.. Feed rate X
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End position
in polar
coordinates

D16

Programming in 150 format

Circular interpolation

G12  Circuler interpolation, polar,
— clockwise.

Block format (exarmple)

Preceding block: Approach to starting point of
arc

- G90 1+50 J+40 G12 H-46FI50——

G90  Absclute dimensions _
X-coordinate of pole/circle centre

NI Y-coordinate of pole/circle centre

G12 Circular interpolation, polar, clockwise
H... Polar coordinate angle 1o end position
F Feed rate

Circular interpclation, polar,
counterclockwise.

Block format (example)

Preceding block: Approach to starting point of
arc

G380 Absoiute dimensions
... X-coordinate of pole/circle centre

J.o. Y-coordinate of pole/circle centre

G13 Circular interpclation, polar, counter-
clockwise

Ga1 Incremental dimensions

H... Poiar coordinate angle to end position

F... Feed rate

Circuiar interpolation, polar.
no specified rotation
{also see function GOB).

Block format (example)
Preceding block: Approach to stariing point of
arc

G90 Absolute dimensions
l... X-coordinate of poie/circie centre

J... Y-coordinate of pole/circie centre

Gib Circular interpolation, polar, no specified
rotation ,

H... Polar coordinate angle to end positien

F Feed rate




End position
in Cartesian
coordinates

End position
in polar
coordinates

Programming in ISO format

Circular interpolation

Tangential transition arc

GO06 Circular interpolation, Cartesian,
tangential transition to contour,
defined by end position.

Block format (example)
G06 G90 X+50 Y+10

GO6 Circular interpoiation, Cartesian,
tangential transition 1o contour

G90 Absclute dimensions

X ... X-coordinate of end position

Yo Y-coordinate of end position

G16  Circular interpolation, polar,
tangential transition to contour,
defined by end position.

Block format (example}
G90 1+50 J+30 G16 R+15 H-60

G90 Absolute dimensions
b X-coordinate of pole

Jo Y coordinate of pole

316 Circular interpolation, Cartesian,
tangential transition to contour

R.. Polar coordinate radius to end position

H... Polar coordinate angle to end position

X
Y
‘. GO1
: G%,

)
J
p @ -~ X

| |
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Hefical
interpolation

D18

Programming in ISO format

Helical interpolation

Helical interpolation is the combination of a circu-
lar interpolation in the machining plane and
superimposed linear motion on the tool axis.
Please see "Helical interpolation” for further
information.
Helical interpolation is not available on .
models TNC 151 F/TNC 155 -F/TNC 1581 W/
TNC 155W, . ' A

Helical interpolation,
clockwise.

Helical interpclation,
counterclockwise.

Block format (example)

G90 Absolute dirmensions
I ... X-coordinate of pole/circle centre

J... Y-coordinate of pole/circle centre
G12 Circular interpolation, polar, clockwise
G991 Incremental dimensions
H... Polar coordinate angle =

angle of rotation
Z... Height cocrdinate of helix

*Z

Starting position




Compensated
tool path

Tool path
compensation

Tool radius
compensation
with paraxial
positioning
blocks

Programming in ISO format

Tool path compensation

Tocl path compensation means that the too!
moves to the left or right of the programmed
contour, with the cutter axis offset by the amount
of the toeol radius, thus preducing the actual
programmed contour. A transition arc K is
inserted into the too! path automatically on outer
corners. Cn inner corners the TNC automati-
cally calculates a path intersection S to prevent
back-cutting on the contour.

Too! path compensation is programmed via G-

codes, which are modal commands, i.e. they

remain active until cancelled or replaced by an-
other G-code.

You can enter a tool path compensation in any
positioning block.

G40 The tool moves precisely on the pro-
grammed contour. (Cancel path com-
pensation with G41/G42/G43/G44).

G4l The tool moves on a path to the left
of the contour.

G42 The tocl moves on a path 1o the right
of the contour.

In the case of paraxial positioning blocks, the tool
path can be shortened or extended by the
amount of the tool radius.

G43 Tool path is extended
G44 Too!l path is shortened

A

e

A,

G42 | >

R —t R —
@  Ga3
R =
| G44
X
NOMINAL

D19




Programming in ISO format
Chamfers/Rounding corners

Chamfers G244 Chamfers

Program format Y A (24 Chamfers

N25 GO1X... Y ... (position P1)

N26 G24 R ... (chamfer) PV«

'N27 X ...'Y ... (position P2)

The function G24 can also be programmed in the
positioning block for the cormer P1 to be P2

chamiered. -@? : >
X

Please see "Chamfers” for further explanation.

Rounding corners @28 Rounding comers

Program format : YA G256 Rounding corners

The function G25 can also be programmed in the
positioning block for the corner P to be rounded.

Please see "Rounding corners” for further expla-
nation.

A posztaonang book thh both coordznates o
the machining plane miust ke programmed

~‘before and after the round:ng Comers/ ;
charnfer func’(:on
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Programming in ISO format
Tangential contour approach and departure

Tangential G26

contour approach Contour spproach on an arc with

tangential transition to first contour
element (diatogue-prompted).

Program format

N25 G40 GOt X ... Y ... (position PS)

N26 G41 X ... Y ... (position P1)

G

pr

N27 G26 R ... {arc)

G40

The function G26 can also be programmed in the
positioning block for the first contour position P1.
See "Contour approach on an arc” for explana-

tion. PS
Tangential G27 Contour departure on an arc with
contour tangentia! transition to the previousl
departure 9 Y

finished contour element (dialogue-
prompteds.

Program format

N35 G41 GO1 X.... Y .., (position P)

N36 G27 R... (arc)

N37 G40 X ... Y ... {position PE)

G4 R
The function G27 can also be programmed in the O
positioning block for the last contour position P.
See "Contour departure on an arc” for explana-

tion, PE

D21



Categories

D22

Programming in 1SO format
Canned cycles

Cycles are subdivided into the following catego-
rnes:

« Machining cycles {for workpiece machining).
o Coordinate transformations (for sltering the
coordinate system).

» Dwell time

e Freely programmable (variable} cycles

» Spindle orientation (cptional)

Machining cycles are defined via the G-codes
and must be called up separately following cycle
definition via G79 ~ "Cycle call” or M99 - "Cycle
call” or-M89 - "Modal cycle call”. This also
applies to the freely programmable (variable)
cycles and spindle orientation.

Coordinate transformations are effective
immediately following cycle definition via G-
codes ard do not require a separate cylce call.
This is also true of the Dwell time and Contour
cycles

Programmzble machining cycles (dialogue-
prormpted):

G83 Peck driling
G84 Tapping

G74 Slot milling

G75 Rectangular pocket milling, clockwise

G768 Rectangular pocket milling,
counterciockwise

G37 Definition of pocket contour

G56 Pilot drilling of contour pocket

G57 Rough-out contour pocket

G58 Contour milling {finish}, clockwise

G59 Contour milling {finish), counterclockwise

Programmable coordinate transformations
(semi-dialogue-prompted)

G28 Mirror image

G54 Datum shift

G72 Scaling factor

G73 Coordinate system rotation

Additional cycles (dialogue-prompted)
G04 Dwell time

B36 Spindle orientation {(optional)
G39 Freely programmakie cycle {Program call)



Peck drilling

Tapping

Programming in 1SO format

Machining cycles

G83 Peck drilling (dialogue-prompted)

Biock format {(example}

G83 PO1 —2 P02 —20 PO3 —10

P04 O P05 150

(83  Peck driling

PO1 Set-up clearance
P02  Total hole depth
PG3  Pecking depth
P04 Dwell

POB  Fsed rate

See "Peck drilling” for explanation of cycle para-
metears and cycle procedurs.

GB4  Tapping (dialogue-prompted)
Block format (example)
G84 P01 -2 P02 —20 P03 0 P04 80

G834 Tapping

PO1 Set-up clearance

POZ  TTotal hole depth (thread length}
PO3  Dweli

PO4  Feed rate

See “Tapping” for explanation of cycle para-

meters and cycle procedure.

Set-up

1 clearance

Set-up

y Clearance

- 4 -}
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Slot milling

D24

Programming in 1SO format
Machining cycles

G74 Stot milling {dialogue-prompted)

Biock format (example)

G74 POl -2 P02 —20 PO3 =10 PO4 80 . =

See “Slot milling” for explanation of cycle para-

.- POB X¥50 P06Y+10P07150
G74  Slot milling

PO1 Set-up clearance

POZ  Milling depth

PO3  Pecking depth

PO4  Feed rate for vertical feed

POS  Longitudinal axis and length of slot

P08  Transverse axis and width of slot

PO7  Feed rate

meters and cycle procedure.

/|

Starting
__position | Set-up clearance
4 ecking
% —ydepth Miliing /

} | ength
of side
2




Milling
rectangular
pockets

Programming in I1SO format

Machining cycles

G75 Rectangular pocket milling, clockwise
{cialogue-prompted)

G76 Rectangular pocket milling, counter-
clockwise (dialogue-prompted)

Block format (cxample G78)

G76 PO1 -2 P02 —20 P03 —10 P04 80

P05 X+90 P06 Y+50 PO7 150

G576 Rectangular pocket milling,
counterclockwise

PO Set-up clearance

P02 Milling depth

PC3  Pecking depth

P04  Feed rate for vertical feed

P05 1% axis and side length of pocket

P06 2™ axis and side length of pocket

PG7  Feed rate

See "Pocket milling” for explanation of cycle
parameters and cycle procedure.

Starting
position Set-up
clearance
Packing, N V.
depth | Miling 1/

G76

Starting
ositicn
6 Length
of side
2
G75 |

Length of side 1
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Milling
circular
pockets

D26

Machining cycles

G717 Circular pocket miliing, clockwise
{dialogue-prompted)

G78 - Circular pocket milling, counter-
T clockwise (diaiogue-prompted}

Block format {example G78)

Programming in ISO format

- G78°P01 =2 P02.-20 P03 ~10 PO4'80 -

G78 Circular pocket milling, counterclockwise
POT  Set-up clearance

POZ2  Milling depth

P03  Pecking depth

P04  Feed rate for vertical feed

P05  Circle radius

PO6 Feed rate

See “Circular pocket” for explanation of cycle
parameters and cycle procedure.

Starting
_position

Set-up
clearance

Pecking Milling /

4
7 depth_"‘ i depih |.

Starting
position




Contour

Pilot drilling

Programming in ISO format

Machining cycles

G37 Definition of pocket contour (dialogue-
prompted)

Block format {example)

G37 PO1 41 PO2 42 PO3 43 P04

PO5 PO6 PO7 PO8 P09 P10 P11 P12

337  Definition of pockat contour

PO1 First subcontour {must be programmed as
pocket)

P02  Second subcontour

Pi2 Twelfth subcontour

See "Conteour cycle” for explanation of cycle.

G56 Pilot drilling of contour pocket
(dialogue-prompted)

Block format (example)

G56 PO1 -2 PO2 —18 PO3 —10 -

PO4 40 PO5 1,5

b6 Pilot drilling of contour pocket
PO1 Set-up clearance

P02  Total hole depth

PO3  Pecking depth

P04  Feed rate

PO5  Finishing allowance

See "Rilot drilling” for explanation of cycle para-
meters and cycle procedurs.

—

P03 43
opor4r

¥Y<

Starting position

—
Set-up
¥ clearance
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Rough-out

D28

Programming in ISO format

Machining cycles

G857  Rough-out contour pocket
{(dialogue-prompted)

Block format (example)

@57 PO1—2 PO2 18 PO3 =10

0440705 2 P06 +45 PO7 120

PO1 Set-up clearance

POZ  Milling depth

P03  Pecking depth

PO4  Feed rate for veriical feed
P05  Finishing allowance

P06  BRough-out angle

P07 Feed rate

See ‘_‘-Roughw'dut:”. fbjr‘expféﬁétién'bf'chIé: I

2 _paraameteéfs_ and;'cycle.; procedure. :

Cycle pgrameters PQ1/P0Z/PO3 must have the

same Ssign.

Set-up clearance

Pecking
—ydepth | Milling depth
7777

/

~_ Finighing allowance

~

Rough-out
angle

- =,

L ’Fihi&iiﬁé; allowarice

Y<




ntour milling

Programming in ISO format

Machining cycles

(558 Contour milling {finish). clockwise
{dialogue-prompted)

(359 Contour milling {finish), counter-
clockwise (dialogue-promptad)

Block format {example Gb8)

658 PO1 —2 P02 —18 P03 -10

P04 80 PO5 120

GBS Contour milling, clockwise
PO1 Set-up clearance

202 Milling depth

P03 Pecking depth

PG4 Feed rate for vertical feed
POS  Feed rate

See “Contour milling” for explanation of cycle
parameters and cycle procedure,

Set-up clearance

o
7 gepth ¢

|
7T

/

Milling
depth

Y

%

Finishing allowance
from cycle G57
Rough-out

Programmed
contour

Y
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Programming in ISO format
Coordinate transformations

Mirror image )
G28  Mirror image

Block format (example)

G28 X

GZ8  Mirror image cycle
X Mirrored axis

Two axes can also be mirror-imaged simul-
taneously; the tool axis cannot be mirror-imaged.

See "Mirror image” for explanation of cycle.

&
8

Xz -n x4 Xz

Datum shift .
Gb4 Datum shift

Block format (example) ‘

G54 GI0 X+50 GI1 Y+15 Z-10

G54 Datum shift cycle
G90  Absolute dimensions
X Shift of X-axis

691 Incremental dimensions
Y ... Shift of Y-axis
Z ... Shift of Z-axis

See "Datum shift” for explanation of cycle.

Scaling factor
G72 Scaling factor {dislogue-prompted)

Block format {example)
G72 F1.7

G72  Scaling factor (cycle)
F ... Scaling factor

See "Scaling factor” for explanation of cycle.
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Programming in 1ISO format
Coordinate transformations
Dwell time cycle, freely programmable cycle

g°;':,',’,’ ate G73 Rotaticn of coordinate system
rgtation {dialogue-prompted) A

Block format {example)

G380 G73 H+120 G17

(S0 Absolute dimensions
G73 {LCoordinate system rotation (cycle)

H ... Angle of rotation
G17  Selection of plane for angular reference
axis

See “Rotation of coordinate system” for explana-
tion of cycle.

Dwedl . .
time cycle GO4 Dwell time {dialogue-promptad}
Block format (example}
G04 F5
G044 Dwell time (cycle)
F... Dwell time in seconds
See "Dwell time” for explanation of cycle.
Freely .
G39 Freely programmable cycle
g;z?fmmable {dialogue-prompted)

{Program call) Block format {(example}

G39 POT12
(335 Freely programmable cycle

{Program call)
PG1 Program number

See “Freely programmable {(variable} cycle” for
explanation ¢f cycle.
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Spindle
orientation
{optional)

Workpiece
surface as
reference plane

Programming in 1SO format
Touch-probe function
Spindle orientation cycle

G36 Spindle orientation {optional, dialogue-
prompted)

Block format (example)
G36 S+45

(36  Spindle orientation cycle
S Angular position of spindie

See "Spindle orientation” for explanation of cycle.

G55 - Touch-probe function, workpiece
surface as reference plane (dialogue-
prompted}

Block format {example)

G55 P01 10 P02 Z— PO3 G90

| X+50 Y+50 Z—20

GBS Workpiece surface as reference piane
PO Parameter number for measurement
P02  Approach axis and direction

P03  Probing point

(e

See chapter “Touch-probe” for explanation of

probe function.
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Label number

Program part

Subroutine

D34

Programming in 1SO format

Subroutines and
program part repeats

A label number (program marker} is pro-
grammed with the command G898 L. .. This labe!
number can be included in any desired program
black that does not contain a label call.

A jump command is programmed with the ad-
dress "L” followed by the label number.

The program part is identified by G88 L ... {label
number) at the beginning of the program.

The label call "L ..., ... “ forms the end of a pro-
gram part repeat. When programming a pro-
gram part repeat, enter the number of repeti-
tions after the label number. Separate the labsl
number from the number of repetitions with a

decima! point D e.g.

L 15.8: call label 15
repeat program part 8 times.

The beginning of a subroutine is identified by
(GS88 L ... {label-number). The end is formed by
entering G98 LO {label number Q).

A subroutine call is also programmed by
entering the address L. followed by the label
number.

Do not program repeti
- subrouting call:

Program label:

N35 G98 L15 GO1 ...

e Ve

Label number 15

Label call:

N45LI5...

Program part:

N35 G98 L15 GOt ..

Program part repeat:

N70 1158

Subroutine:

N75 G98 L19 GO0 ...

N90 G98 LO

Subroutine call:




Programming in ISO format
Program jump/STOP block

Jump to Use the éfi key to program a jump to another
another program.
program

Block format {examplel
%29

% ... Program call

See “Program call” for further information.

STOP block G38 Corresponds 10 STOP block in
HEIDENHAIN format.

Block format {example)

G38
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Setting
parameters

Defining
parameters

Block format

D36

Programming in ISO format
Parameter programming

Parameters are markers for numerical values that
are based on units of measuremant. They are

identified by the fetter "0" and a number and are DOO:  Assignment

entered (set) using the @ key. DO1: Addition
DO2: Subtraction
D03: Multiplication

004:  Division

D05: Square root

D06: Sine

DO7: Cosine

DO8: Root sum of squares
Parameter definition is the process of assigning DOS:  IF egual. THEN jump
a given numerical vaiue or allocating a numerical D10: IF not equal, THEN jump
value via mathematical or logical functions. Para- D11: IF greater than, THEN jump
meter definition consists of the address D and a D12: |F fess than, THEN jump
code number {see table at right). Parameter defi- D13: Angle
nition is dialogue-prompted. D14: Error number

Program definition requires a program block.

The individual block compenents of parameter
definition are identified by the letter P and a
number (also see cycle parameters for machin-
ing cycles). The significance of these components
depends on their sequence in the block, which in
turn, depends on the input dialogue. To check
this, we recommend moving the highlighted poin-

ter in the block with the B and T keys.
—

The corresponding dialogue prompt for each
block component will be displayed.



Programming in ISO format
Parameter programming

Example 1: Q98 = V=2
D05 Q98 PO1 +2

D05 Square root

Q98  Parameter to which result is assigned

PO1 Parameter or numerical value in square
root

Example 2: Q12 = Q2 x §2
D03 Q12 PO1 +Q2 PO2 +62

DC3  Multiplication

012 Parameter to which result is assigned
PO Factor 1 {parameter or numerical value)
P02  Factor 2 {(parameter or numerical value)

Example 3: iF Q8 less than QB THEN jump to
L3L 3

D12 POt +Q6 P02 +Q5 PO3 3

D12 IF less than, THEN jump

PO1 First comparative value or parameter
PO2  Second comparative value or parameter
PO3  Labe! number
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Programming in ISO format
Graphics — Blank form definition

Definition The blank workpiece (BLANK FORM) is defined
of blank by points P, and Py, — see “Blank form”
(Graphics).
The tool axis must be spscified via G17/G18/G13, Az

in addition to Py,
Otherwise, this error message will appear:
= BLK FORM DEFINITION INCORRECT =

Entering Py G30  Definition of point Py, (input in

absolute dimensions only}

Block format {example)
G30 G17 X+5 Y+5 Z2-10

G30  Definition of Py
(17 Plane selection and tool axis

X ... X-coordinate of P
Y ... Y-coordinate of Py,
Z ... Z-coordinate of Py,

Entering Py, G31

Definition of point Py, {input in
absolute or incremental dimensions)

Block format {example)

G31 G91 X+95 Y+95 Z+10

G31  Definition of Pyax
G2 Incremental dimensions

X ... X-coordinate of Py
Y ... Y-coordinate of Py
Z ... Z-coordinate of Py
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Touch-probe
Introduction

Touch-probe Qperated in conjunction with a HEIDENHAIN
touch-probe system, the TNC control systems
can automatically detect misalignment in
clamped workpieces. The misalignment is com-
puted, stored and automatically compensated for
when the workpiece 18 machined. This makes ac-
curate alignment of the workpiece during set-up
unngcessary. The programmable probing function
permits workpiece inspeciion before or during ‘
the machining procedure. In the case of castings Y
with varying elevations, for example, the surface
can be probed before machining, allowing the
correct depth to be reached when machined lat-
er. In the same way, changes in position caused
by a rise in maching temperatures can be moni-
tored at sgecified intervals and compensated for.

» N

Versions The touch-probe system is available in two
versions:
Touch-probe 111 system with cable;
probe signal transmission and powear supply via
cable conrector. The touch-probe 117 system
consists of the TS 111 probe head and AFE
Interface egCronics.
Touch-praobe 511 system featuring infrared
transmission and battery power supply.
The touch-probe 511 system consists of the TS
511 probe head, APE 210 or APE B11 {for con-
necting two SE B10's) interface electronics and
the SE transmitter/receiver unit.

TS 110 TS 510

Both versions feature & standard tool shank and
can be clamped in the spindle like an ordinary '
tool. The stylus car be replaced. The batteries of
the TS 511 probe head with infrared transmission
have a service life of 8 heours in probing operation
and 1 month in standby mode.

Operation The probe head moves to the side or upper sur-
face of the workpiece. The feed rate for probing
and the maximum stylus overtravet are deter-
mined oy the machine parameters defined by the
machine manufacturer. The probe signals the
centrel system when it contacts the workpiece
and the TNC saves the coordinates of the probed
points. With the touch-probe function, workpiece
surfaces. corners and circle centres can be easily
determined and set for use as reference surfaces

or reference points.

Al



Dialogue
initiation

Exiting
touch-probe
functions

Error
messages

A2

Touch-probe

Dialogue initiation/Error messages

The touch-probe systam operates in the following

maodes:

}@ | Electronic handwhes!
| Manual mode

E@ -3: single block/ful! sequence program run.

Initiate the input dialogue by pressing @
If you are currently in | & | “Electronic hand-
wheel” or | | "Manual” mode, the menu of

touch-probe functions shown at the right will
be displayed. Select the desired touch-probe

function with the fT} keys and press i .

In @ “Programming/editing” mode, the interac-

tive dialogue for programming the touch-probe
function "workpiece surface = datum” appears

after the dialogue is initiated with [owe].
Al

You can exit the touch-probe functions at any
time by pressing m The control system will
return to the previously selected operating moede.

If the probe cannot locate a prebing point within
the gauging distance defined by the machine
parameters or if the probing poirt has already
been reached when the touch-prebe function is

initiated, the following error message is displayed:

= TOUCH POINT INACCESSIBLE =.

If when starting the touch-probe function the
touch point is already reached. then the error
message Is displayed:

= STYLUS EXTENDED =

When using touch-probe systems featuring
infrared transmission, the transmitter/receiver
window (the side with two windows) must be
aligned with the evaluator electronics. If it is
poorly aligned or if the transmission gap is ob-
structed (e.g. by the splash shield), the following
error message is displayed:

= PRORE SYSTEM NOT READY =

if the battery voltage in touch-probe system with
infrared transmission drops below a specified
value, this error message appears:

= EXCHANGE TOUCH PROBE BATTERY =

/_

CALIBRATION EFFECTIVE LENGTH
CALIBRATION EFFECTIVE RADIUS
BASIC ROTATION

WORKPIECE SURFACE = DATUM
{ CORNER = DATUM

CIRCLE CENTRE = DATUM

.
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Touch-probe

Calibration effective length

The effective length of the stylus and the effec-
tive radius of the stylus tip can be determined
with the aid of the TNC.

The control system adtomasically computes the
necessary data via the touch-probe functions
"CALIBRATION EFFECTIVE _ENGTH" and
“CALIBRATION EFFECTIVE RADIUS™.

The length and radius data are saved and siored
and taken into account when gauging the work-
piece.

The compensation data can also be entered at
any time from the contral unit keyboard.

A ring gauge of known height and internal radiug
is required for calibrating the effective radius of
the stylus fip ball. The ring gauge is clamped to
the maching table.

When gauging the effective length of the stylus
fip ball, the probe moves to a reference plane.
After touching the surface, the probe is retracted
in rapid traverse to its original position. The effec-
tive length is displayed when calibration 1s
selected again.

Before calibrating the effective length of the

stylus tip ball, set the reference
.zero__?_.ool,-- : oL

-

]

—@

e
Ring gauge

plane with the -
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Input
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Touch-probe
Calibrating effective length

B
g

Operating mode

[~

Dialogue initiation

—
iL CALIBRATION EFFECTIVE LENGTH 3 @ Press ENT 1o select probe function.
v
CALIBRATION EFFECTIVE LENGTH

’ Specify tool axis if required.

DATUM + 0.000

EFFECTIVE PROBE RADIUS := 0.000

EFFECTIVE LENGTH = 0.000
v’
. . (‘\ Y Move probe system to vicinity
CALIBRATION EFFECTIVE LENGTH } \Z‘/ ‘\Y/ Z of reference plans.
v
I Enter datum if required:
DATUM + 0.000 @ Select "Datum”.
EFECTIVE PROBE RADIUS := 0.000 - Enter datum in tool axis, e.g. + 5.0
) % mm.
EFECTIVE LENGTH = 0.000
@ Press ENT,
v’
CALIBRATION EFFECTIVE LENGTH

[ Select travarse direction of probe if
} i required, here Y—.

EFFECTIVE PROBE RADIUS = 0.000

EFFECTIVE LENGTH = O.’OW'

v



Touch-probe
Calibrating effective length

"7

CALIBRATION EFFECTIVE LENGTH

v
(%)

EFFECTIVE PROBE RADIUS = 0.000

EFFECTIVE LENGTH == 0.000

Move probe i negative v direction.

‘V

After contacting the surface, the touch probe
returns in rapid traverse to its origina! position.

MANUAL OPERATION
The TNC switches automatically to the display The gauged length is displayed when calibration
“Manual operation” or “Electronic handwheel”. 1s selected again.

Ab



Notes:

i S

|
- |
i
: i
I I
|
i
| i
i
S S S N _ 1. :
|

A6



Touch-probe
Calibrating effective radius

Effective The probe must be locatad within the bore of the

radius ring gauge. The effective radius of the stylus tp Y
ball is determined by probing four points on the A
hore. The directions of traverss are specified by
the control system, e.g. X+, X—, Y=, ¥Y— (tool axis
= 7).
After contacting each point, the probe moves in
rapig traverse back 1o s oniginal position: the
TNC displays the coordinates of the contact
points.

Ring gaugse

i

The effective radius is displayed when calibration
is selected again.




Input
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Touch-probe
Calibrating effective radius

Operating mode &J or @
Dialogue initiation et | E
CALIBRATION EFFECTIVE RADIUS P &3l Select touch-probe function.
"v
CALIBRATION EFFECTIVE RADIUS 3 Select “Radius ring gauge”
v _
u Enter radius of ring gauge. e.g. 10.0
mm.
v
@’ Press ENT.
RADIUS RING GAUGE = 0.000
- ' ) Enter another tool axis if required
EFFECTIVE PROBE RADIUS = 0.000 (see “Effective length”).
EFFECTIVE LENGTH = 8455
v
' / Move 1o approximate center of
CALIBRATION EFFECTIVE RADIUS 2 @ (V) (Z g
X+ X- Y+ E . Select probe traverse direction,
* e.g. X+.
TOOLAXIS =2
EFRECTIVE PROBE RADIUS = 0,000
EFECTIVE LENGTH = 8.455
v
CALIBRATION EFFECTIVE RADIUS » R Move probe in positive X-direction,

EFFECTIVE PROBE RADIUS = 0.000

EFFECTIVE LENGTH = 8455

v



Touch-probe
Calibrating effective radius

~

After probing the ring gauge. the probe returns in
rapid traverse to its original position.

‘V

CALIBRATION EFFECTIVE RADIUS

X— Y+ Y-

X {probe point) Y (probe point)

Z (probe point} C {probe point)

W

elect next probe traverse direction,

CALIBRATION EFFECTIVE RADIUS

s

X+ Y+ Y-

X (probe point) Y (probe point}

Z {probe point} C (probe point)

Move probe in negative X-directicn.

""

Aifter prabing the ring gauge. the probe returns in
rapid traverse to its original position

The TNC displays the actual values of the second
probe point below the values of the first contact
point.

Then probe the ring gauge in the positive and
negative Y-directions.

When the procedure is completed:

‘V

MANUAL OPERATION

The TNC switches automatically to "Manual ope-
ration” or “Electronic handwheel”.

The radius of the measured probe tip is displayed
on the appropriate line when calibration is selec-
ted again.
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Description

Procedure

Touch-probe
Basic rotation

The touch-orobe function "Basic rotation” can be
used to determine the amount of angular misa-
lignment of a clamped workpiace.

The TNC compensates for the angular deviation
by means of a basic rotation of the coordinate
system.

The basic rotation must be carried out in
advance if you want 10 set the datum using
the functions . _ o

= CORNER= DATUM = or

="CIRCLE CENTRE = DATUM ="

The touch-probe moves to the side face of the
workpiece from two different starting positicns.
The directions of traverse are specified e.g. X+,
X—. Y+. Y— {tool axis = 7).

After contact with the side faces, the probe
returns in rapid traverse to the respective original
position.

The TNC saves the coordinates of the contact
peints and uses them to compute the angular
deviation. In order to compensate for the devia-
tion, the control system must know the “nominal
angle” of the side face.

Enter the nominal angle on the iine after

= ROTATION ANGLE =.

AN




input
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Touch-probe
Basic rotation

Operating mode & or @

ToC+
Dialogue initiation _L

¢

. Py Press ENT to select touch-probe
BASIC ROTATION } Press 1
BASIC ROTATION
X+ X— Y+

Specify angular position of probed
side face, e.g. Y-axis: + 90°

Press ENT.

v

BASIC ROTATION

4@

X+ X- Y+

O O Move to first starting position.

. Select direction of traverse, e.g. X+.
LAAAAAJ

|
BASIC ROTATION } @ Move probe in positive X-direction.
X Y+ Y-

After touching the side face, the probe returns in
rapid traverse to the first starting position.

v

BASIC ROTATION 3 @ |®

X (probe point) Y (probe point}

Z {probe point) C (probe point)

Move to second starting positicn.




Touch-probe
Basic rotation

"

BASIC ROTATION } @ Move probe in positive X-direction. {

X (probe point) Y (probe poirt)

Z {probe point} C {probe point)

i
After touching the side face, the probe returns in
rapid traverse to the second starting position.

~y

MANUAL OPERATION

The TNC switches autornatically to the previcusly  The measured angte of rotation is displayed
selected operating mode “Manual operation” or when "Basic rotation” is selected again.
“Blectronic handwheel”.
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Description

Procedure

Al4

Touch-probe

Workpiece surface = datum

In the case of workpieces clamped paraxially to
the table, you can use the touch-probe function
"Surface = datum” to define the workpiece sur-
face or side face on any axis as datum. The TNC
then bases all nomina! position values for subse-
auent machining on that surface.

The probe moves to the surface of the work-
piece. After contact with the surface, the probe is
retracted in rapid traverse to its original position.
The TNC saves the coordinates ¢f the contact
point on the traversed axis and displays the value
on the iine "DATUM".

Any desired valug can be assigned to the contact
point by entering it from the kayboard.

L

-

—T@

Y

Y




input

Touch-probe
Workpiece surface = datum

al {
Operating mode 2loer @
S1C
Dialogue initiation _ﬁ}
SURFACE = DATUM } ;G] Press ENT to select probe function.
SURFACE = DATUM : } ® ® O Move to starting position.
h 4
X+ X—- Y+ Y- F . Select direction of traverse, e.g. Z—.
1~ =

.
F SURFACE = DATUM |3 @ Move probs in negative Z-direction
1
X+ X Y+ Y- Z+ C—-
‘V
After contacting the surface, the touch probe
returns in rapid traverse 1o its original position.
X (probe point} . Y {probe point}
. Z(probe point) € (probe point)
' Enter any desired daturr if required.
o
} _} Press ENT.
iy
HENT
\;J

Alb
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Description

Procedure

Touch-probe
Corner = datum

With the wouch-probe function "Corner = datum’.
the TNC computes the coordinates of a corner
point of the clamped workpiece. The computed
value can vs used as the reference point for the
subseguent machining procedure; all nominal
position values wil' be based on this point.

The touch-probe moves to two side faces of the
workpiece from two different starting positions
per face. The directions of traverse are specified:
A+, A= Y+, Y— {1ool axis = Z).

After contact with the surface, the probe is
retracted in rapid traverse to its original position.
The TNC saves the coordinates of the contact
points and uses them to calculate two straight
lines. The missing corner point is the intersection
of these lines.

The screen displays the coordinates of the corner
point. The computed lines are displayed beneath
them by a peint on each line and tha correspond-
ing angle PA

You can enter any desired datum from the input
kevboard. instead of the calculated comer point.
if "Basic rotation” was defined before the touch-
probe function “Corner = datum”, the straight line
comouted for “Basic rotation” may be used for
the touch-prebe function “Corner = datum” as
weli.

a8

<1

Y

() O

Probe point 1 K

E—
@_P\'Obe Oént ﬁ -
O
e
NS |
- Point 24 ‘ -—X ‘

\@/ Point 1




Input

A8

Touch-probe
Corner = datum

Operating mode

0], (@]

Dialogue initiation

CORNER = DATUM

} Press ENT to select probe function.

’ @ ® (@ Move to first starting position.
h 4 o
D Select direction of traverse, e.g. X+,
-

CORNER = DATUM

X 'Y+ Y-

} Move probe in positive X-direction,

v

After comacting the side surface, the touch probe
returns in rapid traverse to its original position,

v

CORNER = DATUM

X (probe point § Y {probe point 1)
Z (probe point § C (probe point 1)

) ® ® Move probe to next starting position.

v

CORNER = DATUM

X (probe point 1) Y (probe point 1}
Z (probe point 1) C (probe pointt

> Move probe in positive X-direction.

v

After contacting the side surface, the touch probe
returns in rapid traverse to its original position.

The control system displays the actual values of
the second probe point bereath the values of the
first point. The first line is also indicated by a
random point on the ling and tha angle of direc-

tion.




Touch probe
Corner = datum

v

The second side face is then probed from two
different starting positions.

When this procedure is compiete:

-

CORNER = DATUM
X {comer point) Y (comer point)
X (e Y Y (e 9

PA {angle ot line 1)

X {ine 2) Y(ine2)

PA (angle of fine 2}

DATUME Y {comer point)

B

Specify any carnet point coordinates

for X and Y if reguired.

Press ENT.

A9
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Input
immediately
following
“Basic
rotation”

Touch-probe
Corner = datum

Operating mode @ or @

10U
Dialogue initiation @

; CORNER =DATUM Pl

Press ENT to select probe function.

“"

{ CORNER = DATUM

TOUCH POINTS OF BASIC ROTATION ?
X(inel)  Y(line1)

PA (andle of line 1)

To transfer probe peints used for basic } @
rotation:

If yvou do not wish to transfer probes points ﬁ
L used for basic rotation: ’

Press ENT.

Press NO ENT.

—~—

Then probe the second side face as described

above.
"’

CORNER = DATUM 3

X+ X— Y+




‘Notes:
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Description

Procedure

Touch-probe
Circle centre = datum

In the case of clamped workpieces with cylindri-
cal features (bore, circular pocket or external
cylinder), the touch-probe function “Circle centre
= datum” can be used to determine the coordi-
nates of the circle centre.

The calcutated circie centre can be used as the
datum for the subsequent machining procedure.
All nominal position values will be based on this
DOINt.

In the case of bores and circular pockets, the
probe must be iocated within the bore or pocket.

To determine the circle centre, probe four points
of the external ¢ylinder or bore. The directions of
traverse are specified, e.g. X+, X—, Y+, Y—(tool
axis = 7).

After each contact, the probe is retracted in rapid
traverse to its original position. The TNC saves
the cocrdinates of all computed contact points
and uses them to calcuiate the circle centre.

The coordinates of the circle centre are displayed
on the screen with the specified radius PR.

You can enter any desired values from the input
kevboard, instead of the calculated circle centre
coordinates.

Circula- pocket

External cylinder

A23



Input

Touch-probe
Circle centre = datum

Operating mode

0], [®]

Dialogue initiation

CRCLE CENTRE = DATUM

} Press ENT to select probe function.

\X/ \Y/ Z | Move to first starting posiion.

h 4
D Select direction of traverse, e.¢. X+.
-— -

CIRCLE CENTRE = DATUM

X~ Y+ Y-

} Move probe in positive X-direction.

v

After touching the cyiindrical surface, the probe is

retracted in rapid traverse 1o its starting position.

~—y

CIRCLE CENTRE = DATUM

X- Y+ Y-

X {probe point 1) Y {probe point 1)

Z (probe point 1) C (probe point 1) |

} "'i _ | Sefect next direction of traverse, e.g.
. X—.

v‘

CIRCLE CENTRE = DATUM

X+

Y+ Y-
X (probe point 1} Y (probe point 1)

. Z (probe point 1) C (probe point 1)

’ Move probe in negative X-direction.

After touching the cylindrical surface, the probe is
retracted in rapid traverse to its starting position.

The TNC displays the actua!l values of probe

point 2.
v




Touch-probe
Circle centre = datum

‘r

Then probe two additional points on the cylindri-
cal surface, in positive and negative Y-direction,

When this procedure is complete:

~

CIRCLE CENTRE = DATUM
X (midpoint) Y (midpoint)
PR (circle radius) '

)

DATUM Y (midpoint)

-+

4

Specify any circle centre coordinates

for X and Y if required.

Press ENT.




Description

Prograrmming

Procedure

Touch-probe

Programmable touch-probe function:

"Surface = datum”

You can probe a surface of a workpiece with
program control, both before and while machin-
ing the part. In the case of castings with varying
glevations, for example, the TNC can probe the
surface before machining, aliowing the correct
depth to be reached during the subsequent
machining procedure. In the same way, changes
in position caused by a rise in machine or work-
piece temperatures can be montored and com-
pensated for.

Initiate programming with the F‘EU“BQ; key.

The TNC will then prompt you for the parameter
number at which the results of the measurement
will be saved. After entering the probe axis and
direction, specify the nominal position for the
touch-probe cycle. The programmed touch-probe
cycle requites two program blocks.

Travelling at rapid rate, the probe moves to the
advanced stop distance above the programmed
nominal position (probe point). The advanced
stop position is determined by the machine
manufacturer via a machine parameter.

The probe then moves to the workpisce, on the
probe axis and in the probing diraction, travelling
at the feed rate specified for measuring and
touches the surface. After contact, the probe is
retracted in rapid traverse to its original position.

To compensate for deviations in the position of
the workpiece surface, the datum must be shifted
on the probe axis, using the "Datum shift” cycle,
by the amount of the value saved under Q. The
gauged value can also be used in a tool definition
gs a length compensation factor, for example.

Coordinates of probe point

irection

Z
] i+
2, o _
gk <1 Probe axis
R i
23z D
| Probing
f d




Input

Sample display

Touch-probe

Programmable touch-probe function:

"Surface = datum”

Operating mode

)

®

Dialogue initiation

LERE

PARAMETER NUMBER FOR RESULT

o4

Specify parameter number.

Press ENT.

~g

PROBE AXIS/PROBING DIRECTION ?

. 4
BG4

Specify probe axis, e.g. Z.
Specify probing direction.

Press ENT.

~

POSITION VALUE ?

After all coordinates have been entered:

=l

be

Specify coordinates of probe point:

select axis, e.g. X.

Incremental — absolute?

Enter numerical valus.

Select next axis, e.g. Y.

Press ENT.

32 TCH PROBE 0.0 REF. PLANE
Q0 Z-

33 TCH PROBE 0.1 X + 10.000

The X, Y plane is probed in the negative Z-direc-
tion. The gauged value is saved at parameter
10, The coordinates of the nomina probe point
are X 10.000/Y 20.000/Z 0.GCO.

A27
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V.24/R8-232-C
interface

Operating
mode

Baud rate

Transfer
blockwise

External data transfer
The TNC data interface

The TNC conirgl system is equipped with a V.24
{RS-232-C) data interface for input and output
of programs in plain-anguage or I1SO farmats.
This means that you can use the interface to
transter programs from the TNC's memory 1o an
external storage unit, e g. a magnetic tape unit
or floppy disk unit, or to some other peripheral
device, such as a printer. You can also transfer
data from an external storage unit to the control
unit.

The interface port is located at the rear of the
control unit.

The interface operating mode (ME magnetic tape,
FE floppy disk or operation with other external
devices) must be specified in advance.

The TNC's V.24 interface can be switched to
three different interface operating modes:
ME mode: for connecting 8 HEIDENHAIN ME
magnetic tape unit or a HEIDENHAIN
FE floppy disk unit. Commands are
entered from the keypad of the
externai unit
for connecting a HEIDENHAIN FE
floppy disk unit, Commands are
entered via TNC menu.
EXT mode: for connecting other peripheral
equipment.

FE mode:

The interface operating mode is defined via the
supplementary operating mode (MCD)
V.24 INTERFACE (see "Interface definition”).

The data transmission speed (baud rate) at the

TNC interface depends on the interface operating

mode:

ME-mode: 2400 baud

FE-mode: 9600 baud

EXT-mode: 2400 baud; the baud rate can be set
1o one of the values shown in the
table at the right via the supple-
mentary operating mode (MOD)
BAUD RATE {see “Interface
definition”).

The TNC 151/TNC 155 can load machining pro-
grams in plain-language or 1SO format from an
external programming station or floppy disk unit
via the V.24 data interface and simultaneously
execute these programs (see “Transfer block-
wise").

Rt
Clpgamsl
Srggiangi
CGeBas.

Operating mode: EXT

-+ Possible baud rates:
' 110 baud
150.baud .
300 baud -
S ie . BO0DbalG
- 1200baud .
2400 baud - -
i 4800bavd
9 600 baud

1 baud = 1 hit per sec




External data transfer
Hoppy disk unit/Magnetic tape unit

PRisk and HEIDENHAIN offers a floppy disk unit and two

magnetic magnetic tape units for saving and storing

tape units machining programs or transferring programs
that have been created at an external program-
ming station.

FE 401: Portable floppy disk unit for use with mul-
tipte machines.

ME 101: Portable magnetic tape unit for use with
multiple machines.

ME 102: Magnetic tape unit for permanent instal-
lation at the machine.

ME 107

ME 102

Connection Each of the external storage uni's is equipped
options with two V.24 data interfaces identified by TNC
and PRT.

TNC port: for connection to the control unit.
PRT port: for connection to a periphera! device.

These ports make it possible to connect a second
device to the external storage unit. in addition
to the TNC.

Operating modes The FE 401 can transfer data either in ME mode
or in FE mode. The mode can be defined via a

switch located on the unit.
The ME 101/ME 102 can transfer data in ME
mode only.

Baud rate The baud rate at the TNC port is defined as
follows:
ME mode: 2400 baud
FE mode: S600 baud

The baud rate at the PRT port zan be adjusted

with the aid of a switch located at the rear of the

external unit,

ME 101/ME 102:  110/150/300/600/1200/2400 bd

FE 401 110/150/300/600/120C/ 2400/
4800/8600 bd.

V2



v.24
interface
definition

Baud rate
definition
for EXT

External data transfer
Interface definition

Operating mode

[ ]

~MOD

Dialogue initiation

optional except

VACANT BLOCKS = 1112

»

N

Page through supplementary mode
menu until V.24 INTERFACE appears.

~gy

V24 INTERFACE = ME

To define for ME mode:

To select FE interface or operation with other
external unit:

»

[}
m
-

)] o

a

|

Press DEL to confirm ME mode,

Page until FE or EXT appears.

Press DEL to confirm and exit sup-
plementary mode.

The V.24 interface can be defined via machine
parameters for operation with other external
devices.

For further information, see “TNC 1561/TNC 155
Mounting and interface description”,

Operating mode

Diatogue initiation

opticnal except

VACANT BLOCKS = 1112

Page through supplementary mode
meny unti! BAUD RATE appears.

‘r

BAUD RATE = 2400

Enter desired baud rate from table.

Press ENT.

V3



External data transfer
Cables and connector pin assignment

ME 101 magnetic

tape unit/ Data transfer cable
FE 401 disk unit | '€ 401 No. 224 422 O1 Adapter
<+ TNC

No. 214 001 O1

ME 101

ME 102 magnetic
tape unit

-—» TNC ME 102 Cable connector
No. 224 412 ..

[+]
i
6

XA

FTritthl

i

ME 102 magnetic
tape unit

-<«—» PRT ME 102 Adapter

No. 217 707 01

°[_PRT |-

-+ g 3

A 2
:_,:3._

T

-, [ 20]

SR

V4



Magnetic tape
unit/fioppy disk
unit/TNC ==
peripheral device

External data transfer
Cables and connector pin assignment

H—GND crassis
—TXD transmim paTA
_“‘Rx_”_ﬁ RECEIVE DATA
——RTS request 10 senn
——CTS ciear 7O SEND
—— DSR pata Ser REaDY

+—GND swcnat

. DTR para TERMINAL READY

V5



Data media

Write
protection

V6

External data transfer
General information

The ME 10/ME 102 magnetic tape units use
minicassettes for data storage. They can store
up to 32 different programs with a total of 1,000
program blacks {approx. 35 kilohytes) per tape
side.

The FE 401 floppy disk unit uses 3.5" disks
{double-sided. 13b TP}, with a storage capacity
of maximum 256 different programs with a total
of 25,000 program blocks {approx. 790 kilo-
bytes). The FE 401 is equipped with two disk
drives. Simultaneous disk access via the “TNC”
and "PRT" interfaces is possible, e.g. for running
a program and printing out hardcopy on a printer
at the same time. The second disk drive is de-
signed for data back-up (disk copy).

The minicassettes and disks can be safeguarded
against accidental erasure or write-over.

The write-release tabs must be inserted in the
magnetic tape cassette for transferring data.

The small sliding tab on the reverse side of the
disk must cover the opening at the corner of the
disk for transferring data.

Write-reiease
side B

Write-release
side A

Protected

Not protected




Data transfer

ME mode

FE mode

EXT mode

Dialogue
initiation

Interrupting
data transfer

External data transfer

Procedure for ME, FE and EXT operation

Data can be transferred between the TNC and an
external unit in PROGRAMMING/EDITING
mode. In addition, you can transfer a program to
the TNC and run it simultaneously in

PROGRAM RUN mode (see "Transfer blockwise®).
The TNC interface must be adapted to the exter-
nal unit (ME, FE or other peripheral, e.g. printer)
with respect to operating mode.

In ME mode, commands are entered from the
keypad of the magnetic tape unit or disk unit
{switch in ME position) and via the TNC menu
(see illustration).

In FE mode, commands are entered only from
the TNC menu. You do not need to press any
keys on the FE unit.

For information on entering commands in EXT
mode, please refer to the manufacturer’s instruc-
tions for the external unit in question.

The dialogue for transferring data in any direction
(tape/disk => TNC or TNC => tape/disk)

is initiated by pressing . The transfer mode
options shown at the right are displayed on the

screen. Use the keys to move the high-

lighted pointer to the desired mode and press

to select and start the operating mode. To

exit the menu, press IEN?] .

Once data transfer has begun, it can be inter-

rupted by pressing on the TNC or on

the ME/FE unit. If data transfer is interrupted, the
error message

= ME: PROGRAM INCOMPLETE =

appears. After this message is cleared with the

key. the menu of operating mode options
for data transfer is displayed.

Desired data
transfer option

TNC => ME

ME =>TNC

TNC => FE

FE =>TNC

Press ME or FE
keys (red lamp
must light)

. l
l




Program
directory

v8

External data transfer
External data storage unit — TNC

Operating mode o ‘

Dialogue initiation @

PROGRAM DIRECTORY ) Prass ENT to select mode.

v

EXTERNAL DATA INPUT

Magnetic tape/disk starts.

v

END = NOENT
10 600

All programs stored on the tape or disk are
displayed but not transferred.

To exit the operating mode: ’ Press NO ENT to exit mode.
PROGRAMMING AND EDITING

The TNC is now in PROGRAMMING AND
EDITING mode.




Read-in
all programs

External data transfer

External data storage unit — TNC

Operating mode

B

Dialogue initiation

READ-IN ALL PROGRAMS

} @ Press ENT to select mode.

~

EXTERNAL DATA INPUT

Magnetic tape/disk starts.

v
- —
| PROGRAMMING AND EDITING | |
| 0 BEGIN PGM 24 MM | %
ﬂ |
\ J

All programs stored on the tape/disk are now
in the TNC's memory. The program with the
highest number is displayed.

V9



External data transfer
External data storage unit — TNC

Read-in Operating mode :‘(ZJ
program ‘ .
offered Dialogue initiation @ MJ
READ-IN PROGRAM OFFERED "~ P[E) Press ENT 1o select moge.
v
EXTERNAL DATA INPUT

Magnetic tape/disk starts.

v

ENTRY = ENT/OVERREAD = NOENT

22
Jo transfer offered program: } ,@ Press ENT to transfer program.
To skip coffered program: } Press NO ENT to skip to next

program.

v

ENTRY = ENT/OVERREAD = NOENT
24

The TNC displays all programs stored on the
tape or disk, one after another.

After displaying the program with the highest
number, the TNC automatically returns to
PROGRAMMING AND EDITING mode.

V10



Read-in
selected
program

External data transfer

External data storage unit — TNC

]

S

¢

Operating mode

Dialogue initiation

e

-]

I
@
>
—

;

READ-IN SELECTED PROGRAM PG5  Press ENT to select mods
‘r
|
PROGRAM NUMBER = P ] Specify desired program number
h 4
@ Press ENT.
"'

EXTERNAL DATA INPUT .

Magnetic tape/disk starts.

~r

/‘

PROGRAMMING AND EDITING

0 BEGIN PGM 24

MM

|
K
|

2.

_

memory and is displayed.

The selected program is in the TNC's

V1t



External data transfer
TNC — external data storage unit

Read-out Operating mode E
selected A~ T
|E o
program Dialogue initiation l@ ﬂ
READ-OUT SELECTED PROGRAM b Press ENT to select mode.
EXTERNAL DATA OUTPUT

Magnetic tape/disk starts, then stops after
leader output.

' _ _ - ‘ [ 4] [ 1] Move cursor to desired
OUTPUT = ENT/END = NOENT p ]~ A
1 13
14 24
he P ENT to transf ted
Yy, ress o transfer selected oro-
@ gram to tape/disk.
EXTERNAL DATA OUTPUT
Magnetic tape/disk starts, then stops after
program transfer is complete.
OUTPUT = ENT/END = NOIENT
1 13
14 24
Cursor positioned at next program number.
To exit operating mode: } Press NO ENT to exit mode
PROGRAMMING AND EDITING

The TNC is now in PROGRAMMING AND
EQITING mode.

Vi2



External data transfer
TNC — external data storage unit

Read-out Gperating mode
alt programs

) [

&
=

Dialogue initiation

READ-OUT ALL PROGRAMS » @ Press ENT to select mode.

v

EXTERNAL DATA OUTPUT

Magnetic tape/disk starts and data transfer
| begins.

After data transfer is complete, the TNC returns
10 PROGRAMMING AND EDITING mode.

Vi3



Program run
from external
storage unit

Data
interface

Starting
“Transfer
blockwise”

Vi4

External data transfer
Transfer blockwise

In “Transfer blockwisg” mode, machining pro-
grams can be transferred via the V.24 (RS-232-C)
serial interface frcm an exiernal storage unit or
the FE unit and exscuted simuitansously. This
makes it possible to run machining programs that
exceed the TNC's RAM memory capacity.

The data interface can be programmed via
machine parameters. Please refer to the

“TNC 151/TNC 155 Mounting Instructions and
Interface Description” for a dstailed description of
interface signals of the transfer pratocol and the
software instaliation required by your computer.
The V.24 interface of the TNC must be defined
for external data transfer or FE mode.

You can start the transfer of data from an external
storage unit in “Single block”™ and “Full sequence”

modes by pressing . The TNC loads the pro-

gram biocks in available memory and interrupts
data transfer when memaory capacity is reached.

No program blocks are displayed on the screen
until available memory is full or the program has
been completely transferred.

Although program blocks are not displayed, pro-
gram execution can be started by pressing the

external &1arT button.

Short positioning blocks are usuaily run when
transferring data from an externai storage medi-
um. To avoid unnscessary interruption of a pro-
gram run after is has started, a large number of
program blocks should be saved as a buffer. For
this reason, it is a good idea to wait until avail-
able memory space 1s full.

After the program run has started, the executed
blocks are deleted as further blocks are called
from the external storage unit.



Skipping
program
blocks

Interrupting
program
execution

Program format

Block number

Graphics
{as a software

version 07)

External data transfer
Transfer blockwise

If vou press the GDDTO key in “Transfer blockwise”

mode before initiating the start, and enter g block
numoer, all blocks preceding the specified block
number will be skipped.

To intersupt @ program run: -

® press the external STOP button and the internal
STOP kay.

The display “TRANSFER BLOCKWISE”™ remains
on the screen even after execution has been
interrupted. The message disappears when you

® call up a new program number

or

® switch from program run “Single block” or "Full
sequence” to another operating mode.

The following conditions apply tc program format
in "Transfer blockwise” mode:

® Program calls, subrouting calls, program part
repeats and conditicnal program jumps cannot
be executed.

e Oniy the last defined tool can be called {except
for cperation with central ool storage).

The program destined for transfer may contain
blocks numbered higher than 999.

The block need not be numberad consecutively.
but must not exceed 65,534, Four-digit biock
numbers in plain-language programs are dis-
played on two lings on the screen.

The TNC can graphically simulate on the screen
programs that are transferred blockwise from an
external memory. It is only necessary to program
the workpiece definition BLIK FORM behind the
BEGIN PGM biock.

V15



Starting
“Transfer
blockwise”

interrapting
“Transfer
biockwise”

V16

External data transfer
Transfer blockwise

W

Operating mode

=0

Dialogue initiation

PROGRAM NUMBER ’ E’ Enter desired pregram number.
v
Press ENT.
v

on screen.

Wait until initial program blocks are displayed ’

Press START to run program.

TRANSFER BLOCKWISE

© To interrupt the program run: ’

[ 4E

Press STOP to interrupt run.

Press STOP to abort program run.

— 1
In [:-:M mede, you can also abort program
execution by switching to ' 8} | mode.



External data transfer

TNC 155 graphics output to a printer

You can check a machining program on the

TNC 155 with the aid of the graphics feature. The
image displayed on the screen can be cutput via
the V.24 interface (EXT mede) and sent to a prin-
ter for hardcopy print-out.

The external printer is interfaced to the TNC 185
via machine parameters 226 to 233. To start

printing, press |E€<> while the graphic image is
displayed on the screen.
The following input values for machine para-

meters 226 to 233 apply to the Texas Instru-
ments OMNI| 800/Mode! 850 printer:

The following input values apply to the EPSON
matrix printer:

Beginning with software version 03

When printing out the graphic the control auto-
matically switches onto the interface operating
mode "EXT”, if "ME" or "FE” operation is engaged
via the MOD function.

V17



TNC 145
program
management

Remedial
action

Vig

External Data Transfer
Transter of TNC 145 programs

The TNC 145 can manage only one program at a
time in its main memory. In contrast to the TNC
150-/TNC 151-/TNC 1565~ and TNC 355 programs
this program has no program number and can
therefore not be managed by the above men-
tioned controls.

Before trangfer of TNC 145 programs, a service
number must be entered. The TNC then stores
the transferred TNC 145 program under this
number.



External data transfer
Transfer of TNC 14b programs

Al programs Operating mode TNC

read in f
Operating mode ME “'E @

| PGM;

£

Dialog initiation

PROGRAM SELECTION b |
PROGRAM NUMBER = é Enter service program nurnber,

{maximum of 8 digits).

Transfer to memory.

~

MM = ENT / INCH = NO ENT } for dimensions in mm.
or
} [EE\ for dimensions in inch.

“..l."'

0 BEGIN PGM 12345678 MMVE } E@. External data transfer.

PROGRANMING RND EDITING } Select “read in all programs.”

SELECTIONZENT # END=NOENT

. PROGRAM DIRECTORY
[ RERD-IN ALL PROGRANMS.
.- RERD~IN PRCGRAM OFFERED
MIREAC-IN SELECTED PROGRRM
. RERD-OUT SELECTED PROGRAH
. .READ-OUT ALL PROGRAMS

@)

READ N ALL PROGRAMS } Start transfer,

The cassette contents with the TNC 145 programs
are now stored in the TNC main mermory under
the service program number 12345678,
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Technical description
Specifications

Control system
versions

TNC 151 with BE 117 {" monochrome) or BE 211 (12" monochrome) video terminal.
Incorporating programmable logic controller {PLC).

TNC 155 with BE 411 video termina! {127 monochromes.
fncorporating programmable logic controller (PLC}

TNC ... B = without separate input/output boards
TNC ... Q@ = inputs and outputs on 1 or 2 separate PC boards

Type of control

Contouring control systern for 4 axes. Optional: spindfe ocrientation as B axis {no interpolation with
rermaining axes). Linear nterpolation on 3 of 4 axes, circular interpolation on 2 of 4 axes (only if 4™
axis is parallel to one linear axis, limited contour programming with 47 axis), Helfical interpolation.

Frogram input and dispfay in HEIDENHAIN plain-language programming format or per ISO 6383
standard.

mmy/inch conversion for input values and dispiays.

Display increment: 0.005 mm or 0.0002 in. or 0.00%t mm/0.0001 in.

Nominal positions (absolute or incremental dimensions) in Cartesian or polar coordinates.

Ingut resolution up to 0.001 mm or 0.0001 in. or 0.001°

Operator
prompting
and displays

Plain-language interactive dialogues and errcr messages (in sight languages).

Display of current, preceding and next two program blocks.

Display of actual position/nominal position/distance to go/distance from reference mark/trailing error
and status indicator for all major program data.

Program Sarniconductor memory with backup battery for 32 NC programs, total 3,100 blocks.
memory Programmable erase/edit protection.

Central Up 1o 99 tocls. Suitable for tool changer with variable pocket allocation.

tool

magazine

Operating Manuallelectronic handwheel: cantrol system functions as numerical position indicator.
modes

Positioning via manual date input. each positioning block is run after being entered; block is not saved.

Program run — single blcck. Program is executed block-by-bleck after key is pressed.
Program run — full sequence: Program started by pressing key, executed to pregrammed STOP or
end of program.

Programiming and editing. (also during program runj:

a) for linear or circular interpolation,
manually per program listing or part drawing, or
externally via V.24-/R3-232-C data interface (e g. via FE 401 floppy-disk unit or ME 101/102
magnetic tape unit from HEIDENHAIN or other peripheral devices)

b} for paraxial operation additionally by transfer of current position data (actual values) with conven-
tional workpiece machinig (playback mode).

franstfer blockwise: Access to programs from master computer or FE 401 floppy-disk unit. Programs
exceeding control system memory capacity can be transferred and run simultanecusly.

Suppfementary operating modas. mmy/inch, character height for position display, axis software limits,
user parameters {defined by machine manufacturer).

Displays: vacant blocks, actual position/nominal position/distance to go/trailing error/distance from
reference mark.

V.24 interface: ME/FE/EXT, baud rate.

[SC programming format: block numbper increment.




Technical description
Specifications

Programmable Straight ling, chamfer
functions Circle {defined by centre and end position of arc or radius and end position of arc), with tangential
transition from preceding contour {input: arc end position)
Rounded corners (enter radius)
Tangential contour approach and departure
Toal number, tool length and radius compensation
Spindle orientation {optional)
Spindle speed
Rapid traverse
Feed rate
Program calls from within other programs
Subroutines/program part repeats
Canned machining cycles for peck drilling, tapping, slot milling, milling rectangular pockets. miliing
circutar pockets, cycles for milling pockets with variable contours {up to 12 subcontours; intersections
computed by control system)
Coordinate system offset and rotation
Mirror-imaging, scaling factor
Dwvell time/Auxiliary function M/Program STOP
Manutacturer-specific cycles.
Pararmneter Mathematical functions {=, +, — x. =, sin, cos, angle a from R x sina and R x cosa, v, V3™ B,

programming

parameter comparison (=, &+, >, <).-

Test run TNC 151 and TNC 155: analytical program test

without TNC 155 only: graphic simulation of machining program:;

machine Simulation medes: in 3 planas, plan view with depth shading, 3D simulation. magnification.
movement

Program Madification of program words, insertion and deletion of program blocks, search routine for finding
editing program blocks with specific characteristics within a program.

Program Control system facilitates resurnption of program after interruption by saving all important program

continuation after

interruption

data.

Touch-probe
functions

Programmable: determine actual position of workpiece surface for setting up in “Manual” and “Flec-
tronic handwheel” modes: calibrate, define angular clamping position of workpiece, define workpiece
corner and circle centre, define workpiece surface as reference plane.

Data
interface

Serial interface per CCITT recommendation V.24 or EIA standard RS-232-C:
Baud rates: 110/150/300/600/1200/2400/4800/9600 baud;
Expanded interface with control charactars and biock check characters {BCC) for “Transfer blockwise”,

Error
control and
monitoring

Control system displays programming and operating errors in plain fanguage. 1t monitors the function-
ing of major electronic assemblies, positioning and measuring systems and important machine func-
ticns. If an error is detected, a plain-language error message is generated and the machineg is shut
down via emergency STOP.

Reference mark
analysis

Reference velues are transferred automatically following power fallure by passing over transducer re-
ference marks {includes intervai-coded reference marks).

Maximum
traverse path

=+ 30.00C mm or + 30 m/1181 inches.

Maximum
traversing
speed

16 m per min,/630 in. per min.

Feed rate and
spindie override

0 to 150 % via fwo potentiometers on the control unit console.

Position
transducers

HEDENHAIN incremental linear transducer (also available with interval-coded reference marks) or
rotary encoder;
gratng pitch: 0.02/001 or 0.1 mm.
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Technical description
Specifications

Limit Software-contralled limit switch for machine axes (X+/X—/Y+/Y—/Z+/7— and IV</I\V\—}: sach traverse
switches range is specified as machine parameter; additional programmable traverse range limits.
Integrated 2048 commands
PLC 1000 user flags (not power-failure protected)
(prograrnmabie 1000 user flags {power-failure protectad)
logic 1024 permanently assigned flags
interface 16 counter. 32 timers
controtler) Inputs/outputs for TNC 151 B/TNC 155 B:
23 inputs (24 V =, approx. 10 mA); 24 outputs (24 V =, max. 50 mA)
PLC input/output board for TNC 151 Q/TNC 155 Q:
63 inputs (24 V =, approx. 10 mAj}
PL 100: 37 outputs {24 V =, max. 1.2 A}
PL 110: 25 outputs (24 V =, max. 1.2 A) + 3 bipclar output pairs {15 V =, 300 mA)
External voltage supply for PLC input/output board 24 V = +10% tc —15%
Macro programs for tool change (random or fixed addressing).
Input/output capacity can be doubled with a second power board.
Control unit Transducers X/Y/Z/\V/spindle
inputs Electronic handwheel (HR 150 or HR 250} or unit with 2 elsctronic handwheels (HE 310}

TNC 151/TNC 165
{fwith standard
PLC program;

Touch-probe systems (TS 510/TS 110)

Start, stop, rapid traverse

Feedback "Auxiliary function complete”, feed rate release

Manual operation {opens pasition control loop); feedback emergency STOP test
Reference end position X/Y/Z/IV

Reference pulse inhibitor X/Y/Z/IV

Axis direction buttons X/Y/Z/1V

External feed rate potentiometer

Control unit
outputs

TNC 151/TNC 1556
{with standard
PLC program}

Cne each analogue output for X/Y/Z/IV {with automatic offset calibration), one analogue output for
spindle

Axis refease for X, Y, Z. IV

Control system in operation

M strobe signal

S strobe signal

T strobe signal

8 outputs for M, § and T functions, coded
“Coclant OFF", "Coolant ON”

“CCW spindie rotation”

"Spindle STOP”

"CW spindle rotation”

Spindle interlock

Centrol systemn in "Automatic” mode
Emergency STOP

Supply Multirange 100/120/140/200/220/240 V, +109% to —15%, 48 to 62 Hz

voltage

Power con- TNC 151: approx. 60 W {with 9" or 12" video display unit}

sumption TNC 155: Logic and control unit approx. 45 W, BE 411 video display unit approx. 40 W
Ambient Operation: 0tc 45°C (1o 118° F}

temperature Storage: —30 tc 70° C (—22 to 168° F}

Type of en- P 54

closure:

control console

Weight

Control unit- 12 kg (26 b}
BE 111 9" video display unit: 8.8 kg (15 Ib); BE 21%/BE 411 12" video display unit: 10 kg {22 Ib)
PL 100/PL 110 PLC input/cutput board: 1.2 kg (3 1b) (TNC ... Q).
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Technical description
Specifications

Electronic handwheels

For connection to
TNC 151/TNC 155

HR 150: for installation in machine control console {only one handwheel possible)

HR 250: portable unit with 1 handwheel

Attaches magnetically to machire.

HE 310: portable unit with 2 handwheels

4 axis-control keys for switching both handwheels to individual axes, where simultaneous maotion on
X=Y, X—Z, Y=, V-7 is possible.

Safety switch

Emergency STOP switch

Attaches magnetically to machine.

Traverse per
handwheel
revolution

10/5/2.6/1.25/0.625/0.313/0.156/0.078/0.039/0.02 mm (selectable via TNC keyboard)

Maximum
traversing
rate

2.4 per min, {& 4 rps) if not limited by TNC parameters

Power supply

from TNC

Cable length HR 150: 1 m (3 ft}, max. 10 m (33 fi)
HR 250: 3 m {10 ft}, max. 10 m (33 ft}
HE 310: 3 m {10 ft), max. 20 m (66 ft)
Enclosure IP 64 (HR 250 and HE 310 only}
Ambient Operation: 010 45°C (O to 118° F)
temperature Storage: =30 to 70° C (—22 to 168° F}
Weight HR '150: 0.3 kg (0.66 Ib} (without rotary knob/handwheel)

HR 250: 1.1kg (24 Ib)
HE 310: 32kg (86 Ib)
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Technical description
Specifications

Floppy-disk unit

FE 401: compact portable unit for use on multiple machines
{can also be used with TNC 131/TNC 135/TNC 145 and TNC 150}

Data interfaces

2 interfaces per CCITT recommendation V.24 or EIA standard BS-232-C
Baud rates:

with 1 interface: 2400/9600 baud

with 1 interface: 110/150/200/600/1200/ 2400/4800/9600 baud

Disk drives

2 disk drives, including one for copying
Panasonic JU 343

Floppy disks

BASF 3 1/2 inch, double-sided 135 TP

Storage capacity: approx. 790 kilobyte (approx. 25,000 program blocks), max. 256 different programs

Supply voltage

Muttirange 100/120/140/ 203G/ 220/240 V
+10% to —15%, 48 10 62 Hz

Power input

Max. 18 W

Ambient Operation: 15 10 45° C (59 te 113° F) {approx. 10 min. after starting: 10 to 45° C {50 to 113° F])
temperature Storage: —40 10 +60° C (-40 10 140° F)
Weight 4.9 kg (17 1b)

Magnetic tape unit

ME 101:  compact portable unit for use on multiple machines
ME 102: integrated unit for permanent installation in machine controt console

Data interfaces

2 interfaces per CCITT recommendation V.24 or EIA standard RS-232-C
Baud rates:

with 1 interface: 2400 baud, fixed

with 1 multirange interface; 110/150/300/600/1200/2400 baud

Cassette drive

Philips Min-DCR

Cassettes

Philips Digital Mini-Cassette, No. 892044010101, with write-protect tab
Storage capacity: approx. 35 kilobyte per side {approx. 1000 program blocks per side)
Erasure time: approx. 180 sec.

Suppiy voltage

Multirange
100/120140/200/220/240 V
+10% to 15 %, 48 to 62 Hz

Power input

1B W

Ambient Operation: 410 48° C (39 to N13° F)
temperature Storage: —30 10 70° C (=22 10 168° F)
Weight 4.7 kg (10 Ib}
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Technical description
Specifications

3D Touch-probe systems

TS 511 Touch trigger 3D probe
with infrared Probing repeatabiiity better than 1 um {40 pinch)
transmission Proting speed: max. 3 m/min. (9.8 ft per min.)

Stylus with shear point
Ruby probe tip
Shank and stylus shape availabie to customer specifications

Infrared transmission path;

2 signal transmitters {0 and 180°)

1 starting signal receiver {for 0°)

Optional signal radiation direction to spindie axis {specify when ordering}: 90/60/30°
Distance between 3D probe and transmitter/receiver: 500 to 2000 mm (20 to 79 in.)

Power supply:

4 “micro-sized” NiCd accumulator batteries

Maximum operating time per charge:

measuring mode 8 hr., standby mode 1 month

Delivery includes second battery set and external charging unit (220 V. 50 Hz)

Enclosure: IP 55

interface to CNC control unit

The interface consists of transmitter/receiver and evaluator electronics systern.
SE-Transmitter/receiver:

Diameter: 80 mm (3 in.) Length: 48 mm (2 in.)

Cable length: 3 m (10 fi)

Enclosure: IP 66

APE-Evaluator electronics system:

In die-cast aluminium housing: {LxWxH) 175 mm x 80 mm x 57 mm (7 x 3 x 2 in.)
Maximmum cable length: 20 m (65 ft)

Enclosure IP 64

TS 110 3D Touch-trigger probe
with cable Technical data same as 3D probe with infrared transmission, but without infrared transmitter/receiver.
Cable length: 3 m (10 ft)

Evaluator electronics system:

In die-cast aluminium housing; {LxXWxH) 175 mm x 80 mm x 57 mm (7 x 3 x 2 in)
Maximurn cable length: 20 m (65 ft}

Enclosure: IP 64
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TNC 155 BR/QR
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Dimensions
BE 111 9" video display unit
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Dimensions
BE 211 12" video display unit
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Dimensions
BE 411 video display unit
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Dimensions
PL 100/PL 110 PLC input/output board

Dimensions mm/inch {30
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Ti4

Index

A

Absolute dimensions K10, P24
-, 150 format D10
-, plain language P19
Advance stop distance t P98
Angle {parameter function) P87
Angle reference direction K2
Approach command M35 P6S
Approach command M36 P68
Arc with tangential connection (see Tangential Arc) F54
Auxiliary functions {M} P32
-, affecting program run P34
- list P34
-, variable P35
B

Basic rotation Al
-, entry A2
Baud rate E14
-, entry V3
Baud rate V2
Biank form (BLK FORM}) P172, P176
Biank form (Graphics) P172
Block call P164
Block number P2
Block number increment £14, D5
Block, deleting P166
Block, inserting P166
Buffer battery E3, P208
C

C (see circular path C) P44
Cable connection (ME, FE and EXT) V4
Calibration A3
-, effective length A3
——, entry Ad
-, effective radius A7
——, entry AB
CC (see circle centre and pole) F22, P44
CE key P4
Central angle P&0
Central toc! memaory Dg, P12
Chamiers P42
-, 150 format D20
-, plain language P43
Changeover mm/inch E12
Changing programming modes D3
Circle centre P20
-, IS0 format D11
-, plain language P23




Index

C continued

Circle centre = Datum AZ3
-, entry A24
Circular interpolation P44
-, 1580 format 014, 2156, D16, D18
-. plain language P47, P49
Circular path C P44
-, IS0 format D14, D16
-, plain language P47, P48
Circular path CR P50
-, 1SO format D15
-, plain language PB
Circular pocket P116
-. IS0 format D26
-. plain language P19
Code number E18
Conditional jump Pg4
-, 15O format D31
~, plain fanguage P85
Centour approach in a straight line P64
-, path angle a equal to 180° P65
-. path angle a greater than 180° Pes
-, path angle a less than 180° P&7
Contour approach on an arc P62
-, 1SO format D21
-, plain language P&3
Contour departure in a straight line PG4
-. path angle a equal to 180° P65
-, path angle a greater than 180° PB6
-, path angle a less than 180° P&7
Contour departure cn an arc P62
-, ISO format D21
-, plamn language P&3
Contour geometry (cycle} P128
-, ISO format D27
-, plain language P129
Contour mill P138
-, IS0 format D29
-, plain language P139
Contour pocket P122
—, example P143
—, program format P142
Contouring key P20
Control unit, switching on E4
Coordinate axes K1
Coordinate system K1
Coordinate transformations Po4
Coordinates K1, P18
-, cartesian K1, P20
-, polar {see Polar coordinates) K2, P24
-, programming P21, P25
Corner = Datum Al17
-, entry A18
Cosine {parameter definition) P82
CR (see circular path CR) P50
CT {see tangential arc) PB4
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Index

C continued

Cycle P94
-, call r94
~, cancel Pa7
-, define P94
-, delete P166
-, parameter D23
D

D {Address) D30
Data transfer Vi
Datum shift P150
—, 130 format D30
-, plair. language P151
Departure command M98 P68
Dialcgue prompting P2
Directory {(program management} P6, Db
DR {Direction of rotation) P44
-, angle K2, P164
-, circular interpolation P44
-, circular pocket milling P116
-, pocket milling P110
Dwell time P158
-, ISO format D31
-, plain language P15S
-, In machining cycle P98
E

Editing P8, P164ff
-, during execution P195
Electronic handwhesl M2
Etlipse (programming example} P88
Emergency STOP P192
END key P3
Enlargement P156
-, graphics P184
ENT key P3
Erase/edit protection PG
-, 130 format Dg
-, plain language P9, P11
Errar messages T24
Error number (Parameter function) P9
EXT V.24 Interface) V3
F

F (Address) B30, D31
F (see Feed Rate) P32, D12
Fast image data processing 175
FE (see Floppy Disk Unit) V3




Index

F continued

Feed rate P32, D12
-, in machining cycle P98
-, override M1, P188. P204
Floppy disk unit (FE) V3
FN {see Parameter function) P78
Freely programmable ¢ycles {progam call) P16Q
-, ISQ format D31
-, plain language P161
G

G {Address) D&
G-codes D&
GOTO (see Block Call and Conditional Jurnp) P164
Graphics P172
-, starting P176. P179
-, stopping P176. P177
H

H (Address) D13
Helical interpolation P60
-, 1SO format D18
~, plain language P61
I

I {Address) D11
{F equal, THEN jump P84
iIF greater than, jumyp P86
IF less than, jump P86
IF unequal, jump P86
[F-THEN jump (see Conditional jump} Pa4
Incremental dimensions K10, P19, P24, D10
-, 180 format D10
-, plain language P19
Infeed per cut P110
Input all programs V9
Interpolation. 30 {see Linear interpolation) P36
Interpolaticn factor M2
J

J {Address) on

T
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Index

K

K (Address) D11
k {see "Stepover”) P11
L

L (see Linear Interpclation) P36
Labels P70
-, call P70
-, number P70
-, setting P70
(BL P71
LBL CALL P71
LBL SET P71
Linear interpolation P36
Linear interpolation, 2D (see linear interpolation) P36
Linear interpolation, 3D {see linear interpolation) P36
M

M (Address) P32
Machine axes K3
Machine parameters P208
-, table P212
Machining cycles P94, P96
-, IS0 format ___ D22
-, plain language P95
MAGN key P1g84
Magnatic tape unit V2
Magnify function {graphics) P184
Manual operation M1
Manufacturer cycles P32
ME (see Magnetic Tape Unit} V2
Measuring system K5
Miling depth P104, P110. P116
Mirror image P152
—, 150 format D30
~, plain language 21563
MQD-Function E10
MP {see Machine Parameters) P208
N

N {Address) Db
NC: Scftware number E18
Nesting P74
NG ENT key P3



Index

0o

Cperating modes, on-screen display EG
Qutput all programs V13
Overlap facter (see stepover) P111
P

P {Address) {see Cycle parameters and Parameter definition} D23, D3C
Paging P164
-, in cycle definitions Pa&
-, In parameter definitions P79
-, in a program P164
Paramester P78
~, definition P78
-, display P170, P171
-—, 180 format D30
—-—, plain language P79
-, function P78
-, setting P78
=, ISC format D30
——, plain language P79
Paraxial machining P197
-, ISC format D12
-, plain language P199
Path angle P64
Peck drilling P98
Pecking depth P98
Peripheral device Vi
Pilot drill (cycle) P130
-, ISO format D27
-, piain language P131
Plan view (graphics) P175
Playback mode P200
PLC: Software number E18
Pocket milling {rectanguiar pocket) P110
Polar coordinates K2, P24
-, angle P24
——, 180 format o110
—--. plain language P25
-, radius Pz4
—-—, 180 format D10
—-, plain language Pzb
Pole P22
-, 180 format D13. D16
-, plain language P23
Position display E9
Position display. large/small E14
Positioning with MDI P204
Power interruptions E4
Program P1
- call PG
-, call (cycie) P160
——, 180 format D31
--, plain language P161

T19



T20

index

P continued

-, editing P164
-, editing protection Pe. P8
—, entry PG
——, 150 format D1
——. plain fanguage P1
Program. erasing & P168
-, erase protection P&, P8
-, label P70
--, 150 format D34
——, plain language P71
-, jump P70, P76, P84
--, IS0 format D29
—-, plain language P77
-, number PE
-, protection P6. P8
Program part repetition F72
—-—, 180 format D34
~~, plain language P72
Program run P188
-, aborting P130
-, full sequence P183, P192
-, interrupting P190
-, resuming P1283. P194
-, single biock P183, P192
Program STOP P17
-, checking (see Program test and Search routines) P170, P168
-, editing (see Ediling a programj P64
-, length P&
Program test run P170
-, directory V8
-, management P6
—-. ISC format 8]}
--, plain language P7, PG
Q

Q DEF key P78
Q key P78, D30
Q-Parameters, displaying P169
R

R (Address) D10, D20
Radius compensation P26
-, in continuous operation P26
-, fcr paraxial machining P197
Reacd-in program offered V10
Read-in selected program V17T
Read-out selected program V12
Rectangular pocket {see Pocket miling) P11Q
Reduction P156




Index

R continued

Refarence point K5
-, traversing E4
Reference position K5
Reference signal K5
Relative tool movement K3
REP [see Programm part repetition} P72
Repetition P72, P75
RND {see Rounding corners) PZ9
ROT {see Rotation angle) P155
Rotating the coordinate system P154
Rotation angle {ROT) P154
-, 1SO format D31
-. plain language P15h
Rough-out cycle P132
-, 180 format D28
-, plain language P132
Rounding corners P58
-, 180 format D20
-, plain language P58
Rounding radius Ph8
S

S (Address} P17. D9
Scaling factor P156
-, ISO format D30
-, plain fanguage P1b7
SCL (see Scaling factor) P157
Search routines P168
Set-up clearance P98
Simulation in 3 planes, graphics P174
Simulation, 3D P174
Sine (Parameter definition) P82
Slot miling P104
Snap-on keyboard D1
Scftware limits E14
Special tool P14
Spindle axis P16
Spindle orientation {cycle) P162
-, 1SC format D33
-, plain language P163
Spindle rotation (M-function) P34, P96
Spindle speeds P16, P18
Square root (Parameter definition} P80
-, from root sum of squares PB3
-, from square number P80
Standard programming {see Pregramming in 1SO format) D1
Stepover k P111
STOP P17
Straight tines P36
-, 180 format 012, D13
-, plain language P37, P41
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Index

$ continued

Subroutine P73
—, repetition P75
Supplementary operating modes E10
T

T (Address) P9
t (see Advance stop distance) Pa8
Tangential arc P54
-, ISO format 17
-, plain language PE5, P57
Tapping P102
-, IS0 format D23
-, plain language P1C3
Tecl P12
-, call P16
—, 150 format (BJe]
—--, plain language P17
-, change P16
-, compensation P12
-—, IS0 format Dg
—-, plain language P15, P17
——, in playback mode P15, P201
-, definition P12
——, IS0 format D39
--, plain language P15
-, length P12
——, IS0 format D9
-—, plain language P15
-, number P12, P16
~—, 180 format D9
—~, plain language pig, P17
-, radius P13
-—, 180 format DS
-—, plain language P15, P17
TOOL CALL P16
TOOL CALL C P16
TOOL DEF P12
Tool path compensation P26
-, 150 format Di9
-, plain language P28
—, contour intersection compensation with M7 P28
-, on external corners P28
—, on internal corners F199
-, termination with M28 P30, P68
-, with paraxial positioning blocks P197
——, 180 format D19
—-. plain language P199
Total hole depth P98
TOUCH PRORBE key A2
Touch-probe Al
Touch-probe function, general information A2




Index

T continued

Transfer blockwise Vid
Traversing speed (see also Feed rate) F32
-, constant, on external comers P29
THigonomeatric functions P82, PE7
U

User parameters E18, P208
v

V.24 Interface V1
-, aefinition V3
“acant blocks ES
w

Workpiece P19
-, axis (see also spindle axis) P16, PSO
-, contour P19
-, datum {setting) K8, K9
Waorkpiece daturm, setting K9
Workpiece surface = Datum AT4, A26
-, 18O format D33
-, plain language A1B, AZ7
Write protection V7
X

Y

zZ

Zero tool P12
-, IS0 format D24
-, plain language P107

T23
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Error messages

A

ANGLE REFERENCE MISSING

P48, P54

ARITHMETICAL ERROR

Pe7

BLGCK FORMAT INCORRECT

D1

C

CIRCLE END POS. INCORRECT

P46, P4

CYCLE INCOMPLETE

P194

CYCLE PARAMETER SIGN FALSE

PO9

D

DEFINITION BLK FORM INCORRECT

038

E

EMERGENCY STOP

P192

EXCESSIVE SUBPROGRAMMING

EXCHANGE BUFFER BATTERY

P72, P73, F74
E3. P208

EXCHANGE TOUCH PROBE BATTERY

A2

G

G-CCDE GROUP ALREADY ASSIGNED

D1, D7

ILLEGAL G-CODE

D2

J

JUMP TO LABEL O NOT PERMITTED

P70

L

LABEL NUMBER ALREADY ALLOCATED

P70




Error messages

M

ME: PRCGRAM INCOMPLETE

P

POWER INTERRUPTED

R

s

SPINDLE ?

STYLUS EXTENDED

T

TOOL CALL MISSING

TOOL RADIUS TOO LARGE

w

V7

MIRROR IMAGE ON TOCL AXIS P152
PATH OFFSET INCGRRECTLY STARTED P44
PGM SECTION CANNOT BE SHOWN P176
PLANE INCORRECTLY DEFINED P42, P58
D3, E4, E8

PROBE SYSTEM NOT READY A2
PROGRAM MEMORY EXCEEDED P166
PROGRAM START UNDEFINED P194, D10, D14
RELAY EXT. DC VOLTAGE MISSING D3, E4
ROUNDING RADIUS TOO LARGE P58
SELECTED BLOCK NOT ADDRESSED P193
P96

A2

P95

P28, P29

TOUCH POINT INACCESSIBLE A2
WRONG AXIS PROGRAMMED P153
P15

WRONG RPM

T25



Auxiliary functions M

M Function Active at block Remarks
be_gin— end page
ning
MOO  Siop program run/Sgindle STOP/Coolant OFF ™
MO2  Stop program run/Sgindle STCOP/Coclant OFF/if required: clearing ®
the status display (indepedent of machine parameters)/Return to block 1

MO0O3  Spindle ON: clockwise .

MO4  Spindle ON: counterclockwise .

MOS5  Spindle STOP, Coolant off {with standard PLC-program) ]

MO6 ool change/Stop program run {i req'd., depends on specified machine .

parameters)/Spindle STOP

MO8  Coolant ON .

MOS8  Coolant CFF )

M13  Spindle ON: clockwise/Coolant ON .

M14  Spindle ON: counterclockwise/Coolant ON .

M30 same as MOZ .

M89  Variable auxiliary function M

M89 _(?;cle call, modal {depends on machine parameters} ] PS4
MBS0  Constant tool path feed rate at external and internal corners . P29
M21  within positioning block: coordinates refer to the reference point .

{Reference point substituted for workpiece datum)

M92  within positioning block: coordinates refer to a position defined by ]
machine manufacturer via machine parameter. e.g. 100l change position
(workpiace zero is repiaced)

MS3  M-function assignment reserved by HEIDENHAIN .
M94  Reduction of displayed value for rotary table axis to below 360° ®
(programmed setting of actual value)
M95  Changed approach behavior for start in internal corners: .
no calculation of peint of intersection P69
M96  Changed approach behavior for start at external comers: . P88

inserting a tangential circle

M27  Coniour compensation on external corners: ] P28
point of intersection instead of tangential circle

M98 End of contour compensation active blockwise: . P30, P88
radius compensation RL/RR is cancelled only for the naxt positioning block

M99  Cycle call active blockwise . Po4




Address codes (ISO)

Address Function Input range
code Numbers Parameter
% Program start or call 0-99999998  —
A-axis {rotation about X-axis} = 30000.000 Q0 - Q99
B-axis (rotation about Y-axis} = 30000.000 Qo - C99
C-axis (rotation about Z-axis) £ 30000.000 Q0 - G889
D Paramester definition 0-14 —
(Program parameter Q)
F Feed rate 0 - 15999 Q0 - Q99
F Dwell with G04 0 -19899.999 Q0 - Q99
F Scaling factor with G72 0 - 99999 -
G G-code 0-99 -
H Poiar coordirate angle
in incremental dimensicns + 5400.000 Q0 - Q9%
in absolute dimensions + 360.000 Q0 - Q98
H Angle of rotation with G73 & 360.000 Q0 - Q89
| X-coordinate of circle centre/pole + 30000.C00 Q0 - Q99
J Y-coordinate of circle centre/pole £ 30000.000 Q0 - Q99
K Z-coordinate of circle centre/pole + 30000.000 Q0 - G99
L Set label number with GO8 0 - 264 -
L Jump to label number 1 - 2b4.6553b -
L Tool length with G99 =+ 30000.000 Qo0 - 099
M Auxiliary functions 0-299 —
N Block number 1 — 9999 —
in “Transfer blockwise” mode 1 - 68534 —
P Cycle parameter in machining cycles 01 -12 —
P Parameter in parameter definitions 01 -03 —
Q Program parameter "Q" 0-99 -
R Polar coordinate radius =+ 30000.000 Q0C - Q89
R Circle radius with G02/G03/G05 + 30000.600 Q0 - Q99
R Rounding-off radius with G25/G26/G27 0 -19999.999 Q0 - Q92
R Chamfer iength with GZ24 0 - 19999.989 GO - Q9%
R Tool radius with G99 4 30000.000 Q0 - Q92
S Spindle speed 0 - 30000.000 -
S Angular spindle position with G386 0 - 360.000 —
T Tool definition with G99 0- 2584 -
T Tool call 0- 264 —
U-axis {linear movement parallel tc X-axis) + 30000.000 Q0 - Q89
V-axis {linear movement paralle! to Y-axis) + 30000.000 Q0 - Q89
W-axis {(inear movement parallel to 7-axis) + 30000.0C0 Q0 - 099
X X-axis =+ 30000.00C Q0 - Q9¢
Y Y-axis =+ 30000.000 Q0 - Q9¢
z Z-axis =+ 30000.000 Q0 - Q8¢
* End of block - -




Auxiliary functions M

M Function Active at block Remarks
begin— end page
ning
MO0  Stop program run/Spindle STOP/Coolant OFF ]
MO2  Stop program run/Spindle STOP/Coolant OFF/if required: clearing 'y
the status display {indepedent of machine parameters)/Return to block 1

MO3  Spindle ON: clockwise L]

MQO4  Spindle ON: counterclockwise .

MO5  Spindle STOP. Cooclant off (with standard PLC-program) .

MO6  Tool change/Stop program run (if req'd.. depends on specified machine .

parameters)/Spindie STOP

MO8  Coolant ON L

M09  Coolant QFF .

M13  Spindle ON: clockwise/Coolant ON .

M14  Spindle ON: counterciockwise/Coolant ON .

M30 same as MO2 )

M89  Variable auxiliary function ™

M89 _C?\r/cle call, modal {depends on machine parameters) . Po4
MO0  Constant tool path feed rate at external and internal corners ] P29
M8t  within positioning biock: coordinates refer to the reference point °

(Reference point substituted for workpiece datum)

M92  within positioning block: coordinates refer to a position defined by .
machine manufacturer via maching parameter, e.g. too! change position
(workpiece zero is replaced)

Me3  M-function assignment reserved by HEIDENHAIN ]
M94  Reduction of displayed value for rotary table axis 1o below 360° .
(programmed setting of actual value)
M98  Changed approach bebavior for start in internal corners: .
ne calculation of peint of intersection P69
M96  Changed approach behavior for start at external corners: . P68

inserting a tangential circle

M97  Contour compensation on external corners: ] P28
point of intersection instead of tangential circle

M98  End of contour compensation active blockwise: . P30, P68
radius compensation RL/RR is cancelled only for the next positioning block

M99  Cycie call aciive blockwise . P94
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