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This operating manual is valid for all available TNC 151/TNC 155-versions:

- Tranisducer .

“iL Sinusoidal
signals |

*' Squarewave :
v signals

*without 3D-positioning and “transfer blockwise”

HEIDENHAIN is constantly working on further developmenis of its TNC-controls. It is therefore
possible that details of certain controf versions may deviate from the version explained in this
operating manual.

Manufacturer's certificate

We hereby certify that the above unit is radioshielded in accordance with the West German official
register decree 1046/1984.

The West German postal authorities have been notified of the issuance of this unit and have been
granted admission for examination of the series regarding compliance with the regulaticns,

information:
If the unit is incorporated by the user into an installation then the complete installation must comply

with the above reguirements.




Snap-on
keyboard

GO%%

Standard 1S0-Keys

Block number

Preparatory function

Feed rate/Dwell time with GO4/
Scaling factor

Auxiliary (Miscellaneous) f
uxiary (v llaneous)

(k=201

Spindle speed
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et

Parameter definition

Angle for polar co-ordinates/
Rotational angle with G73-cycle
X-Co-ordinate of circle centre
Y-Co-ordinate of circle centre
Z-Co-ordinate of circle centre

G BAE 80 DA G008

Set label number with G98/

Jump to labe!l number/

Tool length with G899

Radius for polar co-ordinates
Rounding-off radius with G25, G26,
G27/Chamfer with G24/

Tool radius with G99

T dAafinitinm with (2007
1001 GENiTIon Wil oo/
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Keyboard

Program management

B Designation and recall of programs

B Clear program

Recall of a program within another program

Entry of workpiece contour

Line (Linear interpolation}/Chamfers

Rounding of corners/Tangential contour approach and departure
Circle tangentially adjoining the previous contour (End position only}
Circle centre/pole

Circle definition {with circle centre and arc end position)

AHEEE

Programming and editing

B External data transmission

Touch probe functions

E Delete block

Actual position data programming

B Enter into memory

B BREE Search and editing routines

. Programmed STOP; Interruption/Discontinuation
Definition and recall of canned cycles
Definition and recail of subprograms

"No entry” into memory/Dialogue question "Skip-over”
B Definition and recall of toals

[ Tool radius/Tool path compensation

Graphics {TNC 155 only)

@ Graphics modes

Definition of warkpiece blank form and reset to blank form
= Magnify

Graphics start

Entry values and axis address

X [(¥) (@ [¥) Axis address
B3 Clear entry
B End block entry

Parameter programming
B Eniry of parameter to substitute a numerical value
B Definition of parameter functions

Operating modes

B Manual cperation {The control operates as a conventional
digital readout)

Positioning with MDI {Manual Data Input) (Block is keyed-in
without entry intc memary and immediately positioned)

Program run in single block operation {Block-by-block
positioning)

Automatic {complete run of program sequence)

Programming (Manual program entry or via the data interface)

B Elecironic handwheel

Program test {for checking stored program without machine
maovement)

B Supplementary operating modes (Vacant blocks - mmyinch —

Characier height of position display)

Display switchover: Actual/Nominal value/Distance to go/
Trailing error. Baud rate — Safety zones — User parameters -
Code number — NC/PLC-software number

With ISQ-programming; Block number increment

Polar co-ordinates/Incremental dimensions
[F] Nominal position entry in polar co-ordinates
(1] Nominal position entry in incremental dimensions




Operating panel

Axis selection Parameter
programming

Decimal
keyboard

| Program management

| Contouring functions

| Programming

| Editing

| Programming

| Graphics

| Buffer battery ’ : T HED NHAIN@
) HC 155 i

Polar co-
Feed rate Spindle speed ordinates/
{override) {override) Incremental |Operating
knob knob dimensions |modes




Screen display data

QOperating mode/
Fault-Error
message

| Dialogue line
[Preceding block

[ Current block

| Next block

| Successive block

| Position diplay
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Effective PARTL B 22,658

geometry cycles ) a*agéga
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Current circle -~ 35.4 3,808

centre position J_ MB3

| Brightness

Tool Spindle .
number speed Auxiliary
(Miscel-
laneous}
Feed rate function

Waorking
spindle
(tool) axis

Program
blocks for
program to
be edited

Status
display
for
program
being

executed

[Contrast
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Brief description
TNC 151/TNC 155 Control

Control type The HEIDENHAIN TNC 151/TNC 155 is a con-
touring control for 4 axes. Axes X, Y and Z are
linear axes and axis IV can be used opticnally for
the connection of a rotary table or a further linear
axis. The fourth axis can be switched on or off as
is required.

This 4-axis control permits:

@ linear interpolation in any 3 axes

@ circular interpclation in two linear axes
With the aid of parameter programming, com-
plex contours can be machined.

Program entry Program entry can be either in
@ HEIDENHAIN plain language dialogue
or
® in standard format to SO 6983 {G-codes).

Dialogues, entry values, the machining program,
fault/error messages and position data are dis-
played cn the VDU-screen. The program memaory
has a capacity for 32 programs with a total of
3100 blocks.

Entry of the machining program is either by
manual key-in or "electronically” via a data inter-
face. )

The “transfer blockwise™ mode permits transfer
and execution of machining programs from an
external data store.

During execution of a machining program, a fur-
ther program may be manually entered via the
tackground programming feature.

Magnetic tape The HEIDENHAIN rmagnetic tape units ME 101/

cassette units ME 102 are available for external storage of 2
program on magnetic tape cassettes. Thase units
each have two interfaces for connaction of a
peripheral unit (e.g. a printer) in addition to the
TNC 151/TNC 155.
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Program test

Exchange of
buffer batteries

Brief description |
TNC 151/TNC 165 Control

In the operating mode "program test”, the

TNC 151/TNC 165 checks a machining program
without machine movement. Program errors are
clearly displayed in plain language. A further
possibility for program checking is provided by
the graphics feature in which program run is
simulated. Machining in the three main axes can
be simulated with a constant tool axis and a
cylindrical milling hob.

Programs which were compiled on the control
models TNC 145 and TNC 150 are fully compat-
ible with the TNC 151/TNC 155. Entry data is
adapted to the TNC 161/TNC 155 by the control.
An existing TNC 145 program library is also
accepted by the TNC 151/TNC 155. '

The buffer battery is the power source for the
machine parameter store and the program
memaory of the control. It is located beneath the
cover on the control panel.

If the error message

= EXCHANGE BUFFER BATTERY =

is displayed, the batteries must be exchanged.
{Upon display of the message. the memeory con-
tenit is retained for approx. 1 week)
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Battery type

Mignon cells, leak proof
IEC-description "LRG"
Recommended: VARTA Type 4006




Switch-on

E4

Control switch-on
Traversing over reference points

s s e

Switch on power.

—

v

MEMORY TEST

The control checks the internal control elec-
tronics. The display is erased automatically.

v

POWER INTERRUPTED

Cancel dialogue message.

v

RELAY EXT. DC VOLTAGE MISSING } @

Switch on control voltage.

v

PASS OVER Z-REFERENCE MARK
PASS OVER X-REFERENCE MARK
PASS OVER Y-REFERENCE MARK
PASS OVER REFERENCE MARK AXIS 4

Traverse over the reference point of
each axis.
Start each axis individually.

v

MANUAL OPERATION

v




Control switch-on
Traversing over reference points

_[ ) ’ Select supplementary mode.

PASS OVER Z-REFERENCE MARK
PASS QVER X-REFERENCE MARK
PASS OVER Y-REFERENCE MARK
PASS OVER BEFERENCE MARK AXIS 4

(. J
VACANT BLOCKS = 1654 } E’ Select MOD-function "code number”.

CODE NUMBER = - Key-in code number 84159,

D\ 4
&) .

© Enter into memory.

v

a N

Traverse over reference
point of X-axis.

v
] (O (L &

o - Traverse over reference
CAUTION: SOFTWARE LIMITS INACTIVE point of Y-axis.
CODE NUMBER = 84159

PASS OVER Z-REFERENCE MARK
PASS OVER X-REFERENCE MARK
PASS OVER Y-REFERENCE MARK

PASS OVER REFERENCE MARK AXIS 4

Traverse over reference
point of Z-axis.

Traverse over reference
point of [V-axis.

. ' _J

The reference points can be traversed .over in
any desired sequence, either via the axis
direction butions or via the external start button.

v

'MANUAL OPERATION

ES



Manual
operation

W

Electronic
handwheel

&

Positioning with
MDI

3)
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Operating modes and screen displays

Operating mode, Error messages

Dialogue line

Position display

MANUAL OFERABRTION
DRTUM SET

ACTL.

Status displays

Status displays

Operating mods, Error mességes

Subdivision factor
foi electronic handwheel

ELECTRONIC HANDWHEEL
—® INTERPOLRTION FACTOR: 2

RCTL,

Position display

Operating mode, Error messages

Dialogue line

Programmed block

Position display

—® POSITIONING MANUAL DATR INPUT
FEEQD RRTE 7 F=
———————o C+129, 06648

re G
52,970

ACTL.

Status displays

36,853
30,615

X
Y

7/

Ci 90,000

F Mmas




Operating rhoaes and screen displays

Program run,
single block
(HEIDENHAIN- o

dialogue) Operating mode, Error messages —® PROGRAM RUN/FULL SEOLENCE

Current program block — 15 | X+182,860

) - R

2
1
l

85, 736
65,538
82,000

Position display
{farge characters}

O~ —<C

Display: Program running
22,658
@,888

gzagen
3.083a
H@3

+ + 1

c
-28,E88 SCL
35,8688 Y
F

Status displays

“r o
(]
[
—

Program run,
single block
{1ISO-Format)

Operating mode, Error messages PROGRAM RUN/FULL SEBUENCE
-p ' N138 GZ§ *
Current block Nlug GEl 548 53F z+1 F3385 M@3 ¥
N15@ 575 P@i -1 PBZ -28 P33 -3
PE4 42 PBS !8.5 P@5 8@ x
. N15B 579
Successive blocks NL78 511 R+3@ H+135 %

N1B3 B75 FEl -1 PBZ -38 P83 -3
- . 4g PBES 25 PEE l@@ x
Position display

(small characters)

Display: Program running

Status displays

Programming
@ Operating mode, Error messages — PROGRRMMING AND EDITING
O JCOORDINATES
Dialogue line C X+B5,008 Y+42,E88
' - gR~ R F M
Current block cc Y+12.888

LP PRE+29,888 PR+17E,088

RND

Position display

Status displays




introduction

Limitations

Vacant blocks

ES

Supplementary operating modes

in addition to the main operating modaes, the
TNC 161/TNC 155 also provides supplementary
operating modes . e. MOD*-functions.
Supplementary operating modes are addressed

with the-key. After pressing this key, the

dialogue line displays the MOD-function "Vacant
blocks™,
The MOD-menu can be paged both forward and

reverse via the -keys. Forward paging
is also possible with the ~I<ey.

Supplementary modes are cancelied with

the -key.

* MOD = abbraviation for "modes”

With program run in the or-mode, the

following supplementary modes can be
addressed:

@ Position display enlarged/small

® Vacant blocks

During display of

= POWER INTERRUPTED =

the following supplementary modes can be add-
ressed:

@ Code number

® User parameters

@® NC-software number

@® PLC-software number

The supplementary mode "Vacant biocks” indi-
cates the number of vacant blocks which are still
available.

When programming in ISO-format (G-codes). the
number of vacant characters is displayed.

MOD

Display example:

VACANT BLOCKS = 1178




Supplementary operating modes
Addressing and cancellation of MOD-functions

MOD

Addressing Operating mode

Dialogue initiation

' VACANT BLOCKS = 1974

Select MOD-function via paging'keys ‘ }

or MOD-key

(only forward paging possible}. }

Cancellation
LIMIT X+ = X+ 350,000 ' } Leave supplementary made

E9




Supplementary operating modes

mm/inch The MOD-function mm/inch enables the operator
changeover to choose between metric and imperial display.

Press [ENT)| for changeover from mm - to - inch
g

or vice-versa,

X 15,789

!Illl[ll’llllIII|I||I,|III]IIII|II—X

mm
aQ 0 20 30

X{ 06216

I||1|[—|—rll||""x
Inch
The mm or inch made can be easily recognised 0 05 1
by observing the number of decimal places:
X 15789 mm-display
X 06216 inch-display 1
Position data The MOD-function "position data display”
display enabies selection of various position data;
® Display of the actual position: ACTL Y‘F
® Display of the distance to reference
points: REF . " "
® Display of displacement between the momen- - o nommiaL”
tary nominal position and the actual positign ACTUAL position
(trailing error or lag): LAG LAG position
® Display of the momentary nominal position as
calculated by the control: NOML . NOML
REF
REFERENCE
lAm _ POINT X
&)
REF
ACTL LAG
[ NOML
® Display of the "distance to go” to the nominal
position (difference between programmed
nominal position and momentary actual posi-
tion): DIST Yﬁ\
Programmed
NOMINAL
position
DIST
X
@ -

E10



Supplementary operating modes

Position .
data display Setect MOD-function, '
.

CHANGE MM/INCH

The control displays position data in mm . .
and is to be changed to inch-mode. ’ Switchover.

The changeover from inch-mode to mm-mode is
performed in the same mahnar.

mm/inch

changeover Select MOD-function. - ’
v . .
- N

PROGRAM RUN/SINGLE BLOCK
POSITION DATA

NOML X Y

\ J
. . . . Switchover.
The_t_jlselay is to be switched over to "actual ' (Repetitive pressing untit ACTL is
) posion”; displayed)

rF’ROGRAM RUN/SINGLE BLOCK \

POSITION DATA

ACTL X...Y...
. /

Switchover.

The display is to be switched over to "nominal } (Repetitive pressing until NOML is
position” again: - displayed} .

Switchover to the modes REF, LAG and DIST is
performed in the same manner.

E11




Supplementary operating modes

Position display  The character height on the screen display can
enlarged/small be converted in the operating mades: pra-

gram run single block and automatic pro-
gram run.

With display in small characters, four orogram
blocks are also shown {previous. current, next

and a successive block). With large characters,
only the current block is displayed.

I
14
i

S,

galRtadil
it

St

:
s
:
‘!‘
zf
idl
:
i

) FIH G E
B i e OB R R LR h T e e R g PR R BOa L Rk i A

Block number When programming in 1SO-format {G-codes), the

increment increment from biock number-to-block number
can be determined via the MOD-function "Block
number increment”.

if the block number increment is e.g. 10, the
blocks are numbered as follows:

N10

N20

N30

ete,

Entry range: 0 - 99

Baud rate The MOD-function "Baud rate” indicates the data
transmissicn rate for the data-interface (see page
"Baud rate entry”).

E12



Supplementary operating modes

Position display Select MOD-function “Position data displ
enlarged/small elec -function “Position data display )
s large/small™;
PROGRAM RUN/SINGLE BLOCK w
POS. DATA DISPLAY LARGE/
SMALL
17L X...Y..
18L X...Y..
19CC X...Y ..
20C X...Y.
ACTL X Y
S
Switchover of position display to large: '
' ]
"~ PROGRAM RUN/SINGLE BLOCK \ )
18L X...Y...
ACTL X...
: Y..
Z..
C...
. S
Switchover from large to small is performed in
the same manner.

Block number

: ' Select MOD-function "Block number
increment ! ; .
increment” } m

BLOCK NR. INCREMENT = } D Key-in increment size
| v

Enter into memory

E13
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Supplementary operating modes

With the MOD-function "Limit", traversing ranges
can be provided with safety zones e. g. for pre-
vention of workpiece collisions.

Maximum traversing ranges can be defined by
software limits. The traversing limits of each axis
are set one after the other in the + and — direc-
tionss, in relation to the reference point. When
determining the limit positions, the position dis-
glay must be switched to REF.

+Z
f Required safety zone

B ——

| 7

I
50

O

Referance point
~% Ref

-0 19 E] 30 40 ]
] ' ) i *X
| Wor‘kplece I
T
| Machine table a—- :
I } Transducer | —l
I
I
|

v

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

! X Ref
-80 -1  -80 -5 -40 30 -z20 -10 ¢




Supplementafy operating modes

Setting Operating mode or '

safety zones

Select MOD-function "Limit”: ‘ ’
v

LIMIT X+ = + 30000,000

Traverse to limit position via axis jog but-
tons or electronic handwheel.

Program displayed position, e.g. —1\0.000: ' Key-in X-value.

Enter into me'mory.

el

v

LIMIT X+ = — 10,000

.

Select next MOD-function "Limit": '

LIMIT X— = — 30000,000

Traverse to limit positibh via axis jog but-
tons or electronic handwheel.

Program di'splayed position, e.g. -~ 70.000; ’ Key-in X-value.

©)

Enter into memory.

‘v

LIMIT X— = — 70,000 ' . . ]

The setting of limits in the remaining traversing
ranges is performed in the same manner.

E15



NC-Software
number

PLC-Software
number

User parameters

Code number

E18

Supplementary operating modes

This MOD-function is used for display of the
software number for the TNC-Control model.

This MOD-function is used for display of the
software number of the integral PLC.

With this MOD-function, up to 16 machine para-
meters can be made available to the machine-
operator. User parameters are allocated by the
machine tool builder. Details should be obtained
frorm the rmachine tool builder.

This MOD-function can be used for

.a special routine for "reference mark approach”

via code numbers or

.the cancellation of edit/erase protection for pro-

grams {refer to appropriate section)

Display example:

NC: SOFTWARE NUMBER 227 020 08

Display example:

PC: SOFTWARE NUMBER 228 601 01




Supplementary operating modes

User parameters

Select MOD-function “User parameters” ’
v

USER PARAMETERS ’ Enter MOD-function into memory™*

h 4
Select required user parameter

If necessary. change parameter

Enter into memory

| B4

Leaving the user

parameter mode Egggé;:ggtlon, User parameters” s to be ’ Leave MOD-function

*If the machine toal builder has not allo-
cated a dialogue text, the display will show
USER PAR. 1

E17
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Manual operation
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Axis jog
operation
Continuous
operation
Feed rate
Spindle speed

grammed via the ~I<ey {see "Program stop”).

Auxiliary function Auxiliary (miscellaneous) functions can be pro-



Versions

Interpolation

factor

Operation

M2

Manual operation

Operating mode “Electronic handwheel”

The control can be equipped with an electronic
handwheel for assisting set-up operations.
There are three versions available;

® HR 160: T Handwheel for incorporation into
the machine operating panel;

® HR 250: 1 Handwheel! in a portable unit;

® HE 310: 2 Handwheels in a portable unit
with additional axis address keys
and emergency stop button.

Reduction of the traversing distance for each
handwheel revolution is determined by the inter-
polation factor (see adjacent table).

With versions HR 150 and HR 250 the hand-

wheel is allocated to the axis via the X Y
-keys.

The version HE 310 with dual handwheels also
has additional axis buttons

. This enables one handwhee| to be

switched to the X or IV-axis and the other
handwheel to Y or Z.

The moving axis which is being activated by the
handwheel is shown in the display in inverted
characters.
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Operation
HR 150/
HR 250

Operation
HE 310

Manual operation

Operating mode "Electronic handwheel”

Operating mode and dialogue initiation

INTERPOLATION FACTOR: 3

o}g

Key-in required subdivisional factor,
e.qg. 4

Enter into memory.

v

INTERPOLATION FACTOR: 4

o 4

Enter required traversing axis,
e.g. Y.

The tool can now be moved in the positive or
negative Y-direction with the electronic hand-
wheel.

Operating mode and dialogue initiation

<4

INTERPOLATION FACTOR: 4 0 ’ D Enter required interpolation factor,
e.g. 6. :
h 4
Enter into memaory.
INTERPOLATION FACTOR: 6 6 ’ Enter first traversing axis at the

handwheel unit, e.g. Z.

Enter second traversing axis at the
handwheel unit, e.g. X.

The tool can be moved in the positive or nega-
tive Z-direction with the first handwheel and in
the positive or negative X-direction with the
second handwheel.
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Introduction

Right-angled
or
Cartesian®)
co-ordinate
system

Example

Co-ordinate system and dimensioning

An NC-machine is only able to machine a work-
piece if all machining operations have been com-
pletely defined by the NC-program. For complete
machining operation, the nominal positions of the
tool — in relationship to the workpiece — must be
defined within the NC-program. A reference sys-
tem i.e. co-ordinate system, is necessary for
defining the nominal position of the tool.
Depending on the job, the TNC permits the use
of either right-angled co-ordinates or polar co-
crdinates.

A right-angled co-ordinate system is formed
either by two axes in a plane and 3-axes in
space. These axes intersect at one point and are
also perpendicular to each other. The intersecting
point is referred to as the origin or zerg-point of
the co-ordinate system. Fach axis is designated
with a letter X, Y or Z.

The axes are each allocated with an imaginative
scale, the zero-point of which, coincides with the
origin of the co-ordinate system. The arrows
indicate the positive counting directions of the
scales. -

* Named after the franch mathematician René
Descartes, lat. Renatus Cartesius (1596-1650)

With the aid of the Cartesian co-ordinates sys-
tem, random points of a workpiece can be locat-
ed by stating the appropriate X, Y and Z-co-ordi-
nates:

P1 X =20 abbreviated:
Y= 0 P1(20; 0; O
Z= 0

P2 (20:; 35; 0}

P3 (40; 35, -10)

P4 (40, 0; -20)

K1

Co-ordinates/
Dimensions K



Co-ordinate system and dimensioning

The Cartesian co-ordinate system is particularly
convenient if the working drawing is dimen-
sioned as per the adjacent exampie.

Definition of positions on workpieces incorporat-
ing circular elements or angle dimensions is easi-
er with polar co-ordinates.

Polar The polar co-crdinate system is used for defining

co-ordinates points in one plane. System reference is via the
pole (= zero-poini of co-ordinate system) and
the direction {= reference axis for the specific
angle).

Points are described as foflows:

by specifying the polar co-ordinate radius PR
(= distance between the pole and point P1) and
the angle PA between the reference direction
(+X-axis, in the adjacent drg.) and the connect-
ing line: pole — point P1.

Entry range The polar co-ordinates angle PA is entered in
- degrees (°).
Entry range: absclute - 360° to +360°
incremental —5400° to +b400°
PA positive; Angle clockwise
PA negative: Angle counter-clockwise

Angle reference  The angle reference axis (0°-axis) is
axis the +X-axis in the XY-plane,

the +Y-axis in the YZ-plane,

the +Z-axis in the ZX-plane.

The sign for the angle PA can be determined in
accordance with the adjacent drawing.




Example

Relative tool
movement

Correlation of
machine slide
movements and
co-ordinate
system

The three
main axes

Co-ordinate system and dimensioning

The pelar co-ordinate system is particularly use-
ful for defining a workpiece if the working draw-
ing contains a number of angle dimensions as
shown in the adjacent example.

When machining a workpiece, it is irrespactive
whether the tool moves or the workpiece
moves with the tool remaining stationary.

Only the relative movement is considered when
compiling a program.

This means e.9.:

if the milling machine table carrying the work-
piece traverses to the left, the relative movement
of the tool is towards the right.

If table motion is upwards, the relative tool
motion is downwards.

Actual tool motion only takes place if the spindle
head is moving, i.e. machine movement always
corresponds to the relative tool motion.

In order that workpiece co-ordinates within the
machining program can be correctly interpreted
by the control, two factors must be clarified:

@ which slide will traverse parallel to the co-
ordinate axis {correlation of machine axis to
co-ordinate axis)

@® which relationship exists between machine
slide positions and co-ordinate data of the
program.

The correlation of the three main co-ordinate
axes to the appropriate machine slides is defined
by the standard ISO 841 for various machine
tools. Traversing directions can be easily remem-
bered by applying the “right-hand rule”

Programmed
relative tool movement
to the right_

Table movement
to the left

K3




The fourth axis

K4

Co-ordinate system and dimensioning

The machine tocl builder will determine whether
the fourth axis - when switched on - is to be
used as a rotary table or linear axis (e.g. a
controlied quill) and how it is to be designated
on the VDU-gcreen.

An additional linear axis with a movement paral-
lel to the X, Y or Z-axis is designated with U, V
or W,

When programming rotary table movements, the
rotation angle is entered for A, B or C-values in
degrees ().

Tlhic Avio 1o reaforesaA +
1Tl dALS 1o TEISITed L
rotating about the X,

~< O
g
I
o)
x.
»

2Ny




Correlation
of
co-ordinate
system

Co-ordinate system and dimensioning

The allocation of the co-ordinate systemn 1o the
machine is defined as follows:

The machine slide is traversed over a defined
position — the reference position (also referred to
as the reference point). When crossing this point,
the control receives an electrical signal from the
transducer (reference signal),

On receiving the reference signal, the control
aliocates a certain co-ordinate value to the refer-
ence point. '

This procedure is repeated for all machine slides.

Tha co-ordinate system is now correlated to the
machine.

The reference points must be traversed over after
every interruption of power supply, otherwise the
correlation between the co-ordinate system and
the machine slides is lost.

Before this procedure, all other functions are inhi-
bited. : '

On crossing the reference points, the control
then knows where the previous zero datum (refer
to following secticn) and the software limits were

located.
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Setting the
workpiece
datum

Setting the
workpiece
datum in the

. working plane
with an optical
edyge finder

With a
centring
device

Ké

Co-ordinate system and dimensioning

Setting the workpiece datum

To save unnecessary calculation work, the work-
piece datum is located at the point from which
all dimensioning is commenced. For safety rea-
sons, the workpiece datum is always located at
the uppermost level of the workpiece in the feed
axis.

Traverse to the required location for the work-
piece datum and reset both axes of the working
plane to zero.

Traverse to a known position e.g. fo a hole
centre with the aid of the centring device. The
co-crdinates of the hole centre are then entered
inte the control (e.g. X = 40, Y = 40). The loca-
tion of the workpiece datum is then defined.

Symbol for workpiece datum




With
touch probe
or tool

Setting the
workpiece
datum

in the feed
axis by
-touching the
workpiece
surface

With
preset tools

Co-ordinate system and dimensioning

Setting the workpiece datum

Traverse machine until the tocl makes contact
with the reference edges of the workpiece. When
the tool touches the workpiece edge. preset the
position display to the value of the tool radius
with negative sign (e.g. X = -5,Y = -5b).

Traverse zero-tool to workpiece surface. When
the tool tip touches the surface, reset position
display of the feed axis to zero.

If touching of the workpiece surface is undesired,
a small metal plate with a known thicknes {e.g.
0.1 mm) may be placed between the tool tip. and
the workpiece. Instead of zero, the thickness of
the plate is entered {e.g. Z = 0.1}.

With preset tools, i.e. when the tool length is
already known, the waorkpiece surface is touched
with a random tool. In order to allocate the work-
piece surface to the value zero, the known length
L of the tool is entered as an actual position
value — with positive sign — for the feed axis.

If the workpiece surface is to have a preset value
differing from zero. the following value is to be
entered:

{Actual value Z} = (Tool length L) + {surface
position)

Example:

Tool length L = 100 mm

Position of workpiece surface = + b0 mm
Actual value Z = 100 mm + 50 mm = 150 mm

®
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Co-ordinate system and dimensioning

When setting the zero datum of the workpiece,
definite numerical values ("REF-values”) are allo- ‘
cated to the reference points.

The control automatically memorizes these

values. After an.interruption of power supply.
simple reproduction of the workpiece datum is

now possible by traversing over the reference
points.

Linear transducer

Machine slide traversed to reference point




Setting the
workpiece
datum

Co-ordinate system and dimensioning

Setting the workpiece datum

Operating mode

Dialogue initiation

DATUM SET X =

Key-in value for X-axis.

Enter into memaory.

Dialogue initiation

DATUM SET Y =

Key-in value for Y-axis.

Enter into memaory.

Dialogue initiation

DATUM SET Z =

Key-in value for Z-axis.

Enter into memory.

Dialogue initiation

DATUM SET C =

Key-in value for 4 axis.

Enter into memory.

- Depending on the machine parameters which
have been entered, the 4 axis is designated and
displayed with A, B, C or U, V, W.

K9




Co-ordinate system and dimensioning
Absolute/Incremental dimensions

Dimensioning Dimensions in working drawings are either abso-
lute or incremental dimensions.

Absolute Absolute dimensions of a machining program

dimensions are referenced to a fixed absolute point e.g.
the zero datum of a co-ordinate system or a
workpiece datum.

incremental Incremental dimensions of a machining program
dimensions are referenced to the previous nominal position
of the tool.

K10



Introduction

Program

Programming

Programming
language

Programming
Introduction

As with manual-operated machine tools, a work-
ing plan is also required for NC-machine tools.
The sequence of operations is the same.

On manually-operated machines, each working
step must be executed by the operator; however,
on an NC-machine, the electronic control per-
forms the calculation for the tool path, the co-
ordination of the feed movements of the machine
slides and the supervision of the spindle speed.
For this, the control receives the information from

a nranram whirh hae haon antarad
O TV Vol 1ido wooii i,

The program can be simply regarded as a work-
ing plan which is written in a certain language.

Progrémrning is the compilation and entry of
such a working plan in a language which is com-
prehensible to the control.

in a machining program every NC-program-'
ming block correspond to a warking step. A
block consists of single commands.

Working
PLAN

Exémples

Programmed
working step

Meaning

Traverse the Y-axis slide to

¥-60,000 the pesition —50.000 mm

Traverse the axis slide
F250 with a feed rate of

250 mm/min.

-Call-up of compensation
TOOL CALL1

values for tool number 1

P1

"~ Entry in

plain language P



Program
structure

Block number

Dialogue
prompting

P2

Programming
Program

A program which is used for the manufacture of
a workpiece can be subdivided into the following
sections:

@ Approach to tool change position,
@ Insert tool,

® Approach to workpiece contour,
® Machine workpiece contour,

@® Depart from workpiece contour
® Return to tool change position.

Each program section comprises individual pro-
gram blocks. )

The control automatically allocates a block num-
ber to each block. The block number desig-
nates the program block within a machining pro-
gram.

When erasing a block, the block number remains
and the subsequent block then shifts to the allo-
cation of the erased block.

Programming is guided by a prompting routine,
i.e. during program entry, the control asks for the
necessary data in plain language.

With every block, a sequence of dialogues is
opened by pressing the dialogue initiation key

e.g.|I5F| {the control subsequently asks for the

tool number and then the tocl length etc.).

The operator is made aware of entry errors via
the plain language display. incorrect data can be
amended immediately during program entry.

Program

APPROACH TO TOOL
CHANGE POSITION

TOOL CALL

APPROACH TO
WORKPIECE CONTOUR

MACHINE WORKPIECE
CONTOUR

DEPART FROM
E

NTQUR

RETURN TO TOOL
CHANGE POSITION

7L Z - 20,000

RO F9999  MO3

8 L X-12000 Y + 60,000
RO F9999 M
9 L X+ 20,000 Y + 60,000
RR F40 M
10 BRND R + 5,000
11 L X+ 50000 Y + 20.000
RR F40 M
12 ¢C X -10000 Y + 80000
13 C X+ 70000 Y +51715
DR + RR F40 M
14 CC X+150000 Y +80.000
15 C X+ 90,000 Y + 20,000
DR + RR K40
16 L X + 120,000 Y + 20,000
RR F40 M
Dialogue Press appro-
initiation: ’ D priate key
First dialogue D Respond to
" question is ’ diaiogue
displayed D question
Second dialogue [:I Respond to
question is ’ dialogue
displayed D question




Responding
to dialogue
questions

Omission of
dialogue
questions

Curtailed
blocks

Programming

Responding to dialogue questions

Every dialogue question must be responded to.
The response is displayed in the inverted charac-
ter line on the screen.

After complete response of the dialogue ques-
tion, the entered data is transferred into the

memaory by pressing .

"ENT": Abbreviation for the word “enter”.

Certain entry data remains identical from block-
to-block, e.g. the feed rate or spindle speed.
Such diatogue guestions do not have to be
answered and can be "skipped over” by

pressingm,

The data which is already displayed in tha in-
verted character line iserased and the next dia-
logue guestion appears.

When executing the program, the data previously
entered under the appropriate address is valid.

By using thevkey, it is possible to curtail
the programming of positioning blocks, tool calls
or the cycles "datum shift” and "mirror image”.

The -key can he pressed for transferring the

data into the memory (as per), or for direct

access to the subsequent dialogue guestion {as

per |E| ).

When executing the program, the data previously
entered under the appropriate address is valid.

P3



Entry of
numerical values

P4

Programming
Entry of numerical values

Numerical values are enterad on the decimal
keyboard - with decimal point and arithmetical
sign. Leading zeros before the decimal point may
be neglected. (The decimal point is dispiayed as
a decimal comma)

Entry of the arithmetical sign is possible prior,
during or after entry of the numerical value.

Incorrect entries can be erased by pressing

the -key (clear entry) — before transferring
into the memory — and re-eniered correctly.




Remarks




Erase/Edit
protection

Protection
against erasing
and editing

Program list

Call-up of an
existing program

P6

Program management

The control has the capability of storing up to 32
programs with a total of 3100 program blocks.

In order to differentiate between programs, each
program is designated with a program number.

A machining program can consist of max. 999
blocks.

Programs may be protected against direct inter-
vention {e.g. program aditing or erasing).

The dialogue for entry or call-up of & program
number is initiated by pressing .

The display shows the program directory listing

all the programs which are contained in tha pro-
gram memory. The program extent is indicated
behind the program number (total number of
program blocks).

Programs already entered are called-up via the
program number. This can be performed in two
ways:

® Programs which are stored in the control
memory are displayed on the screen with the
appropriate program number. The number
last entered or called-up is shown in inverted
characters.
The inverted character cursor can be shifted
within the table of numbers by using the

editing keys .

The program within the inverted character

cursor is called-up by pressing .

® A program may be called-up by keying-in the

program number and pressing @ .

H
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Entry of a
rnew program
number

Display example

Program management

Operating mode

Dialogue initiation

PROGRAM SELECTION

PROGRAM NUMBER

Enter program number
(max. 8 digits).

Enter into memory.

v

MM = ENT/INCH = NO ENT

for dimensions in mm

for dimensions in inches

0 BEGIN PGM 12345678

1 END PGM 12345678

MM

The program is numbered 12345678;
dimensions are in mm.

When programming, the machining program
is inserted between the BEGIN-block

and the END-biock.

Selecting an
existing pro-
gram number

Display example

Operating mode

Dialogue initiation

PGM
NR

r [ o [@] o [I]

PROGRAM SELECTION

PROGRAM NUMBER =

the reverse video cursor:

Or key-in the program number:

Either select program number using

) desived mumber

>
h 4

Enter number into memaory.

Key-in number.

Enter into memory.

1L...

G BEGIN PGM 8324 MM

The beginning of the selected program
appears on the screen.

P7



Erase/Edit
protection

P8

Program management
Programs with edit protection

After program compilation, an entry can be
made for erase/edit protection. Programs having
protection against erasing and editing are
marked with the letter P at the beginning and
end of the program.

A protected program can only be erased if the
erase/edit protection has been cancelled. This
can be done by addressing the program and
entering the code number 86357.



Program managemen\t
Programs with edit protection

Entry of erase/ Operating mode
edit protection

- Select block number 0 of program
to be protected. :

0 BEGIN PGM 22 MM } Press until dialogue question

PGM-Protection is displayed.

PGM-PROTECTION? ’
b 4

0 BEGIN PGM 22 Mm [P] - Protection is programmed.

Display example
0 BEGIN PGM 22 MM P

1L...
2 L...
Cancellation of
erase/edit Select program which is to have
protection protection cancelled. _
0 BEGIN PGM 22 MM P ’ Select supplementary mode.
VACANT BLOCKS 2951 3 Select MOD-function “Code number”.
CODE NUMBER = Bl ] Keyincode number 86357.
A 4
Erase/edit protection is cancelled.




Programming of tool compensation

Tool definition In order that the control can calculate a tool path
TOOL DEF which conforms to an entered workpiece con-
: tour, the tool length and radius must be
entered. These data are programmed within the
TOOL DEFINITION.

Tool number Compensation (or offset) values are related to a
certain tool which has a certain tool number.

Entry values for the tool number depend on the
type of machine tool:

with automatic tool changer: 1 - 99,

without automatic tool changer: 1 - 2564,

Tool length The offset value for the tool length can be
determined on the machine or on a tool preset-
ter.

Z |

If the length offset is to be determined at the
machine, the workpiece zero datum is to be

defined. The tool with which the workpiece zero
datum was set has the offset value 0 and is
referred to as the "zero-tool”.

Length offset values of the remaining tools cor- zero tool
respond to the length difference from the zero-
tool.

Arithmetical sign If a tool is shorter than the zero-tool, the differ-
ence is programmed as a negative cffset value.

If a tool is longer than the zero-tool, the differ-
ence is programmed as a positive cffset value.

If a tool presetter is being used, all tcol lengths
are already known. The offset values are entered
from a list with the correct arithmetical sign.

P10



Tool radius

Programming the workpiece contour

A tool radius offset is always entered as a posi-
tive value {exception: radius compensation with
playback programming).

For drilling and boring tools, the value 0 can be
entered.

Possible entry range: = 30000.000 mm

P11




Central
tool store

Toolchanger
with random
select facility

Blockwise
transfer

P12

Programming of tool compensation

As of software version 03, TNC 151 and TNC 155
can activate a central tool store via machine
parametars.

The central tool store is addressed via the pro-
gram number O and can be amended, output

and input in the "programming”-mode. Up

to 99 tools can be stored. Each tool is entered
with a tool number, length, radius and store loca-
fion.

When using a toolchanger with random seiect,
i.e. variable tool location coding, the control is
responsible for the tool management. Random
tool selection operates as follows: Whilst a cer-
tain tool is being used for machining, the control
is already searching for the next tool to be used.
When a tool change takes place, the tool last
used is exchanged for the new tool, The control
automatically registers the tool number and in
which store location is was last placed. The tool
which is to be searched for is programmed with

T00 . . . )
the DEIE‘- -key. {Caution! This is a new function for .

the -key).

Tools which, due to their size, allccate three loca-
tions, can be defined as special purpose tools. A
special purpose tool is always located to a fixed
location. This is programmed by sefting the cur-
sor in response to the dialogue question
SPECIAL TOOL?

and replying with .

In the ,blockwise transfer”-mode, compensation
values can be called-up from the central tool
store.

PROGRAMMING AND EOITING

SPECIAL ToOL ?
Tl P L+8,8888
Tz PBrz L+2,7559
P L+8,B80B88
L+2.,9134
L+8,82088
L+2,6378

L+8,BGRR
L+B,B0080R

R+8,80800
R+1,2888
R+8, 2880
R+B.508080
R+8,B8888
R+2,58288
R+8.R808
R+B,008Q8




Entry of
tool offsets

Display example

Programming of tool compensation

Tool definition

Operating mode

Dialogue initiation

TOOL
DEF

TOOL NUMBER?

’ D Key-in tool number.
h 4

Enter into memory.

v

v

TOOL LENGTH L?

Key-in difference value
’ D or from zero tool or enter by prassing

actual position data key.

Enter into memaory.

v

TOOL RALMUS R?

} D Key-in tool radius.
h 4
Enter into memory.

15 TOOL DEF 28 L+ 15,780

R 4 20,000

and 20 mm for the radius.

Tool No. 28 has offset vaiues 15.780 for the length

P13




Calling-up
a tool
TOOL CALL

Tool change

Program
structure

P14

Programming of tool compensation

Tool call

With TOOL CALL, a new tool and the corres-
ponding compensation values for length and
radius are called-up.

In addition to the tool number, the control must
also know in which axis the spindle will operate,
in order to apply both-the length compensation
in the correct axis-and the radius compensation
in the correct plane.

After specification of the working spindle axis,
the spindle speed must be entered.

If a spindle speed lies outside of the permissible
range for the machine, the following error mes-
sage is displayed during program run; .

= WRONG RPM =

Tool change takes place in a definite tool
change position. The control thersfore positions
the tool to a position with non-compensated
nominal values for execution of tool change.
For this, the compensation data for the tool cur-
rently in operation must be cancellied.

This is done via a
TOOL CALL 0:

The tool is positioned to the required non-com-
pensated nominal position which is programmed
in the following block.

Traverses to the tool change position can be
executed via M1, M9O2 {Auxiliary functions M) or
via a PLC-positioning command. {Information can
be obtained from the machine tool supplier).

When performing a manual tool change, the pro-
gram must be stopped. A STOP-command is
therefore required before the TOOL CALL-com-
mand. The program remains in a stopped condi-
tion until the external start button is pressed.

If a tool call is only programmed for the purpose
of speed-change, the programmed STOP may be
negiected. )

An automatic tool change does not require a
programmed STOP. Program run is continued
when the tool change procedure is finalised.

TOOL CHANGE

TOOL CALLO
TOOL CHANGE
POSITION

TOOL CALL




Programming of tool compensation
Tool call/Program run stop

Entry of Operating mode
a tool call
d ] o : TooL
comman Dialogue initiation CALL
TOOL NUMBER? }D Key-in tool number.
' h 4

Enter into memory,

v

WORKING SPINDLE AXIS X/Y/Z? ’ Enter working spindle axis, e.g. Z.

v

Key-in spindle speed {refer to
table on next page).

h 4
Enter into memory.

SPINDLE SPEED S RPM? ’

Display éxample Tocl number 5 has been called-up. The working
TOOL CALL § 7 spindie axis is operating in the Z-direction; the
spindle speed is 125 rpm.
S 125,000
Entry of - Operating mode
a programmed
Stop STOP

Dialogue initiation

AUXILIARY FUNCTION M?

I:I Key-in auxiliary function.
h 4
Enter into memory.

Data entry not required.

Auxiliary function required: ’

Auxiliary function not required: ’

Display example
18 STOP ) Program run is stopped at block No. 18.

M No auxiliary function.
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Programmable
spindle speeds
{with coded
output)

Programmable
spindle speeds
{with analogue
output)

P16

Tool call
Spindle speeds

With coded output, the spindie speeds must lie
within the standard range. If hecessary, the con-
trol will roeund-off the value to the next highest
standard value.

Programmed spindie speeds do not have to cor-
respond to the values given in the table. Any
desired spindle speed may be programmed pro-
vided it is not below the minimum speed and
does not exceed the maximum speed.

Moreover, the "spindle override™ poterntiomster
enables the programmed speed to be superim-
posed by a set %-factor.

With TNC 155 as of software version 06 and TNC
151, the max. entry valus with anatogue output

of spindle speeds has been increased to

30000 rpm. :




Workpiece
contour

Construction
of a workpiece
contour

Programming
of
co-ordinates

Absolute/
Incremental
dimensions

Programming of workpiece contours

Contour

Workpiece contours which are programmed with
the TNC 151/TNC 155 consist of the contour
elements straights and arcs.

For construction of a workpiece contour, the
control must receive information regarding the
type and location of individual contour elements.
Since the next machine step is determined in
each program block, it is sufficient

® io enter the co-ordinates of the next target
position and

@ specify with which type of path (straight, arc
or spiral) the next target position is to be
reached.

Co-ordinates can only be programmed when the
path to the target position has already been spe-
cified.

The type of path is programmed with one of the
contouring keys (see next page). These keys
stimultaneously initiate dialogue programming.

If position co-ordinates are to be entered in
incremental dimensions, the -key must

be pressed. The red indicator lamp signals that
the entry has been transferred as an incremental
dimension.

The E-key has an alternating function. By re-

pressing the -key, programming is reverted

to absolute dimensions and the red indicator
lamp is then off. ’

Y|

STRAIGHT

Yl

NOMINAL

ACTUAL

P, ACTUAL POSITION
P, NOMINAL POSITION
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Contouring
keys

Cartesian
co-ordinates
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Programming of workpiece contours
Contouring keys/Cartesian co-ordinates

Linear interpolation L {"Line”):
The tool follows a straight path. The end
position of the straight line is programmed.

Circular interpolation C ("Circle”):
The tool follows the path of a circular arc.
The end position of the circular arc is pro-
grammed.

Circle centre CC ("Circle Centre”) (also
"_| as pole for polar co-ordinate program-
ming):
For programming the circle centrepoint with
circular interpolation and the pole-position
for program entry in polar co-ordinates.

Rounding of corners RND:

“*| The tool inserts an arc which has a tangen-
tial transition into the subsequent contour.
Only the arc radius has to be programmed.

Tangential arc CT:
The tool inserts an arc which tangentially
adjoins the previous contour. Only the end
position of the arc has to be programmed.

A maximum of three axes {with linear inter-
polation) with the corresponding numerical value
can be programmed, If axis IV is to be used for a
rotary table {A. B or C-axis), entry is made in ®
{degrees).




Programming of workpiece contours

Cartesian co-ordinates

Entry of . Dialogue question:
-Cartesian

co-ordinates
COORDINATES? ’

[ 4-14<]

When all co-ordinates are entered: ’

Select axis, e.g. X.

Incremental-Absolute?

Key-in numerical value.

Enter next co-ordinate, e.g.

Y and if required the third
co-ordinate {max. 3 axes).

Enter into memory.
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Programming of workpiece contours
Polar co-ordinates/Pole

Pole CC In the polar co-ordinates systern, the daturn for
the polar co-ordinates is the pole.
Before entry of polar co-ordinates, the pole
must be defined.

There are three ways of defining the pole:

_ ® The pole is re-defined by using Cartesian
| co-ordinates.

A CC-block is programmed with ¢co-ordinates
of the working plane.

@ The last nominal position is utilised as the
pole.
A CC-block is programmed. The co-ordi-
nates last programmed are then used for the
definition of the pole.

| ® The pole has the cd~ordinates which were
1 ‘programmed in the last CC-block.

A CC-block need not be prograrmmed.

P20



Entry of the
pole

Display example 1

Display example 2

Pro'glramming of workpiece contours
Polar co-ordinates/Pole

Operating mode

Dialogue initiation

COORDINATES? ’ Select first axis, e.g. X,

Incrementai-Absolute?
Key-in numerical value.

If only one co-ordinate of the last
nominal value is to change, the other
does not have tc be entered.

Select second axis, e.g. Y.

Incremental-Absolute?

Key-in numerical value.

DOCEEOCE | @

Enter into memory.

The pole has the absolute X-co-ordinate 10
27 CC X+ 10,000 IV + 45,000 and the incremental Y-co-ordinate 45.

The pole in block 93 has the co-ordinates -

92 L X+ 20,500 Y + 33,000 X 20.500 and Y 33.000.

R F M

93 CC

P21



Polar
co-ordinates

Incremental
entry
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Programming of workpiece contours
Polar co-ordinates

if required, polar co-ordinates can be used for
programming positions {polar co-ordinate radius
PR, polar co-ordinate angle PA).

Polar co-ordinates are always related to & P (PR : PA)
pole CC.

With incremental entry, the polar co-crdinate
radius is increased by the programmed value.

An incremental polar co-ordinate angle is refe-
renced to the angle last entered.

Example: Point P1 has the polar co-ordinates
PR1 {absolute) and PA1 {absolute). Point PZ has
the polar co-cordinates PR2 (incremental) and
PAZ {incremental). When programming point
PR2, only the change in radius and change in
angle for PAZ are entered as numerical valuss.
Point P2 has the absofute values PR = (PR1 +
PR2) and PA = {PA1 + PAZ).




Programming of workpiece contours
Polar co-ordinates

Entry of Dialogue question:
polar
co-ordinates

POLAR COORDINATES-RADIUS PR? Incremental-Absoluta?

v
O

Key-in polar co-ordinates radius PR to
target point.

Enter into memaory.

v

POLAR COORDINATES-ANGLE PA?

Incremental-Absolute?

b 4
LI

Key-in polar co-ordinates angle PA
related to reference axis.

Enter into memaory.
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Tool radius
compensation

Path
compensation

Programming
the radius
offset

RO

RR

RL
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Programming of workpiece contours
Radius compensation — Path compensation

For automatic compensation of tool iength and
radius - as entered in the TOOL DEF black - the
control must know whether the tool is located to
the right of the contour, left of the contour or is
directly on the contour in the feed direction.

if the tool is moving with path compensation, i.e.
the centrepoint of the tool is moving with the
programmed radius being considered. the tool
follows a path which is parallel to the workpiece
contour and which is offset by the tool radius.

Teol radius offset is programmed by pressing

the keys and . The red indicator lamp

shows which type of tool radius compensation is
being applied.

If the tool is-toc move along the contour without
consideration of a radius offset, the positioning
block must he programmed without tool radius
compensation.

If the tool is to move on the right-hand side of
the programmed contour with radius offset,

press _

The red indicator lamp signals that the -
function is effective.

If the tool is to move on the left-hand side of
the programmed eontour with radius offset,

press .

The red indicator lamp signals that the —
function is effective. -

Programmed contour

siitiriine




Programming of workpiece contours

Radius compensation

Dialogue question

select radius compensation.

P N
”.m
=
8
o
=
-4
c
E
o
s
8
7]
2
m
Q
e

Enter intc memory.

g4
I3

5

i
e

feop

S

3,

5
Sgrd,

2
33

Dialogue question

Entry of
RL or RR

Enter "no compensation” into memory.

45

?

TOOL RADIUS COMP. RL/RR/NO COMP.

Entry of RO
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compensation
on internal
corners

Path
compensation
on external
corners

Correction
of path
intersection
with M97
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Programming of workpiece contours

Path compensation

On internal corners, the control automatically
calculates the intersection 8 of the milling tool
path which is parallel to the workpiece contour.
This prevents workpiece damage through back
cutting.

When radius compensation has been pro-
grammed, the control applies a transitional arc
which enables the tool to “roll” around the cor-

ner.

In maost cases, the tool is guided around the cor-
ner at a constant feed rate. If, however, the pro-
grammed feed rate is too high for the transitional
arc, the feed rate is automatically reduced to a
lower value (ensuring contour precision}. The
limit value is permanently programmed within the
control.

Automatic feed rate reduction can be cancelled
by programming the auxiliary function M30 (see
"Feed rate"} if required.

If the tool radius is larger than a step within
the contour, the transitional arc can cause
workpiece damage on an external corner.

This is then indicated by the error message

= TOOL RADIUS TOO LARGE = and the corre-
sponding positioning block is not executed.

The auxiliary function M97 prevents the insertion
of a transitional arc. The control then calculates
a further path intersection S and guidas the
tool via this point, thereby preventing damage 1o
the contour.

Transitional arc

Error message:
TOOL RADIUS TOO LARGE

ithout
programmed vl\\fr||;7ou
contour
with
MS7




Special case
with M97

Remedy

Exampie

Constant
feed rate on
external
‘corners M30

Programming of workpiece contours

Path compensation

In special cases, e.g. intersection of a circle and
straight line, the cantral is unable to make an
intersection with path compensation using M97.

When executing the program, the error
= TOOL RADIUS TOO LARGE =

is displayed.

Insertion of an auxiliary positioning block which
extends the end point of the arc by a length
"zero”, The control then performs a linear interpo-
lation which determines the intersecting point S.

16 CC Circle centrepoint
17 € Arc end position

18 L IX 0,000 1Y 0,000
R F M97

19 b straight

A straight contour element with the length zero
has been programmed in block 18
or:

18 L EX 0,001
R F M97

A straight contour has been programmed with a
length of 0.001 mm.

The feed rate reduction on external corners can
be cancelled with the auxiliary function M30.
This can however lead ¢ a slight contour blem-
ish. Also, excessive acceleration values can
occur, i.e. the maximum acceleration defined in
the machine parameters can be exceeded.

This auxiliary function depends on the machine
parameters which are stored in the memory
{operation with trailing error}. The machine tool
builder will indicate if this type of operation is
possible with your control.

YA

L X 0,000 1Y 0000

78

L IX 0,01

without
MS0
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Prog'ramming of workpiece contours
Path compensation |

Termination The auxiliary function M98 ensures that a con-
of path tour element is completely executed. If a further
compensation contour has been programmed, as shown in the
M98 adjacent example, the first contour position is

approached with tool radius compensation, as a
result of M98, and is completely executed (see
also "Departure command”).

without M98 with M98

Line-by-line A further example for application of M98 is line-
mikling with by-line milling with downfeed in Z.
mMos8
Example LZ -10 R F9992 M
LX X20  Y-10 RR F20 M
L Y110 RF Mag
LZ -20 R F9998 M
L Y-110 RL F20 M
L Y-10 RF M98
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Feed rate

Auxiliary
functions

P30

. Max. entry values ({rapid) for the feed rate are

Eggnl ratn E/
1alws 1/

>Z
QD
<
—h
-
=5
O

ntours
AN
1

The feed rate, i.e. tool path speed is pro-
grammed in mm/min. or 0.1 inch/min.

With rotary tables {A, B or C-axis) the entry value
is in ®/min.

The feed rate override on the control operating
panel can vary the feed rate from 0 to 150 %.

® 15999 mm/min. or
® 6293/10 inch/min.

The max feed rate of the individual machine

R g T,

by the machine tool builder.

For control of special machine functions (e.g.
spindle "on”) and tool path behaviour, auxiliary
(miscellangous) functions can be programmed.
Auxiliary functions have the address letter M
and a code number.

When programming, it must be noted that cer-
tain M-functions are effective at the beginning of
a block (e.g. MQO3 spindle "on”, clockwise) and
others at the block-end (e.g. MOB: Spindie
"stop”).

A list of all M-functions is given on the following
pages.




Progr-émming' of workpiece contours
Entry of feed rate
Entry of auxiliary functions

Entry of Dialogue question:
feed rate
FEED RATE ? F = P | Keyincode number
' h 4
Enter into memory.

Entry of an Dialogue question:

auxiliary

function

AUXILIARY FUNCTION M ? ’

Ed_]

Enter into memory.

Key-in code number.
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Auxiliary functions M
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Single axis
movements

2D-Linear
interpolation

3D-Linear
interpolation

P34

Programming of workpiece contours

Straight paths

If the tool moves relative to the workpisce in a
straight path which is parallel to a machine
axis, this is referred to as single axis positioning
or machining.

If the tool moves in a straight path in cne of the
main planes (XY, YZ, ZX)}. this is referred to as
2D-linear interpolation.

If the tool moves relative to the workpiece in a
straight path with simultaneous traversing of all
three machine axes, this is referred to as
3D-linear interpolation.

z

P
V

SINGLE AXIS

N,

P
X

‘A

2D-LINEAR INTERPOLATION

7

3D-LINEAR INTERPOLATION




Straight
line L

Linear
interpolation
with a linear
axis and angle
axis

Programming of workpiece contours

Straight paths

The tool is to move in a straight line from the
starting position P1 to the target position P2,

The target position P2 {nominal position) is pro-
grammed.

The nominal position P2 can be specified either
in Cartesian or in pclar co-ordinates,

When performing linear interpolation with a
iinear and an angle axis, the following should be
noted;

Software version 01, 02 (TNC 1658

The programimed feed rate applies to the speed
of the angle axis. With rotary axis movermnents
through small angles, the linear axis must adapt
its feed rate to the rotary axis, This leads o rela-
tively high feed rates of the linear axis and -
since the feed rate of the linear axis is displayed
- a correspondingly high feed rate display on the
VDU-screen.

As of software version ... ... 03

(TNC 151/TNC 165)

The programmad feed rate F is interpreted as a
contouring feed rate, i.e. broken down into

linear and angle components as follows:

F(L)=Fx AL
VAL + (AW
FIW) =F x AW

Sl + (aw)?

Designation:

F = programmed feed rate

F (L) = linzar component of feed rate

F (W) = angle component

Al = Traversing distance of linear axis

AW = Traversing distance of angle axis

Yi

Y ?

P35
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Entry in Operating mode
Cartesian
. co-ordinates Dialogue initiation
COORDINATES? Select axis, e.g. X.

Incremental-Absolute?

Key-in numerical vaiue.

Key-in next co-ordinate, e.g. Y and
if reqd. a third co-ordinate (max. 3
axes).

When keying-in of all co-ordinates of
the target position is finalised.

v

TOOL RADIUS COMP. RL/RR/NO COMP.? ’ Rt If reqd., keY—in radius compensation.

Enter into memaory.

> x|
h 4
h 4
)
Yo

Enter into memary.

v

FEED RATE? F =

if reqd., key-in feed rate.

v
Gd | B4 € <=

Enter into memory.

v

AUXILIARY FUNCTION M?

If reqd., key-in auxiliary function.

v

Enter into memory.

,.waw asewewmm’“w«wmw

eﬂ,ﬁﬁibi

hameds £34
bt

saempe

Display example . ‘The tool maves to position X 20.0-mm {(absolute}
and Y 49.8 mm {incremental) with a radius offset
28 1 X +20,000 1Y+ 49,800 ' 1o the left of the contour and with a feed rate of
RL FI00 M12 100 mm/min.
The coolant is switched on at the beginning and

the spindle rotation is clockwise.
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Entry in
polar
co-ordinates

Display example

Programming of workpiece contours
Linear interpolation/Polar co-ordinates

Operating mode

Dialogue initiation (if regd. E )

v

POLAR COORDINATES RADIUS PR?

Incremental — Absclute?

Key-in polar co-ordinates radius PR for
end position of straight line.

Enter into memory.

v

POLAR COORDINATES ANGLE PA?

v

Incremental - Absolute?

Key-in polar co-ordinates angle PA for
end position of straight line.

Enter into memory.

v

TOOL RATIUS COMP. TL/RR/NO COMP.? )

if regd., key-in radius compensation.

Enter into memory.

v

v

FEED RATE ? F =

IT reqd., key-in feed rate.

Enter into memory.

v

AUXILIARY FUNCTION M ?

)| |BC)| |3 | | | | maee
- o |

If regd., key-in auxiliary function.

Enter into memory.

R F M

The tool moves to a position which is 36 mm

39 LP PR + 35'000 PA + 45,000 away from the last defined Pole CC, the pOlar cO-
’ ordinates angle is' 45° {absolute). Radius compen-
sation and feed rate are determined by the values
last programmed. Thers is no auxiliary function.

P3¢



Circular
interpolation

Circle
centre CC

Circular
path C

Direction of
rofation

)

7/

P40

The movemenis of two axes are simultaneously
controfled such, that the relative movement of
the tool to the workpiece describes a circle or an
arc.

® via the circle centrepoint and end position

with the keys and

® by inseriing an arc with a tangential
transition at both ends, via the radius only,

with the ‘key.

@ by adjoining the arc to the previous contour
tangentially and the arc end position with

the —key

The circle centre must be defined betore com-
mencement ¢f circular interpolation-program-

ming with [ ]
Two types of programming are possible:

@® The circle centre CC is defined with Cartesian
co-ordinates.

@ The circle centre is already defined by the
co-ordinates of the last CC-block.

Entry dialogue for the circle centre is initiated
with the [ £ key (see "Pole”).
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The tool is to move on a circular path from the
actual position P1 to the target position P2.
Only position P2 is programmed

Position P2 may be specified in Cartesian or

polar co-ordinates,

For circular path movement, the control must
know the direction of rotation. The rotation
direction is either positive DR+ (counter-clock-

wige) or negative DR- (clockwise).
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Programming of workpiece contours
A int N

A o
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Entry

Programming of workpiece contours
Direction of rotation

Dialogue question:

ROTATION CLOCKWISE: DR - ?

If rotation should be clockwise:

v
Al RS

Key-in (-) rotating direction,
Enter into memary.

If rotation should be counter-clockwise: Key-in (+) rotating direction

v
G IS

Enter into memory.

{press sign change key twice).

P41




Circular path
programming in
Cartesian
co-ordinates

P42

Programming of workpiece contours
Circular interpolation/Cartesian co-ordinates

When programming in Cartesian co-ordinates

care must be taken that the starting position and
target position (new nominal position) both lie on Y ‘
the same circular path, i. e. both positions must

have the same distance to the circle centre CC. /’\

If this is not tha case, the following error is dis-

/ ",
played: /

= CIRCLE END POS. INCORRECT =
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Entry in
Cartesian
co-ordinates

Display example

Programming of workpiece contours
Circular interpolation/Cartesian co-ordinates

i
21l

5
St
Lieas

5

Eor

i
4

:
138E

Operating mode

Dialogue initiation

- @]

COORDINATES?

When all co-ordinates of the arc
end position are keyed-in:

v
R S

v

Select axis, e.g. X.
Incremental — Absolute ?

Key-in numerical value.

Key-in next co-ordinate, e.g. Y.

Enter into memory.

v

ROTATION CLOCKWISE: DR - ?

v
ey [

Key-in rotating direction.

Enter into memory.

v

TOOL RADIUS COMP. RL/RR/NO COMP. ?

’ If reqd.. key-in radius compensation.
v .
Enter into memory.

v

FEED RATE ? F=

If reqd.. key-in feed rate.

v
]

Enter into memory.

v

AUXILIARY FUNCTION M ?

hd
e

If reqd.. key-in auxifiary function.

Enter intc memory.

87 C X+ 30,000 Y + 48,000

DR+RRF M

The tool moves to the target position X 30.000
and Y 48.000 in a circuiar path in the positive
rotating direction {counter-clockwise), with a tocl
radius offset fo the right of the contour.

The feed rate corresponds to the value last pro-

grammed. There is no auxiliary function.
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Circular path
programming
in polar
co-ordinates

P44

Programming of workpiece contours
Circular interpolation/Polar co-ordinates

[f the target position on the circular path is pro-
grammed in polar co-ordinates, it is sufficient if
the target position is defined through specifica-
tion of the polar co-ordinates angle PA {absolute
or incremental).

The radius is already defined through the posi-
tion of the tool and the programmed circle
centre CC.

If the tool is located at the pole ar circle centre
before starting circular interpolation, the following
error is displayed:

= ANGLE REFERENCE MISSING =

Y|

>
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Entry in
polar
co-ordinates

Display example

Programming of workpiece contours
Circular interpolation/Polar co-ordinates

G huepmeed SRR Ladapen it SUTE
cy e polar:
e

}
:
:

s
) w*wg

Plavin

5o {rictm iyt

&
e

G

Operating mode
Dialogue initiation {if reqdi. IE] )
POLAR COORDINATES ANGLE PA? ’ Incremental — Absolute

PA for circie target position.

Enter into memory.

i Key-in polar co-ordinates angle
h 4

v

COORDINATES? | 25

The question COORDINATES requires an
entry with "Helical interpolation” for explan-
ation, see "Helical interpolation”

v

ROTATION CLOCKWISE: DR - ? ’ @ Key-in rotating direction.
v

Enter into memary.

v

TOOL RADIUS COMP. RL/RR/NO COMP. ? } If reqd., key-in radius compensation.

h 4
Enter into memory.

v

FEED RATE ? F= If reqd., key-in fead rate.

v
jol

Enter intc memory.

v

AUXILIARY FUNCTION M ? If reqd., key-in auxiliary function.

v
e

Enter info memory.

17 CP PA + 60,000

DR-RL F M

The tool moves in a circular path in the negative
direction (clockwise), with a tool radius offset to
the left of the programmed centour. The polar co-
ordinates angle PA to the reference axis is 60°.

The feed rate corresponds to the value last pro-

grammed. There is no auxiliary function.
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Arc with
tangential
connection

Provisions

Geometry

Entry

P46

Programming of workpiece contours

Programming of a circuiar path is simpiified if the
arc tangentially adjoins the contour. Only the arc
end position is entered for defining the arc.

The contour section, to which the circular path is
to be adjoined, must be entered immediately
before programming the adjoining arc. Iif the con-

tour section is missing, the following error is dis-
playad:

YT

= CIRCLE END POS. INCORRECT =

Two co-ordinates must be programmed in the
positioning block prior to the adjoining arc and
within the block far the arc, ctherwise the follow-
ing error will be displayed:

= ANGLE REFERENCE MISSING =

With a tangential connection to the contour and
an end position of the circular path, an arc is
defined exactly.

This arc has a definite radius, a definite direction
of rotation and a definite centrepoint. it is there-
fore unnecessary to program these items.

Only Cartesian co-ordinates may be pro-
grammed for the arc end position.

Dialogue is initiated by pressing .

Y

=Y

CIRCLE CENTRE

S

~ .
\\END POSITION




Entry

Display example

Programming of workpiece contours
Adjoining arcs

Operating mode @
Dialogue initiation Ey
COORDINATES? 2 Select axis, 6.9. X.
. v |
Incrermental-Absolute? -
v
D Key-in numerical value.
Key-in next co-ordinate, e.qg. Y.
h 4
‘I} Incremental-Absolute?
v
D Key-in numerical value.
h 4
Enter into memory.
v

Ed

Enter into memary.

©)

TOOL RADIUS COMP. RL/RR/NO COMP. ? IR [E If reqd. key-in radius compensation,

v

FEED RATE ? F= If reqd., key-in feed rate.

\ 4
@

Enter into memaory.

v

AUXILIARY FUNCTION M ? }

Enter into memory.

XM

If reqd., key-in auxiliary function.

,.%
i

14
55

An arc has been tangentially adjoined.

’ i

R F M
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Rounding
of corners
RND

Programming
hint

Programming

P48

Contour corners can be reunded-off by applying
corner radii. The corner radius has & tangential
transition into both the previous and subsequent
contour section.

rtion of a roundina-off radius is nossible on

T U O Ty plastiic onl

(=3
all contour corners, i.e. corners can be formed
by the following contour elements:

® Straight — Straight
@ Straight - Arc of Arc-Straight

® Arc - Arc

Application of a rounding-off radius can only be
performed in 2 main plane, XY, YZ or ZX.

This means that the positioning blacks immedia-

taly hatnre and aftar the "ronndino-s " kissk
Gy OCTOIC ana aner e rounGmg-Git GIOCK

must contain both co-ordinates of the working
plane. If the working plane is not exactly defined
(e.g. positioning blocks with X.. Y.. 2.}, the
following error is displayed:

= PLANE WRONGLY DEFINED =

Programming of the rounding-oif radius imme-
diately follows the point P1 in which the corner
located.
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Programming of workpiece contours
m C )

15 Straight line to P1 (X, Y}
16 RND R 15,000

17 Straight line to P2 (X, Y)




Key-in corner radius.’
Enter into memory.

»

5.000 mm has been

inserted between the contour elements forming a

carner.

A rounding-off radius R

P49

Programming of workpiece contours

Rounding of corners

,.zg&%é:
33 i g
sy
mmmagx Thavsatl

G

£
e ead

.,
2 2
B i,
Hrsten e

ROUNDING-OFF RADIUS R?
78 RND R 5,000

Operating mode
Dialogue initiation

Display example

Entry



Chamfers

Program

P50

Programming of workpiece contours

Chamfers

With TNC 151/TNC 165, chamfers with the side

length L can be applied to workpieces. The —
key is used for programming. :

The angle between points P4P1 and P1PZ is opti-
onal.

Application of a chamfer may only be performed
in one of the main planes (XY, YZ, ZX). This
means that the blocks before and after the
"chamfer-block” must contain both co-ordinates
of the working piane.

If the working plane has not been exactly defined
{e.g. a positioning block with X... Y ... Z.. ), the
following error is displayed:

= PLANE WRONGLY DEFINED =

26 Straight line to P1 (X, Y}

27 L 10,000

28 Straight line to P2 (X, Y)




Entry

Display example

Programming of workpiece contours

Chamfers

Operating mode

Dialogue initiation

N [

COORDINATES ?

Key-in chamfer side length L.

o) [l

Enter into memory.

88 L 7,500

A chamfer with the side length L = 7.5 mm has
been applied between the contour elements form-
ing & comer.

P51



Helix

Entry data

Radius
compensation

P52

With circular interpolation, two axes are simuita-
neously traversed such, that a circle is described
in one of the main planes (XY, YZ, 7X).

If the circular interpolation is superimposed with
2 linear movement in the third axis {= 1oo! axis},

the tool will follow a helical path.

Helical interpolation can be used for manufacture
of large-diameter, internal and external threads as
well as lubrication grooves.
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A helix can only be programmed in polar co-ordi-
nates. As with circular interpolation, the circle
centre CC must already be defined before-
hand.

The iotai rotationai angie of the tool (= number
of thread turns Z) is entered as the polar co-
ordinates angle PA in degrees:

PA = Number of turng x 360°

For angles greater than 360° PA must be speci-
fied incrementaily. The total height/depth is
entered in response to the dialogue requast for
co-ordinates.

This value depends on the reguired pitch.
H=PxA H = Total height/depth

P = Piich

A = Number of thread turns
The total height/depth can also be programmed
as an absolute or incremental value.

I

The tool radius compensation depands on
the direction of rotation,
the type of thread (internal/external)
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Entry

Display example

Programming of workpiece contours
Hehcal mterpola‘uon

T ———
BEROBOBORT G ‘M@*@*&*&‘&‘&i&‘&‘w‘ﬁ‘ﬁvw?wt?
%ws&-wrwrwwﬁmﬁgnmﬁz BEEEBRLGFRERBLBHE
‘&m i Cai»%?% 52 B me*ﬁ*&ta@%&b&
e e

g
1
3.

Operating mode
Dialogue initiation {if reqd. [E )
POLAR COORDINATES ANGLEPA? P[] Incremental - Absolute ?
D Key-in total rotational angle.

v

COORDINATES ? ’ Select feed axis.
Incremental - Absolute ?

Key-in height or depth.

Od_ -4

Enter into memory.

v

ROTATION CLOCKWISE: DR - ?

v
O] B

Key-in rotating direction.

Enter. into memory.

v

TOOL RADIUS COMP. RL/RR/NO COMP. 2 p|Rt] RE] Key-in radius compensation.

Enter into memory.

v

FEED RATE ? F= } If reqd.. key-in feed rate.

@

Enter into memory.

v

AUXILIARY FUNCTION M ? } If reqd., key-in auxiliary function.

a)

Enter into memory.

The tool follows a helical path in a counter-clock-
230 CP IPA + 720.000 IZ + 6.000 wise direction and completes two full turng. The
: ’ total height is 6 mm. therefore resulting in a pitch
of 3 mm. Tool radius offset is to the left of the

DR+ RL F 100 M contour, which means that an internal thread is

being machined.

P53



Contour approach and departure
on an arc

Approach and Contour approach and departure on an arc has

departure on arc  the advantage of the contour being approached
10 and departed from on a tangential "smooth”
path. Programming for smooth tangential
approach and departure is performed with RND!

Approach The tool moves to the starting position PS and
(run-on) then towards the contour which is to be
machined.

The positioning block to PS must not contain
e path compensation (i.e. R0}.

The positioning biack 1o the first contour position
P1 contains path compensation (RR or RL).

The control recognizes that a tangential run-on
procedure is reguired, since an RND-block fol-
lows the positioning biock for contour position P.

Departure The tool has reached the last contour position P
(run-off) and then proceeds to the finishing position PE.

The positioning block to P contains path com-
pensation (RR or RL).

The position block to PE must not contain path
compensation (i.e. ROJ.

The control recognizes that a tangential run-off
procedure is required, since an RND-block fol-
lows the positioning block for the contour posi-
ticn P.
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Programming
for approach
(run-on)

Programming
for departure
{run-off)

Contour approach and departure

on an arc

20 L X+ 100,000 Y + 50,000
RO F15998 M

21 L X+ 66,000 Y + 40,000
RR F 50 M13

22 RND R 10,000

23 L X+ 65,000 Y+ 100,000

R F M

30 L X+ 50,000 Y+ 65,000
RR FBO M

31 RND R 15,000

32 L X+ 100,000 Y + 85,000

RO F 15999 MOOo

st heninrEYs
EEER L LT i
] M@L‘-“‘W

H
5
i

For tangential approach: The starting point PS
must be located within the quadrant 1. [l ar 11,
The -quadranis are formed by the starting direc-
tion in P1" and the its perpendicular (tangential
direction with arcs) also passing through PT"

If the starting direction is located within gquadrant
IV, a clockwise arc will be formed thus dama-
ging the workpiece.

P1 First contour position

PT First cormpensated contour position
PS = Starting position (with radius RO)
RND1 = Rounding-off arc for quadrants I, i
RND2 = Rounding-off arc for quadrants Ill, IV

il

Positioning block to starting position PS with RO.

Positioning block to first contour position P1 with
path compensation RR.
Specification of tangential run-on radius.

Positioning block to next contour pesiticn P2.

Positioning block to last contour position P with
paih compensation RR.

Specification of tangential run-off radius.
Positioning block to finishing position PE with RO.

Caution, when entering F15999.
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ht path

Ig
Introduction

Contour approach and depakture in a

stra

Path angle a

The tool is to move to the position PS and then

ontour

C

on to the contour. After the machining proce-

run-
dure

approach and

-off the contour and pro-

the tool is to run

’

n

departure

ceed to the position PE,

a straight path

off behavicur depends on the
path angle a. This angle is related 1o the angle

which is formed between

Run-on and run

Path angle a

straight and the first

® the approach

contour element and
® the departure-straight and the last

contour element,

There are normally three cases which can be

considered:

=180°

® Path angie a

a Less than

® Path angle a less than 180°

@ Path angle a greater than 180°
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Path angle
a =180°

Approach
{Run-on}

Departure
{Run-off)

Contour app"roach and departure in a

straight path

Path angle a equal to 180°

If the path angle a is equal to 180°, the starting
and finishing position is located on the extension
of the last position of & straight contour or the
tangent of the first/last contour position with cir-
cular shaped contours. ’

The starting and finishing position must be pro-
gramred with radius compensation
{RL or RR).

The tool moves in a straight path to the compen-
sated position PSk of contour position PS and
then proceeds to the position Pk on a compen-
sated path.

The tool moves from the compensated position
Pbk of contour point P5 in a compensated path
to position PEk.

Interpreted by the
control as a
contour element.
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Contour approach and departure in a
straight path
Path angle a greater than 180°

Path angle With a greater than 180°, the starting and finish-
a greater ing position must be programmed with radius
than 180° compensation (RL or RR).

The first and last contour position is assumed as
being an external corner. The control implements
path compensation for an external corner and
inserts a transitional arc.

Approach The control considers the starting position PS as
{Run-on} being the first contour position.

The tool moves to position PSk and then on a
compensated path to position P1k.

Departure The control considers the finishing position PE as
{Run-off} being the last contour positicn.

The tool moves to the finishing position PEk on a
compensated path.
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Path angle
a less
than 180°

Approach

{(Run-on)

Departure
(Run-off)

Contour'approach and departure in a
straight path |
Path angle a less than 180°

With a less than 180°, the starting and finishing
position must be programmed without com- .
pensation, i.e. with RO,

PS and PE are positioned without path compen-
sation.

The tool moves from PA in a straight path to the
position P1k of contour position P1.

The tool moves from the compensated position
Pbk of contour position P1in a straight path to
the uncompensated position PE.
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Contour approach and departure in a straight

nath
IJG Ll

Approach command M96
Departure command M98

Approach If position PS has been programmed without tool
command M96 compensation and the path angle a for contour
approach ig greater than 180° contour damage

will occur.

With the auxiliary function M36, the starting
position PS is interpreted as a compensated
position PSk.

The tool is positioned to Ptk on a compensated
path.

With path angles a greater than 1805, the auxi-
liary function M96 must be programmed. M96 is
programmed in the block for P1.
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Departure If the finishing position is programmed with com-
command M98 pensation and with a departure angle a less
than 180° contour machining will be incomplete.

| [P PSR . O [ o] & JE-"aeripiuuy gt Py gy PR SRR o I Y Sy
Oy pPraygraitintiingyg wigo il ine DIvcK 101 r, Uie
—_— tool is positioned directly to position Pk and then

to the compensated position PEk. The direction
PE-PEk corresponds 1o the radius offset last exe-
cuted; in this example P-Pk.

(LR R L &

J

Termination of If further contour positions have been pro-
path compen- grammed subsequent to PE, the direction for the
sation M98 radius offset depends on the direction of the next

contour section.

An M98 within the block for the last contour
position ensures that the contour element is
completely executed and that the first position of
the subsequent contour is approached to with
radius compensation as per the adjacent
example.
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Problem with
approach angle o
less than 180°

Approach
command M95

Contour approach and departure in a straight

path
Tool in start position

Approach command M95

At the beginning of the program, the tool hap-
pens to be located at the actual position PS
or the positiocn PS has been approached with
compensation {(PS = PSk}.and position Plk can-
not be approached due to the path compensa-
tion,

With auxiliary function M95, path compensation
for the first positioning block is cancelled. The
tool travels from position PS to the compensated
contour P1k without path compensation.

The auxiliary function M95 is programmed when
the approach angle a is less than 180° It is pro-
grammed into the block for position P1.
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Label

Setting a label
LBL SET

Label number

Calling-up a label
LBL CALL

Label number

Repetition REP

P62
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When programming, labels with a certain num-

ber can be set to mark a program section as e.g.

a subprogram (sub-routine).

Jumps can be made to such label numbers dur-
ing program run (e.g. for execution of the appro-
priate subprogramy.

A label is set by pressing the —key.

Label numbers from O to 254 may be allocated.
Label number O always signifies the end of a
subprogram (see "Subprogram”) and is there-
fore considered as a return jump marker!

ntaran \Mhinh
o

llocated somewhere else within the pro-
gram, the following error is displayed:

= NUMBER ALREADY ALLOCATED =,

Dialogue is initiated by pressmg
With LBL CALL

® Subprograms can be retrieved.

® Program part repeats can be set.

Label number 1 - 254 may be called-up.

If the number O is entered, the followmg error is
displayed:

lar\-r

] fa
= JUMP TO

A

el e} ~
LADEL U

With program part repeats the question
"REPEAT REP” is responded to by entering the
required number of repetitions

AAAAAAAAA [P

The qUﬁbllUli l"il:l" Ib lt?prllU(ﬂ

for subprogram calis.

Oy pressing

ubprograms and program part repeats

Ihalel

UHIAIII [Hial Nl \I_ VGIlo)

LBL
SET

LBL
CALL

>

o 0 O

o 0 00 0 0 0O 0 0 0 0

|

= CALL LBL27

o O O

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




Setting a label

Display example

Subprograms and program part repeats

Labels

Operating mode

Dialogue initiation

LABEL NUMBER?

Key-in label number.

.

Enter into memory.

118 LBL 27

Label nu.mber 27 has been allocated to block 118.

Label call

Display
example 1

Display
example 2

Operating mode

Dialogue initiation

i o

(%]
p=3
zZ
=

LABEL NUMBER?

hd
O

Key-in label number to be called-up.

Enter into memory.

v

REPEAT REP?

If a subprogram call is to be entered:

if a program part repeat is to be entered:

>

Key-in the number of repetitions.

Enter into memory.

©) Il

- Entry not required.

m
=

=

=

218 CALL LBL 27 REP

The subprogram having label number 27 is called-
up {continuation of machining with block number
118 above).

29 CALL LBL 5 REP 2/2

A prograrm part is repeated two times. The num-
ber after the dash is a countdown indicating the
number of repetitions which are still to be execut-
ed. This number is reduced by 1 after completion
of each program part.
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Program part
repeat

Program run

Infinite loop

P64

SubprOgrams and program part repeats

Program part repeat

A program section which has been executed can
be repeated if required. This is referred 10 as a
program loop or program part repeat.

The beginning of the program part which is to be
repeated is marked with a label number.

The end of the program part is formed by a LBL
CALL in conjunction with the number of
repeats REP.

The control executes the main program (includ-
ing the appropriate program part) until cali-up of
the label number.

A jump is then made to the program label and
the program part is repeated.

The display countdown reduces the number of
repetitions by 1:REP 2/1.

After a new jump, the program part is repeated
again.

When all programmed repetitions have baen axe-
cuted, (display: REP 2/0), the main program is
continued.

iy
MMMMM Bl a

itk o D SRR

If no entry is made (by pressing ) in
respanse to the question ¢concerning the number
of repeats REP, an endless loop will take place:
the call-up of the label number is repeated
constantly. ’

During program run and a test run, an infinite
loop is indicated after 8 repetitions by the error
message;

= EXCESSIVE SUBPROGRAMMING =.

g ¢ ¢ 00 0 0 0 C 0 0 0 00

CALL LBLS REP2/2

PART

o0 000 o C 00000 00

PROGRAM

OOOOOOOO

[@

QC O 00

o CALL LBY 8 REP

[¢)

o=

m

Q0 Q0000000 O0OO0




Subprogram

Program run

Subprograms and program part repeats

Subprogram

If a program part is required at another location
within the machining program, this program sec-
tion is referred to as a sub-routine or subpro-
gram.

The beginning of the subprogram is labelled
with a label number. The end of subprogram
is always labelled with the label number O.

command. LBL CALL can be made at any loca-
ticn within the program.

After execution of the subprogram, a return jump
is made to the main program.

The controt works through the main program
until the subprogram call-up (CALL LBL 27 REP).

A jump is then made to the label called.

The subprogram is executed until label number O
{subprogram end).

Finally, a return jump is made into the main pro-
gram. '

The main program is continued from the block
immediately after the subprogram call.
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A subprogram can only be exacuted once via a
call-up command! When retriaving a subprogram
via LBL CALL, the dialogue question REPEAT

REP? must be responded to by pressing m.

[Errszey » ?gs%{;is%“ y:'wmxwgg&-‘
i G0 REP i
gl Fefrs 15 i i

gsu i i
;gg’ .

B
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4
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3
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.00 00 0 0000000 0o

O 0 0O C 00 00O 00 0 00

SUB-
PROGRAM

]

CALL LBL 23REP ©

== 0

°= 8l =°
O =] Q
O o]
O [o]
(o] o}
oE LBLO =
O o
==
(6]

o]

o
e
o

0O 0 O 0 0
C 0 0 00 O0C0C

O O
O CALL LBL 23 REPYP
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Nesting

Program run
with repetition

. Program run
i with
| subprograms

P66

Subprograms and program part repeats

Nesting

A further subprogram or program part repeat can
be called-up within an existing subprogram or
program part repeat. This procedure is referred
to as nesting. (lllustrative example: set of boxes
or tables etc. fitting one inside another).

Program parts and subprograms can be nest-
ed up to 8 times, i. e. the nesting level totals 8.

If the nesting level has been exceeded, the fol-
lowing error is displayed:

= EXCESSIVE SUBPROGRAMMING =.

The main program is executed until a jump is
made to LBL 17.

The program part is repeated twice.

Afterwards, the control continues program exe-
cution unlil a jump to LBL 15. The program part
is repeated once until CALL LBL 17 REP 2/2 and
the nested program part twice in addition. The
program part last programmed is then continued
to CALL LBL 17

The main program is executed until the jump
command CALL LBL 17.

Afterwards, the subprogram is executed from
LBL 17 to the next call-up CALL LBL 53 etc. The
last subprogram within the series of nests is exe-
cuted without interruption.

Before the end of the last subprogram (LBL '0), a
return jump is made to each previous subpro-
gram urdil the main program is reached again.

‘000000 O0 O

filit
(]

U
O 0 0 O

LBL 45

i}

LBL 17

CALL LBL 13REP22C
————— N

CALL LBL 15 REP44 ©
O

OOOOOOOOOOOOO

L LBL‘IS REH

e

’@_r@_r

CALLLBL T3 REP

»y 0 00 O0O0OD0O0

YOO Q0000

Ym gLy &®

G [+]

< [e]
o o °=igLsy =0
o o [=] o
o CALL LBL S3REP o o
o [+

[+] o
o o e =0
L o= BLO =,
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A subprogram
with a
subprogram

Repetition
of subprograms

Subprograms and program part repeats

Nesting

A subprogram cannot be programmed into an
existing subprogram. As per the adjacent
example, each of the subprograms is only exe-
cuted to the label number 0.

in this case, the subprogram 20 shoutd be pro-
grammed at the end of the main program,
however separated from the main program by a
STOP MO2.

Subprogram 20 is called-up via CALL LBL 20
within subprogram 19,

With the aid of nesting, it is possible to repeat
subprograms.

The subprogram is called-up within a program
part repeat. This subprogram call is the only
block of the program part repeat.

During program run, care should be taken that
the subprogram is executed one time more than
the number of repetitions programmed. -

o o
0 Kol
oCALL LBLAFREP o
% o

CALL LBL 20 REP

O 00 00000
000000000

>

™
-r LBL 19
O§o

c o]
Q [=]
o] o]
o LBl 20 . -y
o o
o] Q
o_LBLO o
-y —
o LBLO o

O
[e]

o000 0 C 000000

o
‘Q
o
bl

LBL20

Q

c o o
—
m
—
=]

K
[=]
(]
Q

o O E——
o1 T
oCALL LBLISREP o o

oo§

CALL LBL 20REP

OOOOOOO

00 C

[

o0 ©

i

00 0 0CO0OO0OO0C
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8L 2
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000000 OCOD
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A jump into
another
main program

Program run
example

P68

Program jump

Program management of the controf permits a
jump from one main program to another.

This enables

@® home-made machining cycles to be com-
piled by using parameter prograrnming {see
cycle "program call”)

or

@ the storage of tool lists.

Programming of the jump is initiated with the

PGM
o

If a program number, to which no program has
been allocated, is entered {e.g. CALL PGM 13),
the error

= PGM 13 UNAVAILABLE =

is displayed when selecting the main program
via the jump command.

Max. four nesting levels are permitted for pro-
gram calls, i.e. the nesting level is 4.

The control executes the main program 1 until
the program call command CALL PGM.

A jump s then made inte the main prograrm 28.

Program 28 is completely executed from start to
finish.

A return jump is then made intc main program 1.

Main program 1is then continued from the block
subsequent to the program call.

PGM
CALL

MAIN PROGRAM MAIN PROGRAM

1BEGINN PoM 2811

O == = —- O
o TOEND FGHZBITH




Program jump

Operating mode

Entry

initiation

Dialogue

Key-in number of program to be

called-up.

>
v

PROGRAM NUMBER?

&
o
£
@
E
Q
2
=
|
]
Z
c
o

block 87

-up in

Main program 28 has been called

87 CALL PGM 28

Display example
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Parameters

Setting
parameters

Parameter
definition

. Parameter
i definition
example

L

P70

Parameters

Within a program. numerical values which are
related to units of measure (co-ordinates or feed
rate) can be substituted by variable parameters
for numerical values which are either entered at
a later stage or calculated by the control.

When executing the program, the control then
uses the numerical value which the parameter
provides in the parameter definition.

Parameters are designated by the letter Q and a
number between O and 99. Parameters may be
entered with a negative sign. Positive signs do

not have to be programmed. The @-kev is
used for setting a parameter:

The correlation of certain numerical values to the
parameters is either possible directly or via
mathematical and logical functions.

The dialogue for paramster definitions is initiated

with the -key. The adjacent parameter func-

tions FN can be selected with the -

keys.

If parameters are entered instead of co-ordinates
within a linear interpolation, contours can be pro-
duced which are based on mathematical func-

tions e.g. ellipses. The contour is then formed by

a large number of individual straight sections.
(see also programming example “Ellipse”)

4
I
| —
FN 0: ASSIGN
FN 1: ADDITION
EN 2: SUBTRACTION
FN 3: MULTIPLICATION
FN 4: DIVISION
FN 5: SQUARE ROOT
FN 6: 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

T TN
Q12 = +40,0(z?)—‘

=N

Q15 =(+25.500

\ D ==

28| X+Q15 y+Q42

R FM




" Setting
a parameter

Display example

Parameters

Dialogue question ¢.g.

COORDINATES?

Select axis, e.g. X.

Press parameter-key.

Key-in parameter number.

If read., key-in sign _

s (I BB

Enter into memory.

27LX+Q13Y - Q2

R F

1 Parameter Q13 is an allocation for the numerical
value of the X-co-ordinate.

Parameter Q2 is an allocation for the negative
Y-co-ordinate value.

Q13 is for example, assigned with the value
+40.000 and Q2 +19.000. The tool will therefore

move to the position P (X +40.000/Y -19.000).

Addressing
a parameter
function

Opera'ting mode

Dialogue initiation

DEF

FNO: ASSIGN

e.g.

FN 9: IF EQUAL, JUMP

If the reqd. function is in the display.

v

The first dialogue qUestion appears in the display
{see corresponding function for response).

’E or |4 :Select reqd. parameter function,

’ Enter into memory.
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FN O:
Assign

FN 1:
Addition

FN 2:
Subtraction

FN 3:
Multiplication

FN 4:
Division

FN 5:
Square root

P72

Parameters

D::rama‘l'ar fi un t1on
CAL CAL 1 I L] | LW | I LI/l

CD

With function FN 0, a parameter is assigned with
a numerical value or another parameter.
Assignment is designated by a "=" sign.

With function FN 1, a certain parameter is
defined as the sum of two parameters or two
numerical values or a parameter and a numerical
value.

With function FN 2, a certain parameter is
defined as the difference between two parame-
ters or two numerical values or a parameter and
a numerical value.

With function FN 3, a certain parameter is
defined as the product of two parameters or
two numerical values or a parameter and a
numerical value.

With function FN 4, a certain parameter is
defined as the quotient of two parameters or
two numerical values or a parameter and a

wrrvarinad veal
numencai vaiue.

{DIV: abbrevation for division)

With function FN 5, a certain parameter is
defined as the square root of a parameter or a
numerical value.

(SQRT: abbrevation for square root)

a5 = 65,432
Display:
18 FN 0: 6 = +65,432
Q17 = @2 + 5,000
Display:
12 FN 1: 017 = +02
+ +5,000
Q11 = 5,000 — Q34
Display:
94 FN 2: Q11 = +5,000
- +0Q34
021 = Q1 x 60,0
Display:
85 FN 3: Q21 = +Q1
¥ +60,000
Q12 = Q2/62
Display
73 FN 4: @12 = +0Q2
DIv +62,000
Q98 = v 2
Display:
69 FN 5: Q98 = SQRT +2




Programming
example FN 1

Parameters
Parameter functions

Operating mode

Dialogue initiation

Q

FN 1: ADDITION

45

Enter function into rnemary.

v

PARAMETER NUMBER FOR RESULT?

>

cld

Kay-in parameter number.

Enter into memory.

v

FIRST VALUE/PARAMETER?

If a numerical value is assigned:

It & parameter is assigned:

v
e I

v
O I =)

Key-in value,

Enter into memory.

Press parameter key.
Key-in parametsr number.

Enter into memory.

v

SECOND VALUE / PARAMETER?

If a numerical value is assigned:

If a parameter is assigned:

v
e

v
i ¢!

Key-in value.

Enter into memory.

Press parameter key.

Key-in parameter number.

Enter into memory.
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Trigonometrical
functions

Definition of
trigonometrical
functions

Trigonometrical
functions within
a right-angled
triangle

FN 6:
sine

FN 7:
cosine

P74

Parameters
Parameter functions

Sine and cosine functions form a mathematical
relationship between an angle and a side length
of a right-angled triangle. Trigonometrical func-
tions are progranmmed with

FN 8: sine and '

FN 7: cosine

. Obposite side a
sing =———————=—
Hypothenuse ¢
_ Adjacent side _ b

cos a =
Hypothenuse ¢

Xp=Rxcosa

Yp=Rxsina

With function FN 6 sine, a certain parameter is
defined as the sine of an angle {in degrees (°}}.
The angle can be a numerical value or a para-

meter.

With function FN 7 cosine, a certain parameter is
defined as the cosine of an angle {in degrees
{°)). The angle can be a numerical value or a
parameter.

a = Opposite

b = Adjacent C

<Y

Q10 = sin Q8
Display:

113 FN 6: Q10 = SIN + Q8

Q81 = cos {(—Q55)
Display:

911 FN 7: Q81 = COS — Q55




Length of a
distance

FN 8:
Root of sum of
squares

Parameters |
Parameter functions |

Parameter function FN 8: root of sum of square,
is used for determining the length of a dis-
tance within a right-angled triangle.

The Pythagoras theorem states:

a2+b2=c2orc=+a’+b?.

With function FN 8, root of sum of squares, a
certain parameter is defined as the square root
of the sum of the squares of two numerical
values or parameters.

{LEN = abbreviation for length).

"
a

03 = +/ 30% + Q452
Display:
56 FN 8: Q3 = +30,000

LEN +045
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f-jump

FN 8:
If equal, jump
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Parameters
Parameter functions

With parameter functions F 9 to F 12, a paramet-
er can be compared with another parameter or
with a numerical value.

Depending on the result of such a comparison, a
jump can be made o a certain program label,

The equations are:
® First parameter is equal to a value or a
second parameter, e.g. 01 =03

® First parameter is different to a value or a
second parameter, e.g. Q1 + Q3

® First parameter is greater than a value or a
second parameter, e.g. Q1 > Q3

® First parameter is less than a value or a
second parameter, e.g. Q1 < Q3

If one of these equations is satisfied, a jump is
then made to a certain program label.

If the equation is not satisfied, the program is
continued with the block which follows.

When programming the function FN 8, “If equal,
jump”, a jump to a program label is only made if
a certain parameter is equal to another para-
meter or a numerical value,

iF = If or when
EQU = abbreviation for equal
GOTO = "go to” (proceed to)

equal
*+  unequal
> greater than

< less than

15 ¥ Q1 = Q2 .
NO then jump to LBL 30

- 16 ...

YES

—- 132 LBL 30

If: 02 = 360
then jump to LBL 30!

Display:
47 FN 9: IF + Q2

EQU + 360,000 GOTO LBL 30




Entry
Example FN 9

Operating mode

Dialogue initiation

Parameters
Parameter functions

FN 9: IF EQUAL, JUMP

Enter function into memory.

v

FIRST VALUE / PARAMETER

Press parameter key.

Key-in parameter number.

Enter into memory.

v

SECOND VALUE / PARAMETER

If the parameter set above is to be
compared with a value.

If the parameter set above is to be
compared with another pararmeter.

\

oG €

Key-in numerical value.

Enter intc memory.

Press parameter key.

Key-in parameter number.

Enter into memory.

v

LABEL NUMBER?

v
o]

Key-in label number for jump.

Enter into memory.

Display data is shown with the appropriate func-
tion on the following page.
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FN 10:
If unequal, jump

FN 11:
if greater than,
jump

FN 12:
K less than, jump

P78

Parameters
Parameter functions

When programming, the function FN 10: "If une-
qual, jump”, a jump to a label number is only
made if a certain parameter is unequal to a
numerical value or another parameter.

(NE = abbreviation for not equal).

When programming the function FN 11; "If great-
er than, jump”, a jump to a label number is only
made if a certain pararneter is greater than a
numerical value or another parameter.

(GT = abbreviation for greater than).

When programming the function FN 12: “If less
than, jump”, a jump to a label number is only
made if a certain parameter is less than.a nume-
rical value or another parameter.

(LT = abbreviation for less than).

If Q3 % Q10,
then jump to LBL 2!

Display:
38 FN 10: IF + Q3

NE + Q10 GOTO LBL 2

If Q8 > 360,
then jump to LBL 17!

Display:
28 FN 11: IF + 08

GT + 360,000 GOTO LBL 17

If Q6 < Q5,
then jump to LBL 3!

Display:
24 FN 12: IF + Q6

LT + Q5 GOTO LBL 3




Remarks




Geometry

Parameter
definition

P80

Parameters

Parameter programming

(Example)

Programming with parameters can be explained
in the example of an ellipse.

The ellipse is described according to the adjac-
ent formula {math. parameter form of the ellipse}.

Every angle a has an X and Y-co-ordinate.
Beginning at a = 0° and proceeding-to a = 360°
in small increments, a number of individual
points are obtained forming an ellipse.

These points are adjoined by straight lines to
form a closed contour.

The program consists of 4 main sections:
Parameter definition

Positioning (finear interpolation) for milling of
ellipse

Increase of angular step

Parameter comparison and program con-
tinuation until the ellipse is completed.

The following are defined as parameters:

® Angular step Q20: The angle is to increase
. inincrements of 2% Q20 =+ 2.000
@ Starting angle Q21: The first contour peint
has the angle 0°; Q21 = 0.000
® Semi-axis in X-direction Q23:
(323 = +50.000
@ Semi-axis in Y-direction Q22:
Q22 = +30.000
® X-co-ordinate O25: The numerical value of

the C-co-ordinate is assigned to parameter
Q25.

® Y-co-ordinate Q24: The numerical value of
the Y-co-ordinate is assigned to parameter
Q24

Pararmeters Q25 and Q24 are defined according
to the above mentionec formula:

{X=) Q25 = Q23 % cos Q21;

{Y=) Q24 = Q22 % sin Q21,

Both equations must be converted, since they
cannot be entered in this way, therefore:

first: 14 = sin Q21
015 = cos Q21
then: Q24 = Q14 % Q22

Q25 = Q15 % Q23

X
Y
8,

Cos U

a .
b-sina
b : semi-axes of the ellipse

<y

Q22

P (X Q25 Y Q24)

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

Q14 =SIN + Q21
015 = CO5 + 021
024 =+ 014 * + Q22
025=+ Q156 #* + Q23




Parameters
Parameter programming
(Example)

Positioning block Milling of the ellipse is programmed within a

Increase of
angular step

Parameter
comparison and
program repeat

block with linear interpolation.

New angle Q21 =
0Old angle Q21 + angular step Q20

For a repetition, a label must be set prior to the
parameter definition for Q25 and Q24: LBL 1.

The repetition is governed by the following con-
dition:

If angle Q21 is less than 380,1° (however greater
than 360°, but smaller than 360° plus the angular
ster) then jump to LBL 1

IF+ Q21
LT + 360,100 GOTO LBL 1.

Q20 =+ 2,000
Q21 =+ 0,000
Q22 = +30.000
Q23 = +50,000

014 = SIN + Q21
Q15 = COS + Q21
Q24 =+ Q14 * + Q22
Q25 =+ Q15 % + Q23

L X+0Q025 Y-+024
RR F200 M
Q20 =+ 2.000
Q21 =+ 0,000
Q22 = +30.000
Q23 = +50,000

Q14 =SIN + Q21
Q16 = COS + Q21
024 =+ Q14 # + Q22
Q26 =+ Q15 # + 023

L X+ Q25 Y + Q24

RR F200 M

Q21 =+ 021+ + Q20

Q20 =+ 2,000
Q21 =+ 0,000
Q22 = +30,000
Q23 = +50,000

LBL 1.

Q14 = SIN + Q21
Q15 = COS + 021
Q24 =+ 014 % + Q22
Q26 =+ Q19 % + 023

Y + 024
RR F200

L X + Q25

M

Q21 =+ Q21 ++.020

IF + 021
LT + 360,100 GOTO LBL 1

|
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Canned cycles

Cycle definition

Breakdown of
available cycles

v/

Cycle call

P82

Canned cycles

To simplify and speed-up programming, reoccur-
ring machining routines and certain co-ordinate
transformations are pre-programmed as fixed -
or canned - cycles. E.g. the milling of pockets or
the shifting of a workpiece datum to another
iocation.

With the cycle definition, the control is informed
of the necessary data for the cycle, e.g. side
length of the pocket. Dialogue for cycle definition

is initiated with the %T;CE -key. Cycles can be

addressed with the -keys.

Cycles 1to b are machining cycles, i.e.
machining routines are executed on the work-
piece.

With cycle 9, a dwell time can be programmed
and a program can be called-up via cycle 12.
The remaining c¢ycles are used for various types
of co-ordinate transformations.

The cycle call enables the cycle and the dwell
time which has been praeviously defined, to be
executed.

Co-ordinate transformations do not require a

“special call-up; they are active immediately after

cycle definition,

There are three programming possibilities for

cycle call:

® Call-up with a CYCL CALL-block

® Call-up via auxiliary function M99

® Cail-up via auxitiary function M889 {depending
on the machine parameters entered)

Call-up M&9 is madally effective, this means a

cail-up of the machining cycle last programmed

is made with each subsequent positioning block.

M89 is cancelled either by the entry of M99 or a

CYCL CALL-block.

CYCL DEF
CYCL DEF
CYCL DEF
CYCL DEF
CYCL DEF

CYCL DEF
CYCL DEF

1 Peck drill

Z Tapping

3 Slot milling

4 Pocket milling
5 Circular pocket

7 Datum shift
8 Mirror image

CYCL DEF 10 Co-ordinate

system rotation

CYCL DEF 11 Scaling

CYCL DEF 12 Program cal

CYCL DEF

9 Dwell time

Machining
cycles

Co-ordinate
trans-
formations




Definition
of a cycle

Canned cycles
Cycle definition
Cycle call

Operating mode

CYCL
DEF

Dialogue initiation

CYCL DEF 1 PECKING

The cycle is displayed e.g.

v

definition for response).

CYCL DEF 4 POCKET MILLING

The display shows the first dialogue question
of the selected cycle. {See appropriate cycle

4S

' E Select required machining cycle.

Enter cycle intc memory.

Call-up of a cycle Operating mode

Display example

©]

Dialogue initiation

00
ES
-

AUXILIARY FUNCTION M?

v
G

If reqd., key-in auxiliary
function,

Enter into memory.

95 CYCL CALL

Mo03

The cycle last defined is called-up.

The spindle rotates clockwise.
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Provisions

Error messages

Dimensioning

P84

The following must be programmed prior to a
cycle call:

® Tool call: for definition of the working
spindie axis and spindle speed

® Auxiliary function: {or specification of the
rotating direction ‘

® Positioning block to start position:
of machining cycle.

The absence of a tool call is indicated by
= TOOL CALL MISSING =.

The absence of the spindle rotating direction
is indicated by

= SPINDLE ROTATES MISSING =.

Specification of dimensions within the cycle defi-
niticn are always referenced to the starting
position of the tcol and are always incrementai.

r—
The \i’—key does not have to be pressed!
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TOOL CALL
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POSITIONING BLOCK |




General

Cancellation
of a cycle

Canned cycles |
Co-ordinate transformations

Co-ordinate transformations alter the co-ordinate
system which was determined with the work-
piece zero. These cycles are effective immediate-
ly after the definition and a cycle call is therefore
unnecessary,

~co-ordinates

system
rotation

Co-ordinate transfermations remain active until
they are cancelled. This can be done either with
a new cycle definition-with which the original
condition is programmed-or with the auxiliary
function MQZ2, M30 or with the block

END PGM. ..MM (depending on the entered
machine parameter 173).
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Entry data

Procedure

Advanced stop

P86

Canned cycles
Peck-drilling

Set-up clearance: Distance between 1ool tip
(starting position) and workpiece surface.
Arithmetical sign:

® in positive axis direction +

@ in negative axis direction —

Total hole depth: Distance between workpiece
surface and base of hole {tip of drill-taper).
See safety clearance for arithmetical sign.

Pecking depth: Depth of single penetration dur-
ing pecking action.
See safety clearance for arithmetical sign.

Dwell time: Duration of toal standstill time upon
reaching the total hole depth for chip breaking.

Feed rate: Feed speed of tool axis during opera-

tion.

From the starting position, the tool penetrates

" the work for the first pecking depth at the pro-

grammed feed rate. After reaching the first
pecking depth, the tool is retracted 1o the starting
position in rapid and then makes a new plunge
taking the advanced stop distance into account.

The tool makes a further penetration by the
pecking depth and then retracts again etc.

Pecking action is repeated until the programmed
hole depth is reached. At the end of the cycle
and after duration of the dwell time, the tool
returns to the starting position.

The advanced stop distance t is automatically
determined by the control:
® with a drilling depth of up to 30 mm:

t= 0.6 mm

® with a drilling depth exceeding 30 mm the
following formula applies:
t = drilling depth/50 whereby the max. dis-
tance is limited to 7 mm;
tmax = 7 mm.

Al

Starting position

Sat-up clearance

) Rapid feed

—




Canned cycles
Peck-drilling

Cycle definition Operating mode

Dialogue initiation

<]

[3]

YC|

(]
m
T

CYCL DEF-1 PECKING

v
6

Enter cycle into memory.

v

SET-UP CLEARANCE?

v
Ol K

Key-in set-up clearance.
Key-in correct sign.

Enter intc memaory.

v

TOTAL HOLE DEPTH?

v
AR ]

Key-in hole depth.

Key-in correct sign,

Enter into memory.

. o
PECKING DEPTH? ' D Key-in pecking depth.
v
Key-in correct sign.
h 4
Enter intoc memory.
.

DWELL TIME IN SECONDS?

v
G4 |

Key-in dwell time at hole base.

Enter into memory.

v

FEED RATE? F =

.
@]

Key-in feed rate for pecking.

Enter into memory.
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Remarks
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Display example

Canned cycles
Peck-drilling

110 CYCL DEF 1.0 PECKING

111 CYCL DEF 1.1 SET-UP -2,000

112 CYCL DEF 1.2 DEPTH -30,000
113 CYCL DEF 1.3 PECKG -20.,000
114 CYCL DEF 1.4 DWELL -0,000

115 CYCL DEF 1.5 F80

The pecking cycle allocates 6 program blocks
Set-up clearance

Total hole depth

Pecking depth

Dwell time

Feed rate
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Canned cycles

The cycle The chuck must be able to compensate for the
tolerances between the feed rate and the rotating
speed as well as the deceleration in spindle rota-
tion.

A chuck with length compensation is neces-
sary for the tapping cycle. +Z

After a cycle call, the spindle override {+Y)
becomes ineffective and the feed rate
override is only active within a limited range.
The limits have been set by the machine tool
builder via parameters. clearance

Entry data Set-up clearance: (see cycle 1)
{approx. vaiue: ca. 4 x thread pitch)

Total hole depth (= thread length): Distance
betwsen the workpiece surface and end of the
thread. See set-up clearance for sign.

Dwell time: Duration between change of
spindle rotaticn and retraction of togl

- Feed rate: Penetration speed durlng thread cut-
ting.

Procedure The thread is cut in one operation. When the tool Spind
reaches the total hole depth, the direction of : F?['”t e
spindle rotation is changed after a duration Ej(jirSc:I'[?gn

which has aneaoy been prugrdmmeu within th 12
machine parameters. After the programmed

. _ dwell time has ellapsed, the tool is retracted to
\ the starting position.

f:> Feed rate
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Cycle
definition

Display example

Canned cycles
Tapping

Operating mode

Dialogue initiation

=X3]

m= ¥
o

H g

.

v
&

CYCL DEF 2 TAPPING

Enter cycle into memory.

v

v
o) Kl

SET-UP? CLEARANCE?

Kevy-in set-up clearance.

Key-in correct sign.

‘Enter into memory.

'v‘

TOTAL HOLE DEPTH?

v
Gl

Key-in thread depth.

Key-in correct sign.

Enter into memory.

v

DWELL TIME IN SECS?

B 4
ad |

Key-in dweil time between spindle
rotation change-over and rotation.

Enter intoc memory.

v

FEED RATE? F =

v
e

Enter calculated feed rate.

Enter into memory.

80 CYCL DEF 2.0 TAPPING

81 CY(;L DEF 2.1 SET-UP -2,000
82 CYCL DEF 2.2 DEPTH -30.000
83 CYCL DEF 2.3 DWELL 0,000

84 CYCL DEF 2.4 F 160

The cycle definition "tapping” allocates 5 program

blocks

Set-up clearance

Total hole depth

Dwell time

Feed rate
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The cycle

Entry data

Procedure

P92

Canned cycles
Slot milling

“Slot milling” is a combined rough/fine cut cycle.
The slot is parallel to an axis of the current co-
ordinate system which may have to be rotated if
necessary, {see cycle 10, Co-ordinate system
rotation).

Set-up clearance: see cycle 1

Milling depth {= depth of slot): Distance
between workpiece surface and base of sjot.
Arithmetical sign - see set-up clearance.
Pecking depth: Depth of piunge when
penetrating workpiece. Arithmetical sign -
see set-up clearance.

Feed rate for pecking: Feed rate when tool
penetrates workpiece.

First side length: Finished length of slot.

The programmed sign must correspond to the
milling direction:

If milling is in the positive direction when com-
mencing from the starting position:

positive sign.

If milling is in the negative direction when com-
mencing from the starting position:

nagative sign.

Second side length: Finished slot width. The
sign Is always positive.
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Feed rate: Feed rate of tool motion in the work-
ing plare,

Rough cut cycle: From the starting position,
the tool penetrates the workpiece. The slot is
then milled in the length direction, After the next
peck, the slot is milled in the opposite direction,
The procedure is repeated until the programmed
milling depth is reached. '

Tats

a6
&
%8

futaiiel

+Z :

(+Y)

Starting
position

Pecking depth

Set-up
iclearancb

i Second
1 side
length

Rough cut

. Feed
Peck
Feed
Milling




Procedure

Starting
position

Canned cycles
Slot milling

Fine cut milling: The contral positions the mil-
ling cutter in the transverse direction at the base
of the slot for the final finish cut of the conteur in
down-cut milling.

If the number of pecks was odd, the tool returns
to the starting position at the set-up height.

:

b

s§§*

H
#

L

e
2

The starting position for the slot milling cycle
must be positioned exactly; taking the tool radius
into account.

Contour approach The slot is approached at right-angles to the
with a linear inter- iength direction with tool path offset RL/RR and

polation block

Approach with
a single axis
positioning block

auxiliary function M98,

The slot is approached in the length direction
with tool radius compensation R—/R+.

Fine cut miiling

P93




Remarks

aEET
|

]
AT T

i_] . .En Il

T
]

i

i

]

i

P94



Canned cycles
Slot milling

Cycle . Operating mode ' o
definition

[%)
B3
T

.'

Dialogue initiation

CYCL DEF 3 SLOT MILLING

v

SET-UP CLEARANCE?

v
a

Enter cycle into memaory.

I
O |

Key-in set-up clearance.

Key-in correct sign.

Enter into memory.

v

MILLING DEPTH?

Key-in milling depth.

d
©) K

Key-in correct sign.

Enter into memory.

v

PECKING DEPTH?

v
©) N

Key-in pecking depth.
Key-in correct sign.

Enter into memory.

v

FEED RATE FOR PECKING?

v
©) [

Key-in feed rate tool penetration.

Enter into memory.

v

FIRST SIDE LENGTH?

Specify axis direction for slot length,
e.g X

h 4

o] ) Wl

Key-in slot length.

Key-in correct sign.

Enter into memory.
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Canned cycles
Slot milling

v

SECOND SIDE LENGTH?

Specify axis for slot width, e.g. Y.

Key-in slot width with positive sign.

Enter into memaory.

v
A4~/

v

FEED RATE? F =

Key-in feed rate for milling of slot.

v
&)

Enter into memory.

Display example
100 CYCL DEF 3.0 SLOT MILLING The slot milling cycle allocates 7 program blocks
101 CYCL DEF 3.1 SET-UP -2,000 Set-up clearance _ “
102 CYCL DEF 3.2 DEPTH -40,000 Milling depth
103 CYCL DEFV 3.3 PECKING -20,000 Pecking depth
F80 Feed rate for pecking
104 -CYCL DEF 3.4 X -120,000 : Length of slot
105 CYCL DEF 3.5 Y+ 21,000 Width of slot
106 CYCL DEF 3.6 F100 Feed rate
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The cycle

Entry data

Procedure

P98

Canned cycles
Pocket milling

The pocket milling cycle can be performed as a
rough cut or fine cut cycle. Sides of the pockst
are lpcated parallel to the axes of the current co-
ordinate system. If necessary, the co-ordinate
system is to be rotated (see cycle 10 "co-ordin-
ate system rotation”) )

Set-up clearance: see cycle 1

Milling depth: (= depth of pocket): Distance
between the workpiece surface and the base of
the pocket. .

See set-up clearance for sign.

Pecking depth: Penetration depth of tool.

See set-up clearance for sign. ‘

Feed rate for pecking: Feed rate when tool
penetrates workpiece.
First side length: Length of pocket parallel to
the first main axis in the working plane. The sign
is always positive.
Second side length: ‘Width of packet. The sign
is also positive.
Feed rate: Feed rate of tool motion in the work-
ing plane.
Rotation: Rotation direction of cutter path.
DR+: positive rotation (counter-clockwise);
down-cut milling
DR-: negative rotation {clockwise);
up-cut milling

The tool penetrates the work at the starting
position (centre of pocket). The milling tool then
follows the path as indicated. The starting direc-
tion of the tocl path is the positive axis direction
of the longest side, i.e. if the longest side is
parallel to the X-axis, the tool will move in the
positive X-direction.

+2Z
{t Y}

Starting paosition

Setup
clearance

Milling
i depth

DR+
Starting
position Second
side |
length
First side length
" Rapid

Feed

|_—_:> Pecking

depth




Procedure

Stepover

Canned cycles
Pocket milling

When milling rectangular pocksts, the tool
always starts in the positive Y-direction. The
rotating direction depends on the rotation which
has been programmed {here DR+}. The stepover
distance is always k {or less).

The procedure is repeated until the programmed
milling depth is reached. Finally, the ool is
retracted to the starting position.

The control calculates the stepover k according
to the following formula:

k=K x R

k: stepover

K: Factor defined by machine tool builder (via
machine parameter)

R: Radius of mill

f::> Feed
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Canned cycles
Pocket milling

@)

Cycle QOperating mode
definition

o0
ms
T

.

Dialogue initiation

" CYCL DEF 4 POCKET MILLING - |
v

 SET:UP CLEARANCE? ...

=
c

Enter cycle intc memory.

O\ N

Key-in set-up clearance.

Key-in correct sign.

Enter into memory.

v

Key-in milling depth.

ol Nl

Key-in correct sign.

Enter into memory.

~

PECKINGDEPTH?

Key-in pecking depth.

v
oI

Key-in correct sign.

Enter into memory.

v

FEED RATE FOR PECKING?

Key-in feed rate for tool penetration.

.
e

Enter into memory.

v

'FIRST SIDE LENGTH?

Specify axis of first side
length e.g. X.

Key-in first side length with
positive sign.

Enter into memory.

-
G =

v

SECOND SIDE LENGTH? -

Specify axis of second side
length e.g. Y.

o =

Key-in second side length with
positive sign.

Enter into memory.
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Canned cycles
Pocket milling

v

FEED RATE? F =

v
ed |

Key-in feed rate for milling of pocket.

Enter into remory.

v

ROTATION CLOCKWISE: DR-?

v
©) |

Key-in tool path rotation.

Enter into memory.

Display example : o -
260 CYCL DEF 40 POCKETMILLING | 11 Svole denniion pooke: miling
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 Pecking depth
F80 Feed rate for pecking
2564 CYCL DEF 4.4 X +80,000" First side length
256 CYCL DEF 4.5 Y +40,000 Second side length
256 CYCLDEF 46 F 100. DR+ Feed rate/Path rotation
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The cycle

Entry data

Procedure

P104

Canned cycles
Circular pocket milling

The circular pocket cycle is a rough cut and
fine cut cycle.

Set-up clearance: sce cycle 1.

Milling depth: (= depth of pocket): Distance
between workpiece surface and base of pocket.
See set-up clearance for sign.

Pecking depth: Penetration depth of tool.

See set-up clearance for sign.

Feed rate for pecking: Feed rate when tool
penetrates workpiece.

Circle radius: Radius of circular pocket.

Feed rate: Feed rate of tool motion in the work-
ing plane.

Rotation: Rotating direction of cutter path

DR+: positive rotation {counter-clockwise);
down-cut milling _

DR-: negative rotation {clockwise);
up-cut milling

The tool penetrates the work at the starting
position (centre of pocket). The cutter then fol-
lows a spiral-shaped path, the rotation of which,
depends on the programmed rotation {here
DR+).

The starting direction of the cutter is

® the Y+direction for the X, Y-plane

@ ihe X+direction for the X, Z-plane

® the Z+direction for the Y, Z-plane

Starting position

Set-up clearance

Pecking
dthh o

Milling
depth

Starting
position

Rapid
P Feod

Pecking

depth




Procedure

Canned cycles
Circular pocket milling

The stepover distance is max. k" (see cycie
"Pocket milling™)

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

Finally, the tool is retracted to the starting posi-
tton.

|::',> Feed
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Canned cycles
Circular pocket milling

@]

Cycle _ Operating mode
definition

@)
R
e

.

Dialogue initiation

CYCL DEF 5 CIRCULAR POCKET } Enter cycle into memory.
v
SET-UP CLEARANCE? - ’ D Kay-in set-up clearance.
' v
+/_ Key-in correct sign.
h 4
Enter into memaory.
e

MILLING DEPTH?

v
SEd ]

Key-in milling depth.

Key-in correct sign.

Enter intc memory.

{

PECKING DEPTH?

v
o) B

Key-in pecking depth.

Key-in correct sign.

Enter into memory.

4

v
¢

FEED RATE FOR PECKING? Key-in feed rate for taol penetration.

Enter into memory.

4

v
)

CIRCLE RADIUS? Key-in radius of pocket.

Enter intc memory.

4

FEED RATE? F= Key-in feed rate for milling.

v
©)

Enter into memory.

{
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Canned cycles
Circular pocket milling

., _,
ROTATION CLOCKWISE: DR-? » Key-in rotation for tool path.
h 4
Enter into memory.

Display example o .
40 CYCL DEF 5.0 CIRCULAR POCKET ;{l‘oecg‘tfiefsdg‘;g‘gr'g:n ciroular pocket
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 Pecking depth
F30 7 Feed rate for pecking
44 CYCL DEF 5.4 RADIUS -120.,000 Radius of pocket
45 CYCL DEF 5.5° F100 DR- Feed rate/Rotating direction
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The cycle

Datum shift

Incremental/
Absolute

Cancellation of
a datum shift

P110

This cycle is for displacement of the workpiece

datum to another location within the co-ordinate
system. Machining procedures such as slot mil-
ling or pocket milling can be performed at diffe-
rent locations on the job without having to re-

nroaaram
[ L=

Datum shift, only requires the entry of the new
co-ordingtes for the datum. The co-ordinate
systern with its X, Y, Z and IV-axes is then re-
located about the new datum. All subsequent co-

ardinate antries are then ralated to the new
VUGS STy QIT Wital ioiauoid o il 1iovy

datum.

Co-ordinates can be entered with the cycle defi-
nition as follows:

@ Absolute: Co-ordinates of the new datum
are referenced to the original datum.
(= workpiece datum originally set -@).

® Incremental: Co-ordinates of the new datum
are referenced to the datum which was iast
valid. The last datum can also be a shifted

Aatiire
MU

A datum shift is cancelled as follows:

@ Entry of an absolute datum shift with the
co-ordinates X 0.000/Y 0.000/Z 0.000/
vV 0.000; :

@ Entry of auxiliary function M02, M30 or the
block END PGM ... MM (depending on the
machine parameter entered).

Y

T Yﬁ‘

Absolute

vy

fave
T

Incremental

=Y




Cycle

definition

Display example

Canned cycles
Datum shift

Operating mode

Dialogue initiation

o0

= ¥
m

(=)
e a
.

CYCL DEF 7 DATUM SHIFT

v
©

Enter cycle into memory.

v

DATUM SHIFT?

With datum shift, numerical
values can be allocated to
all axes X, Y. Z, IV.

- After keying-in co-ordinates
of new datum;

HCOE

Select axis, e.g. X

Incremental-Absolute?

Key-in co-ordinates of new datumn.

v

Enter into memory.

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 +90,000

The cycle definition “datum shift” allccates
5 program blocks.
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The cycle

Mirror
image axis

Machining
direction

Zero datum

Cancellation of
mirror image

P112

Canned cycles
Mirror image

When mirror imaging an axis at the zero datum,
the direction of the axis is changed and the arith-
metical signs of all co-ordinates are reversed.
The resuit is a programmed centour or hole pat-
tern in a mirror (or reflected) image. Mirror
image is only possible in the working plane,
either by reversing one axis or both simulta-
neously.

Mirror image programming requires the entry of
the axis or axes to be reversed. The co-ordinates
of the respective axis are then reversed within
the program.

If the tool axis has been inadvertently mirror
imaged, the following error message is dis-
played:

= MIRROR IMAGE ON TOOL AXIS =

Mirror image in one axis: The machining direc-
tion is also reversed when the signs of the co-
ordinates have been reversed. if a contour was
originally milled in a counter-clockwise direction,
the mirror image will affect clockwise milling.
The machining direction is, however, maintained
for canned cycles.

Mirror image in two axes: The contour which
has been mirror imaged in one axis is subjected
e further mirror imaging in a second axis. The
machining direction is reversed once again, i.e.
the original direction therefore remains.

When programming, care should be taken that
the co-ordinate axis for mirror imaging lies exact-
ly between the mirrored contour and the contour
which is to be mirror imaged. If necessary, a
datum shift should be prograrnmed before the
cycle definition.

The mirror image cycle can be cancelled as fol-
lows:

@ Eniry of the mirror image cycle using \g‘m

as the response to the dialogue questions.

® Entry of auxiliary function M0O2, M30 or the
block END PGM. .. MM {depending on the
machine parameter entered).

<Y

2 oxalx X2

Counter clockwise Clockwise

AL

Clockwise Counter clockwise




Cycle
definition

Display example

Canned cycleé
Mirror image

Operating mode

Dialogue initiation

[=35]
ns| (<
E

CYCL DEF 8 MIRROR IMAGE

v
@

Enter cycle into memory.

v

MIRROR IMAGE AXIS?

If mirror imaging is
simultaneous in two axes:

v
<]

<

Key-in axis to be mirror imaged.

Key-in second axis, e.q. Y.

Enter axes into memory and
terminate entry routine,

of
(=]

REE GRS

o
4
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rpEgieaaReRzin el
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121

CYCL DEF 8.0 MIRROR IMAGE

CYCL DEF 8.1 X

The cycle definition "mirrar image” aliocates 2
program blocks. '

Mirror image axis X,
X-co-ordinates of the subsequent program blocks
are reversed.
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The cycle

Rotation angle

Entry range

Co-ordinate
system rotation
and datum shift

Cancellation of
co-ordinate
systern rotation

P114

Canned cycles

Co-ordinates system rotation

The co-ordinaté system of the working plane can
be rotated about the zero datum within a pro-
gram.

This is convenient e.g. for the milling of repetitive
pockets, the sides of which, are not parallel to
the original co-ordinate axes.

The rotation is entered by programming the rota-
tion angle ROT.

The rotation angle is always referenced to the
zero datum of the co-ordinate system - the
centre of rotation — and the reference axis for
absolute programming is

® + X-axis for the X, Y-plane

® + Y-axis for the Y, Z-plane

@® + Z-axis for the Z, X-plane

All co-ordinate entries which follow the rotation
are ther: referenced to the daturmn and the rotated
cc-ordinate systemn.

The rotation angle may also be entered incre-
mentatly.

The rotation angle is entered in degrees (°).
Entry range: from — 360° to + 360°

The co-ordinate system rotation cycle can be
combined with the datum shift cycle by simply
programming them consecutively. A simultane-
ous shift and rotation of the co-ordinate system
is therefore made possible.

The co-ordinate system rotation cycle can be

cancelied as follows:

@ Rotation entry with an angle 0° (ROT 0)

@ Entry of auxiliary function M0Z2, M30 or the
block END PGM ... MM (depending on the
machine parameter entered).

‘Y X)

Rotation angle
ROT

Xis

f\Aggle reference ).;"(-Z)

N




Cycle
definition

Display example

Canned cycles

Co-ordinate system rotation

Operating mode

Dialogue initiation

CYCL

CYCL DEF 10 ROTATION

’ Enter cycle into memory.

v

ROTATION?

’D Key-in rotational angle.
h 4

Enter intc memaory.

m
o

;
o
A

w
e
ah

Lo,

o

e

i
o

i

Eotats

sl
e
o0

f
i
i

184 CYCL DEF 10.0 ROTATION

185 CYCL DEF 10.1 ROT +45,000

allocates 2 program blocks

Rotational angle in (°)

The cycle definition “co-ordinate system rotation”
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The cycle Contours within the working plane can be
increased or decreased in size.

Gebmetrically similar shapes can be machined
without re-programming, and the control can

e i T e T I

take e.g. shrinkage dimensions into account.

3h
e

E

mib
e’

£ 5 i drars ‘&’ﬁw
Hpt Ly

Scaling For increase or decrease in sizes, a scaling factor
factor SCL has to be programmed. The control multi- '
plies all co-ordinates and radii-within the working Y ‘
plane-which are executed with the cycle. Example (X, Y-plane)
Entry range: O to 99.999999 Decrease by scaling
~ ‘o factor 0.5
104
k4
o ___ﬁ l
Location of With increase or decrease of a contour size, the A | |
zero datum position of the co-ordinate system datum B | i -
remains the same. If a scaled contour is required A j‘, o +,
at another location, a datum shift or a co-ordi- . X
nate system rotation must be programmed befo- | .1
rehand.

Before programming a scaling factor, it is advis-
able to set the datum at the corner-point of a
contour. This saves calculation work.

Example (X, Y-plane)
Increase size and shift
Y Scaling factor 2.0

|

Cancelling of the The scaling cycle can be cancelled as follows:
scaling factor ® Entry of a scaling cycle with factor 1.0
® Entry of auxiliary function M02, M30 or the
block END PGM . ..MM {depending on the
machine parameter entered).
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Cycle

definition

Display exampie

Canned cycles
Scaling

Operating mode ;
CYCL *
Dialogue initiation DEF
CYCL DEF 11 SCALING } ~ Enter cycle into memory.
FACTOR? ’ Key-in scaling factor.

Enter into memory.

)

dimensions are decreased in size by 0.75.

12 CYCL DEF 1.0 SCALING : The scaling cycle allocates 2 program blocks.
13 CYCL DEF 1.1 SCL 0,750000 By entering the scaling factor 0.75, all subseguent
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The cycle

Entry range

P118

Canned cycles

Dwell time

A dwell time can be used within a program to
pause the feed whilst the spindle is still running
e.g. for chip breaking during internal boring.
The dwell time cycle is performed immediately
after the cycle definttion.

The dwell time is entered in seconds.
Entry range: 0.000 s - 19999.999 s

S5
TEalnsaan

A




Cycle
definition

Display example

Canned cycles
Dwell time

Operating mode

Dialogue initiation

B

CYCL DEF 9 DWELL TIME

’ Enter cycle into memory.

v

DWELL TIME IN SECS.

’ D Key-in reqd. dwell time.
v
Enter intc memory.

97 CYCL DEF 9.0 DWELL TIME

98 CYCL DEF 9.1 DWELL 10,000

The dwell time cycle allocates
2 program blocks.
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Canned cycles
Freely programmable cycles (Program call)

The cycle The "program call” cycle permits simple call-up
of programs {with CYC_ CALL M89 and M99)
which have been compiled with the aid of para-
meter functions, e.g. zig-zag milling. These freely
programmable cycles therefore have the same

atotiie og nro_mraAaroraraad Aneead ~lma

<SldIUS do PG plUHIGIIIIlIUU Latinicu \JY’L’!GD
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Cycle
‘definition

Display example.

Canned cycles

Freely programmable cycles {Program call)

Operating mode

Dialogue initiation

CYCL

CYCL DEF 12 PGM CALL

’ Enter cycle into memory

v

PROGRAM NUMBER?

' D Key-in program number
h 4

Enter into memaory

5 CYCL DEF 12.0 PGM CALL

6 CYCL DEF 12.1 PGM 23

The cycle which has been called-up is
programmed within program number 23.
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Editing

Block
call-up

Program
paging

Block word
editing

P122

Programm editing

Editing deals with the checking, amendment and
extension of a program.

Editing functions permit easy search and correc-
tion of program blocks and words via simple
key-in.

A certain block is addressed with the —key.

J

lock-to-block paging is performed with the

¢ -keys.
-key: Jump to next lowest block number
-key: Jump to next highest block number

The —keys are used for setting & cursor

in reversed video — within the current block.
The cursor is set to the word which is to be
edited.

010




Block call-up

Program editing
Block call-up

Operating mode

Dialogue initiation

GCTO
O

GOTO: NUMBER =

Key-in block number.

Enter into memory.

]

Editing block
words

&

Operating mode

A word within the current block
is to be edited:

Set cursor to word for editing.

v
[+

v

A dialogue question is displayed e.g.

COORDINATES?

If editing is finalised:

If a further word is to be edited:

Edit entry value.

v
| 4=

Enter block intc memaory

} {or shift cursor-out of screen-

to the right or left).

’ =+ Set cursor to word for editing.
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Block deletion

Cycle definition
or part program
deletion

Inserting a
block

Editing during
programming

P124

Program editing

Deletion and insertion of blocks

The current block within a program can be

erased by pressing .

DEL = abbreviation for "delete”
Block deletion is only possible in the @-mode.

When erasing single blocks, care should be
taken that only the current block is being erased.
It is advisable to call-up the block by its number.

After deletion, the block with the next-lowest
block number shifts into the location of the
erased block.

Subsequent block numbers are automatically
shifted.

When deleting a cycle definition or a program
part, the last block of the definition or program

part is called-up. The DE," -key is then pressed

repeatedly until ail the blocks of the definition or
program part have been erased.

New blocks can be inserted at any desired loca-
tion within the program. Only the block which
immediately follows the location of insertion is
called-up. Subsequent block numbers are auto-
rmatically shifted.

If the storage capacity of the program memory is
exceeded, the following error is displayed:

= PROGRAM MEMORY EXCEEDED =

This errcr also appears if it is atternpted to insert
a block subsequent to the END-block of the pro-
gram {Program end is shown in the current
block).

Entry errors during programming can be amend-
ed in three ways:

Entry value is erased and "0" appears.

The entry value is completely erased.

DEL
[




Deletinga -

block

Program amendments
Block deletion

Operating mode i

The current program block is to be deleted. ’

Press for deletion
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Searching for
certain addresses

Clearing a
complete program

P126

Program editing
Search routines
Clear program

Blocks containing certain addresses can be

easily found by using the paging keys .

The cursor is set to the word with the search
address with or | « |and the program is

paged with the and/or-key. Only those

blocks are displaved which contain the word
address being searched for.

The search routine is only possible in the -
mode.

The —key initiates the dialogue for clearing

the program.
On pressing this key, the program menu is
displayed in inverted characters. The cursor can

be shifted with the -keys.

Only the program to which the cursor has been
set, can be erased.

CL
PGM




Program edi 'ing
Search routines
Clear program

Operating mode

Finding certain

Select a block containing
the search address

E

A

Al blocks containing the address M

are to be displayed:

Set cursor to a word

with the search address.

Call-up blocks containing
the search address.

Pl

AUXILIARY FUNCTION M?

search addresses

@] [+

Clearing

Operating mode

Ct
PGM

Dialogue initiation

a program

CLEAR PROGRAM = ENT/END = NOENT

Set cursor to
program number.

JENENIEIES

If the program is to be cleared:

v

Clear program.

Do not clear program

or terminate clear program-routine.
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Program
test

Stopping the
test run

P128

Program Test

Before machining, the program can be subjected
to a test for geometrical errors, without machine
movement. The control calculates the program
sequence as per a normal program run.

The program test is interrupted with an error
message.

The -mode key initiates the program test.

A test run can be stopped at any point by

pressing :

STO




Starting a
program test

Program test

Operating mode

TO BLOCK NUMBER =

Test to be executed until a certain
block number:

Test complete program.

>_
v

PE

Key-in block number..

Enter into memory.
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Graphic image

T

Definition of
the "blank form”

P130

Machining programs can be graphically simula-
ted on the VDU-screen. For checking the
machining program, the production of a work-
piece can be displayed. The machine remains
stationary during graphics display.

The workpiece blank is always displayed as a
cuboid (if this is not the case, the workpiece-
blank has to be programmed separately).

GG
e

i ]
e

B

To obtain a workpiece image in graphics, the
shape of the blank form must be defined, i.e.
@ iis position in relation to the co-ordinate
system
and
@ the programming of its dimensions.

The specification of two corner positions is
sufficient for definition of the cuboid. These are
referred to as the minimum point {PMIN) and
maximum point (PMAX) (points with the mini-
mum and maximum co-ordinates).

PMIN may only be entered in absolute dimen-
sions, whereas PMAX may be entered either
absolute or incrementall

The blank form data is stored within the appro-
priate machining grogram and is available when
the program is selected.

Definition of the cuboid is advisable at the
beginning of the program. This enables the BLK
FORM-blocks to be found more rapidly when
changing the sizes of the blank.

Dialogue, is initiated with the —key.

BLK FORM = abbreviation for BLANK FORM {ini-
tial shape of the blank)

The maximum overall dimensions of the

blank are 14000 mm x 14000 mm x 14000 mm.

*The graphics feature is only available with the
Th 1

o 15
NG 1d

Aro Qe

[ = o
JoVEEaIUTI.




Entry of
corner points

Display exampie

Graphics

Cuboid corner points - BLANK FORM

Operating mode

Dialogue initiation

WORKING SPINDLE AXIS X/Y/2?

Key-in spindle axis.

~

DEF BLK FORM: MIN-CORNER?

S EC O

Key-in numerical value for
X-cc-ordinate.

Enter into memory.

Kay-in numerical value for

Y-co-ordinate.

Enter into memory.

Key-in numerical value for
Z-co-ordinate.

Enter intc memory.

v

DEF BLK FORM: MAX-CORNER?

v

G 4-MOq_ €~ 4~

Incremental/Absolute?

Key-in numerical value for
X-co-ordinate.

Enter into memary.

Incremental/Absolute’?

Key-in numerical value for
Y-co-ordinate.

Enter into memary.

Incremental/Absolute?

Key-in numerical value for
Z-co-crdinate.

Enter into memory.

1 DEF BLK FORM MIN X+ 0,000
Y+ 0,000 Z-15,000
2 DEF BLK FORM MAX X +80,000

Y +100,000 Z+ 0,000

The blank is positioned paraliel to the main axes.

PpiiN has the co-ordinates X0, YO, Z - 15.

PMAX has the co-ordinates X8C, Y100, Z0.
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Operating mode
Graphics

Image
projection

3D-View

View in
three planes

P132

Graphics
Image projections

A machining program can be graphically dis-
played in the operating modes.

PROGRAM RUN/FULL SEQUENCE
and
PROGRAM RUN/SINGLE BLOCK

Graphics display is only possible if the program
is stored within the memory.

A menu showing the types of image projections
which are available is called-up by pressing the

-key twice.

The ‘ke\/S are used for setting the cursor
to the required projection mode. Press for

transfer into memaory.

These are four types of image projection.

Program execution is display in a three-dimen-
sional image. The workpiece can be rotated

about the vertical axis by pressing | —» or
tilted about the horizontal axis by pressing

4

The aftitude of the co-ordinate system is indi-
cated by an angle in the top left-hand comer of

.the screen {working plane).

Program execution is displayed with a plan view
and two cross-sections, similar to a working
drawing. The sectional planes can be shifted with

the E‘-keys.

As of software version 06:

The view in three planes can be switched from
the standard DIN-prejection to the U.S.-standard
third angle projection. A symbaol to DIN 6 indi-
cates the projection as follows:

DIN-standard

LJ.S.-standard EB_@_

GRAPHICS
BLK
MOD || orm ' MAGN || START




Plan view 1

Plan view 2

Fast image
generation

Graphics
Image projections

The program is executed in a plan view with
grades of depth shading. The darker - the
deeper.

As per plan view 1, however with 17 grades of
depth shading. The image resolution in the
cther two axes is however, less supericr.

A finished workpiece can be displayed on the
screen after fast image data processing.
The control “develops” the workpisce in accor-
dance with the program without displaying the
various stages of progress.

Only the blotk number is displayed.

FRST IMAGE DATA PROCESSIHG
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the dis-

played workpiece can be reset to the blank form

Pl
BLK |
FORME-

w

Graphics simulation can be stcpped at any time

by pressing . The current block is however,

completed.
After stopping graphics program run

{original cuboid) by pressing

After sélecting the required graphics mode
gram run is started by pressing

Graphics
Operation

t3 4 %

gk
i1

o L

T i ] g s
e

Start

Stop
Reset to
blank form
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Graphics
Graphics start

Starting of Operating mode

graphics

Select required program.

PROGRRN RUN FULL SEOUENCE

EEGIN FGM 306

ELE FORM O.1
Febz
ELKE FORB

v

Select graphics mode.

v

Call graphics menu.

SELECTION=ENT ~ END=KOEMT

IMRGE DRTR P
IEK

PLAN UIEKW 1
PLAN WIEW 2

_

Set cursor to required projection,
e.g. 3D-view

v

Start graphics sequence.

2= 4
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Graphics
Graphics start

Graphics stop/

start Stop graphics sequence.

___

Re-start graphics sequence.
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Graphics
View In three planes

Shifting the

sectional plan .
planes Stop graphics sequence.

v

Shift horizontal section cursor
e.g. upwards:

Either press several times

or move section cursor continuously.

Repeated pressing of the —key enables

faster shifting of the section cursor.

v
Stop shifting. ’ STOP) ’

v

Shift vertical. section cursor e.g.
towards the right:

4

Either press several times or move section
cursor continuousty.

Repeated pressing of the-key enables faster
shifting of the section curscr.

v
Stop shifting. ’ sT0 ’

4

@) (6] 1

!
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Graphics
View In three planes

v

Start graphics sequence

 P140



Rotation and
tilting

Graphics
3D-View

Stop graphics sequence.

 Jii] 4

v

Tilt image, &.g. upwards.

4K

v

Rotate image, e.g. to the right.

&S] 4

v

Start graphics sequence.

&l 4
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Magnifying
function

Limitation of
workpiece detail

Definition of
next limit

Entry of
selected detail

P142

Graphics
Magnify

The magnifying function is used for enlarging any
desired detail of the workpiece.

MAGN

A workpiece detait is limited by means of cuboid
frame which appears in the top left-hand comer
of the screen after pressing )

The hatched face can he shifted left and right (or

forwards/reverse, upwards/downwards} with the Yo

-keys.

N

Continuous shifting is performed with the -

key and stopped by pressing istorl |

Ty
Y

N
N

N

The next limit {right-hand face) is defined with

|

By doing this, all faces can be selected and shift-
ed one at a time.

The -key enables a return-jump io the
previous face.

After defining the last limiting face (upper face},
the detail can be entered by re-pressing

and finally.

The display then shows an enlarged cuboid
blank of the detail. The magnified detail, com-
plete with contour is ¢htained with a graphics
run start in any one of the normal graphics
modes.




Graphics
| Magnify

Limitation of
detail and
magnification

Control is in the 3D-graphics mode.

Select magnify-function.

v

Shift left-hand limiting face e.g. to the right:

Either press H repeatedly {jogging) ’ }
v

By pressing several times, shifting is
accelerated.

v

Stop shifting and enter

T0

v
v

v
Select next limiting face (right) - ’ ’
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above. -

Shift this face and remaining faces as explained

»

Once the last face, has been shifted
{upper face):

Pt D

TRANSFER GRAFHICS ODETALIL

v

TRANSFER GRAPHICS DETAIL

v

Start program run

.t

Workpiece execution is simulated.
The display only shows the datail
which has been defined.

MAGHN
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Program run/
full sequence

Program run/
Single block

Feed rate

Spindle speed

P146

Program run
Modes

In the operating mode "program run/full
sequence", the control executes the pro-

gram autoratically until program end. Program
run is only interrupted if a "stop” has been pro-
grammed. Only in this case, does program run
have to be re-started.

In the operating mode "program run/single
block", the contre executes the stored pro-

gram block by block. After execution of each
block, program run must be re-started.

The programmed feed rate can be altered

@ via the internal feed rate override and/or

® via the external fead rate override of the
machine.

This depends however, on how the control has

baen adapted to the machine by the machine

tool builder.

With analogue output, spindle speeds can be
varied via the spindle override.

INTERNAL
FEED RATE
(OVERRIDE) KNOB

SPINDLE
{OVERRIDE) KNOB

EXTERNAL
FEED RATE
OVERRIDE




Starting
program run/
Single block

Program run
Start

Felasdbaag il s i R een e d vl d
LR Emesthnscus

5

Lt

e

i 3 it

: cLEasioien:
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Operating mode

The first program block
is displayed,

Execute first block.

v

The second program block
is displayed.

Execute second block.

v

Starting
program run/
full sequence

Operating mode

The first program block
is displayed.

P

Execute full program.

The control executes the program until a pro-
grammed stop or program end.
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Interruption

Termination

P148

Program run

Interruption and Termination

If the control is in the Eﬂ-mode {program run/

full sequence or ~mode {(program run/single
block}, the program can be interrupted at any

time by pressing the external stop button. Pro-
gram interruption is indicated by a flashing % -

character (means control in opetration) in the dis-
play.

Before switching over to another mode, program
run must be interrupted and terminated {excep-
tion: program execution with background pro-
gramming.

This is performed with the external step-button
and the stop-key of the control. With interruption,

the #%-character disappears.

Upon termination, the following program data are
stored:

Tool last called-up

Co-ordinate transformations: datum shift,
mirror image, co-ordinate system rotation,
scaling

® Circle centre/Pole CC |ast valid

@® Canned cycle last defined

@ Current status of program part repeats

® Return jump address with subprograms

e na v
it

5
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5
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[k
.
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STOP

CALL LBL 18 REP 20/20




Interruption of
program run

Program run

Interruption and termination

Operating mode

The running program is o be
interrupted:

Imterrupt program run

v

The display character % flashes (control in ope-
ration).

Termination of
program run

Operating mode

@OI’

The running program is to be terminated:

P
v

Terminate program run

Interrupt program run

v

Display of the #% -character ceases.

s
preseny
'ﬁ%-mm S50
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Emergency stop

Changeover from
“full sequence
to single block”

P150

In an emergency situation, the machine and the
control can be switched off by pressing one of
the emergency stop buttons. This is displayed by
the control with

For a new switch-on, the amergency stop button
must be turned clockwise. Switch power on
again and cancel display message by pressing

CEJ, After backing-off the tool, cperation may

continue.

If program run/full sequence has been

sslected, a changeover to single block operation
is possible during program run. After execu-

tion of the current block, program run is ended.
Changecver during subprograms or program: part
repeats takes place when the call-up or number

of repetitions has been completed.
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Re-entry

Error messages

Remedy

Program run
Re-entry after termination

A program can be re-started after an interruption
or termination. To prevent workpiece damage,
the following provisions must be made:

@ the tool must move to the position it was at
pricr to interruption;

® the program must be re-started with the
block in which interruption took place;

@ if the tool has been changed due to a tool
break, the new tool data (tool definition)
must be entered and the tool is then re-called
in the MDI-mode. The workpiece must then
be touched again by the tool.

TOOL DEF AL... TooL DEFAL...

2..-

R..

@ the program has been paged after interruption
oy [t
® nc block has been addressed with .

® the program has not been re-started at the
block which was interrupted.
the following error is displayed:

= SELECTED BLOCK NOT ADDRESSED =

The block which was interrupted is 10 be add-
ressed by

L pressing or E} or

® pressing and entering the block number.
)

ana
il

1
5
ErE e

= SELECTED BLOCK NOT ADDRESSED =
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Remedy

P152

Progr run

Df\f‘\
UI

‘<~

If, after interruption of program run, a block is
inserted or erased, the cycle definition last dis-
played is no tonger active. With a new start, the
following error is displayed before the cyle call;

The last cycle definition must be executed before
the cycle call. Addressing of the cycle definition

must be made with the -key!

_If program is re-started:

® with an amended incremental block or

® with a positioning block with only one co-
ordination or

@ within a canned cycle,

the following error is displayed

= PROGRAM START UNDEFINED =

Either the program must h e amended correspon-

ST D amenged VRS

dingly. or a previous block is to be addressed via

GCTO
O |-

SECEERSECWE.

Pty 3
Tioteteshite. et li

= CYCL INCOMPLETE =

GOTO
O

CYCL DEF

= PROGRAM START UNDEFINED =




Screen
display

Procedure

Screen
display

Program run with background programming

The control permits execution of a programm via
and simultaneous entry or editing of a
further program in the |:‘<>:|—mode.

The program to be executed must be called-up
and started {operating mode@)yAﬁerwardS,

: the program which is to be compiled in the -

mode {or already stored), is defined and called
see "Program call”.

Program entry is shown in the upper half of the
screen and program run is displayed in the lower
half. Contrary to the normal display for program
run, only the program number and the current
block is displayed. Position data and status dis-
plays {active cycles for co-ordinate transforma-
tions, tool, spindle rpm, feed rate and auxiliary
function} are displayed as normal.

G4

i
J

%3

PROGRAMMING AND EDITING
T30 REZIy P.R_. RR.MNCT -
X+24,000 Y+l2.008

58 CP IPA+728,E68 I1Z+68,B60
DR- o Fs® M
55 LP PR+29,808 FPA+170,000
R F H
68 RND R1B,898

--- PEM 2013 LOCKIS ---

ACTL. | 285, 738

% E + 120,888

22,659

8,eea
ROT +20,0800 ,B820888

(o X - 35,009 3,800

T1 2 5 281 HO3

DATUN

P153 |
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Dialogue
initiation

Nominal
position value

Tool radius
compensation

Single axis machining

Programming via axis address keys

Entry of single axis positioning blocks can be
simplified:
Entry dialogue is immediately initiated with the

axis address keys B’:I .

The co-ordinate of the appropriate axis is entered
as the nominal position. The numerical value
can be specified either as an absolute vaiue (i.e.
referenced to the workpisce datum} or an incre-
mental value {referenced to the last nominal
position).

In both cases, the tool moves from its momen-
tary actual position to the target position, in a
path which is parallet tc the selected axis.

When programming, the tool radius compensa-
tion is to be understood as follows:

@ The traversing distance is decreased by the

tool radius, -key: display R—.
® The traversing distance is increased by the

tool radius, -key; display R+.

® The tool traversed to the programmed
norminal position; disglay RO.

If R+/R- is programmed for the position of the
tool axis, no compensation is considered.

When using the IV axis as rotary axis, tool
radius cormpensation is aiso neglected.

9 X

‘Y

& -
X
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Single axis machining

Programming via axis address keys

Single axis positicning blocks, which have been
entered via axis keys, may be inserted between
positioning blocks with RO {no compensation}
which have been programmed via contouring
functions.

WRONG

16 L X+15,000 Y+20,000

RR F MO3
17 Y+40,000
R- FIOOM
18 L X+50,000 Y+57.000
RR F M
CORRECT
18 L X+15,000 Y+20,000
RO F M
19 L X+10000 Y+10000
RO F M
20 X+40000
R+ F M
21 L X+50000 Y+20,000

RO F M




Single axis machining
Programming via axis address keys

Entry of Operating mode _
single axis
mo?rements Dialogue initiation or or or

POSITION VALUE? Incremental-Absolute?

v

ed | B @45 ©) I 5

Key-in numerical value.

Enter into memory.

v

TOOL RADIUS COMP. R+/R—/NO COMP.? ’ R

If reqd. key-in radius compensation.

Enter intc memory.

FEED RATE? F= } If reqd., key-in feed rate.
Enter into memory.
AUXILIARY FUNCTION M? } If reqd., key-in auxiliary function.
Enter into memory.
Display example i In block No. 119 the tool is moved by + 46.0 mm
19 IX +46,000 paral‘lel to the X-a_lxis plus the tpoi radius. The feed
rate is 60 mm/min. and the spindie rotates clock-
R+ FB0  MO3 wise.
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Playback

Procedure

Tool radius
compensation

P158

Single axis machining
DIQ\IhQﬂI/ Y'\I’f\f‘ll’ﬁmmihf‘l
I 1dy AV PIUHICIIIIIIIIIIH

If the tool has been positioned manually {hand-
wheel or via axis key), the actual position data
can be transferred into the program as a nominal
position. This type of programmmg is referred to
as playback.

Playback programming is only advisable with
single axis operation. This type of programming
should be avoided on complex contours.

The tool is positioned to the required position
either via the electronic handwheel or the axis

key. In the ~mode the actual position value is

transferred as a nominal position value by pres-

il o s =118 L

smg -

The actual position value already contains the
length and radius data for the tool which was

used. Therefore, the compensatfon values L. =0
A D el | T | L R P R S T
afign = v IlIL.IDI. MT Glilciou IIl LT LA \JUIIIIILI P

When programming positioning blocks with play-
back. the correct tool radius compensation R+ or
R- or RO is to be entered. In the event of a tool
break or tool change, the new tool data can be
considered.

POSITION VALUE?

TOOL DEF

L
R

0
0




Tool
compensation

Length
compensation

Single axis machining
Playback programming

The new compensation values are determined as
foilows:

R = Rnew — Row

R Radius compensation value for TOOL DEF
Ruew Radius of new tool
Rop Radius of original tool

The new compensation values are entered into
the tool definition of the original tool
(R=0.L=0}

A compensation value can be positive or nega-
tive, depending on the radius of the new tool
being larger {+) or smaller ().

The compensation value for the new tool length
is determined as per TOOL DEF. In this case, the
"zero tool” is the original tool.

TOOL DEF TOOL DEF  TOOL DEF
R=0 R=+... R=-...

<y
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Single axis machining
Playback programming

Entry

Operating mote

Example

Dialogue initiation

Traverse tool to required position.

Px

POSITION VALUE?

©
&
@
s
c
=
=
2]
ot
a
o
i}
2
oy
oy
o
=

Enter intoc memory.

in radius compensaticn, if regd.

Key

TOOL RADIUS COMP. R+/R-/NO COMP.?

Enter into memory.

Key-in feed rate, if reqd.

Enter into memory.

v

4

FEED RATE?

’ D if reqd., key-in auxiliary function.
b 4

AUXILIARY FUNCTION NM?

Enter into memory.
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Positioning

Tool call

Feed rate

Spindle
speed

P162

Single axis machining
Positioning with MDI

The operating mode "positioning with MD[H

permits entry and execution of single axis posi-
tioning blocks without transfer of data into the
control memory. After entry, the block must be
immediately executed by pressing the external
start button.
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If a tocl definition TOOL. DEF already exists in the
control memory, the appropriate tool may be

calied-up via TOOL CALL in the —mode.

The new 1ool data is then effective.
Tool call is executed via the external start button.

The programmed feed rate can be varied via the

® internal feed rate override and/or

® the external feed rate override of the
machine, depending on how the control has
been adapted to the machine by the machine
tool builder.

The programmed spindie speed can be varied
via the spindle override (oniy with analogue
output of spindle speed}.

TOOL
CALL

FEED RATE
(OVERRIDE)
KNOB

SPINDLE
(OVERRIDE)
KNOB

EXTERNAL
FEED RATE
OVERRIDE




Single axis machining
Positioning with MDI

Example of Operating mode

position entry
Dialogue initiation or or or

POSITION VALUE? Incremental/Absolute?

Key-in numerical value.

v

TOOL RADIUS COMP. R+/R—/NO COMP.? ’

If reqd., key-in radius compensation.

h 4
- Enter into memory.

1]
h 4
L]
v
Enter into memory.
H
v
&)

S
RL
D

FEED RATE? F = : } If reqd.. key-in feed rate.
. Enter into memory.
AUXILiARY FUNCTION M? ' ’ If reqgd., key-in auxiliary function.

Enter into memory.

|
) 4

€
v’
BLOCK COMPLETE ’ Start positioning block
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Exampile of
tool call

Single axis machining
Positioning with MDI

Operating mode

Dialogue initiation

‘TOOL NUMBER?

Key-in tool number.

Enter into memory.

v

WORKING SPINDLE AXIS X/Y/Z?

Key-in axis, e.g. Z

v

SPINDLE SPEED S RPM =? } D

Key-in spindle rpm

Enter into memaory

v

BLOCK COMPLETE }

Start too! call
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Machine
parameters

Programming

User-Parameter

Buffer
batteries

P166

Machine parameters

In order that the machine can perform the con-
trol commands correctly, the contrel must be
aware of the specific data of the machine e.g.
traverses. accelerations stc. These data are
determined by the machine tool builder by using
machine parameters.

Machine parameters are entered during the initial
commissioning procedure of the control. This
can be done via an external data carrier {e.g.
ME-casseite with stored machine parameters) or
by keying-in the values manually.

After an interruption of power with either
empty or missing buffer batteries, the
machine parameters must be re-entered. In this
case, they are requested by the control dialogue.

Certain machine parameters are accessible when
using the |wop fmode; e. 3. for switching aver from

HEIDENHAIN plain language to the ISO-program-
ming language.
The machine user-parameters which are acces-

sible via are determined by the machine
tool builder, who can give detailed information.

The buffer batteries are the power source for the
machine parameter memory and the program
memory. It is located beneath the caver on the
control pansl.

If the message

= EXCHANGE BUFFER BATTERY =

is displayed, the batteries must be exchanged
(the batteries last for approx. 1 week after display
of the above message).

|

AN

aono an
o
a
o
-]

0 Qbon of

o 00O oo
q o oodo o0

< p cooo oo

Batiery type

Mignon cells, leak proof
IEC-dascriptien "LRG”
Recommended: VARTA Type 4006




Entry via
magnetic tape

Machine parameters

N

Switch on power.

v

MEMORY TEST

The contrel checks the internal
control elecironics. This display
message is automatically cleared.

EXCHANGE BUFFER BATTERY ’ Insert new buffer battery
h 4
Clear messagé
OPERATION PARAMETERS ERASED ' Clear message
MACHINE PARAMETER PROGRAMIMING
MACHINE PARAMETER MP Q?
MPO: O ’ Insert magnetic tape containing
parameters

h 4
Select operating mode on ME

v
&

Start external data transmission

v

MACHINE PARAMETER PROGRAMMING
EXTERNAL DATA INPUT
MPO: O

Machine parameters are
automatically programmed.

v

P167 |



Machine parameters

When all parameters are entered:

v

POWER INTERRUPTED } Clear message
v

NC: PROGRAM MEMORY ERASED ’ @ Clear message

{

RELAY EXT. bC VOLTAGE MISSING ' @ Switch-on control voltags

(

Finally, reference points must be traversed over.
The contral is now operational.
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Manuel entry

Machine parameters

—a

Switch on mains power.

v

MEMORY TEST

The control checks the internal
control electronics. '
Display is automatically erased.

{

EXCHANGE BUFFER BATTERY 4
v

insert new hatteries.

Clear message.

4

OPERATION PARAMETERS ERASED ’

Clear message.

4

MACHINE PARAMETER PROGRAMMING

MACHINE PARAMETER MP 0?

MPO: O 2

&) I

Key-in machine parameter.

MP 0 according 1o table.

Enter into memory.

After parameter entry, the display automa-
tically shifts to the next parameter.

Press after every parameter entry.

When all machine parameters are entered:

(

POWER INTERRUPTED )

Clear message.

{

NC: PROGRAM MEMORY ERASED ’

Clear message.

{

RELAY EXT. DC VOLTAGE Missing P (1)

Switch on controi voitage.

{

Finally, the reference points must be traversed over.
The control is then operational.
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Machine parameters

TETYIRT ey
Siieaips s
=T CREgEiaTory
- maEiesin R EPnsBeas g
AT aRidee ek vam s ey s &
R s T e E Ty Biz i teddd prreveiidy
Feimpatbofessy Gofy AZRLETLSZLITIERREY simn sraEEres b Seifsganye
TETETELE Shtheannal IEIEEG 4 b 533 3
e T R e L T R SaZRT ememassdigDiiTifveiaves s Gonn g nes Hih B EDEE g b
wﬁ@w&sizhwhw»wa t»mwwﬂs@?*”é‘”@'%*%‘aﬁﬁﬂ& BEBRIBYESpy o 3 «&qwt«x«wﬁ§?'§’§lmk$ g o S 3 o 8 PREBHG P 4 oo
Eerpiprabiatiiaanassinieey Edraoshoneraulsssan] beh e s et E o s i f 1 ¥ 441 LIt ired
w‘ﬁﬁ&}’&ﬂﬁ'%!ﬁ BEERIE LB wangy. B B 3 SR et B 15 0 ot 7 05, B drdp o 5 g E 3 BE R BEBE ABDO e
BOS G Siomeg by oo B ES Ry iy Yo A 5 O s gy ¥ % o R g 3 3 A g & Fhe. . DEWRGHE by
BaEE E’M@‘tﬁﬁ@ﬂﬁ&«é;&ﬂy?‘ﬁ’&’ g £t e STBRBH R 1 g o e # Feémg. B g EREFHEFEEFH mma ?t&ﬁ&!&iﬁvté
‘5’3"*&ﬂ'ﬁﬂm-&wwaw*ﬁ‘%mmw“WQ@ bt d 3 B3 R Btk R 55 BHSB. # #, EHEEE by, B 5 e g B Bt
Lo apsiissent FEoiintaenieaTiaE LAMRICIN [ it esd PECTEres bo i S SALroEpETeOmaLLELSTE e sy e gy =
b4 &*@saﬁgﬁﬂwmw Sieh Skt 2 B 0 b g R et m ooy B R BT e Ewke i aae:w”azgw»@v@"vumav‘mv&h?‘w&hwﬁ(*ﬁ #
kS o ik db b e ¢ o4 S el T B gy BELDRELB Dbt XLy w‘vt&‘wtwn&n&(v«;s&&t T 1) -
i el e Al 0 i Firted B H g i 0 BT S Gk D i i bEe ST EITE I ReRsesdiad T 1 Fhdn sy no
3 '&B#&’;g*" 93& gt ey ] W@*x&ﬂ&'ﬂv&m:rg: :“”;w g e i | o y“w:::; ;:z;;z;g"*;;;W:ﬁ:r?iﬁww@dﬂ:’& veu:
i saphl REEESSSasan Sessioins b vd H gaisiead il ndunn
! R daril T Lt i SR inrehisliiiiridneisiitianiin g
¥ e ion Har s H SEEmasREitrELeny £ Egpreiliereclifupeiisibireradiaiing =
e Epeer b 3 3 i S5 ERSEEERY 2y STIEPtH 945 504 X et vt TTITIRAL
p S bt Fesertrars MRS L vl Saawh  mupait ST R R TR T R
- A e S g *ﬁﬁ%'&‘wquw.ﬁ&wmw # b Thoae Bt thg g SEE B8 L kewByme Eohun. e
idi o o= B g ot L REER R FEIIeLET. SosdincesuiaiiLigrinesril SrpdzrsiiRUifistazeees
ot TeEL Lttt gy SPEEMEE LTl E 2Ty bbby GaiBEeNy  papugu BIUBeNE hok 84 g 5 S LELTT TIPS il
'@g@%»:hw‘gﬁwumﬂ&»@ A 890 0 gy e g BB b B8 g 15 P B e BTt b i
RS e s St R E D i s CERE PrdenERy RLu oo rY Pieheih Ll Fedeama st s EERERIT TSI T T
P S 6 5 Y s i o i i g L G G A e SRS S UGG K e b
S R G B HR 0 Gt o g i3 G g s o Preuddwrordan,
MRS G o bttt bt b d s Lot T 4 B RS E R B b gy 4 48 b sl
3 y Petinig b4 “hoavacunl b car A GIREERE SR s ST I TS
T sﬁm Sk 1 F3E3 P hw b ohmmi £t 1 SRS T T ET T T habm&ﬂwxw&u’a&&sa&»gﬂ
e 2RSS Set TR gad s Ry TR e FUR L PR Fd Ll TS
ok S SREETIELEEL ey w1 i3 3 Einaa SEhusingaiiill
; T AEEEE R ana T L SEYEIadeaaagsiltiel £ed FEssarsgaiey ool PRI bR, - i
o SR i i e T 6 8. 8 8 54 s B wlige Bawa R B N- ww»mﬁ«&aqu{nm\x&qgm
TERhn, & g3 EE et i enowiil 1Ay TR Srieihedanitiniaiate iyl
BrEbsLmita oy O i D3 s 3T B3 5 g M.‘xwmomw-agmmw&.&ﬂ,ﬁ
" Zogwer pnbdlIESOERS o ; ) ; F SRt igesed
Gispsbasanity: FRo0deas 2 srataiedniinee Rle ST
EEhe s 54 a LT T cruniiitEemey SR Pt b rinsd SEEiFEarannoropaiain
FEsTTTTY Y [T m bt taeiity e ngd e SR I TR e TR IR FREET
Brwranal 2 [ b4 11541 i SETEE Fmeren §7 543 g L e R
Sl caiey s bUEEL Thibans e satasois f 3 EyiireetiRalitinnasadvanys e
St et kg o) B s ¥4 TR B i PEY e & TR 68 mha e f e
Lt LI g ITTs ey b grervrebRERERRl  pIVIRS 2 T i S T
JTeReRREELas g i Soetiiny FIEE 444 pxt g T HA R R L I S L e T T T
Liirrmpmipessiy IF el 5 B Th S L e 55 s ps P oy dpe s a LY REIRS
fecsihomniel AT AE s Samehh el tr T 2% Shiniizmarens =1H
ity brovsnannn SEEEasLLIIITE R4 SELEEEIED E SR T LTE
: ez 3 b & pritssiisd ity e = FepiilzaliniiiLysioraans
St e 3 ash sigenen SR ST e grmenivaiaan
RS [ b4 EradadTaaty EEELT SRR A i ATt Sl b it i R S :
Srero Smmagii foRfeses ndWMHLC IO T HEE o) peispl S
P R 3532 8 R ke s il G- Bk B BRAPREEBDE By e FB ot b EERRE B g g BB G s
b £ P a% Grpaalidbns Tt Bl eersnediiiiing susfodiistabes
4 = [ #4 Srasioatifreties ; 5 BIRERATTREAS PEERia e T
4 o ke B5 g oaTTrTTr P 3 EresarrEsapRllLRTEETRAbesRt LY :
b dhaid g bk R e o o . BABRE Dwnown & uomy b4 4 B BT m R IS SE SETTITY
§ ) e SRR el 2ede vy a3 YaEats
a i = 33 SRR RER R r ey peds Sariimedesasuaiiiisrietelagaty
Pt S : 4 L e e el Epgar e s T
e e Preay besedeby S ireiives 3 [ile sttt teiia SIS aig £
- o 22 2 T, by LTy ss
Lt asumy 2a0l Y e It fspszyoibitioteitniaassr: YD b STLR LR e TS
i sty it i Wae T Baagy (8 - 4 Srrssreasiiviapreanaeids " CF TITM S LRI LT FTT IS Seeaad Pl ed
Fs BRI EtEBE by bayas T L DSEERY i3 Ck B EE TR E B8 ey & Tontaasas SoF B B8 G o Bhtooasupinanl it SR NEean
% R IR S i, s ah. ErEsnTEimmessroiagone 2 e S e e b g T i <
b TN e wka st S RVETE SRR ey T 3 BLiErANSYIaciLsisisEerel EehtSertiibl Dol BT R Seat R ESTITT I AR
H 24 Fhidas L ETESEAES b ) & oL s EL Ml STt It Re et d e e AT B Ay iy R I b s i g ]
} SeL e s i CriwrRiIiiiiizs @ o R e e st T R L T e SR T S
bt e P Grressaas o 5 tEsbada i b ree iy = TR o2 bR b PSR e s TR
FERYTES s BintesarieLais PXrEivdsy TIIECRIWERLII SRLSUCTE ihgs P 5 ol 34 PRSI e b s bk S
1 EF D . e B o e 0 e e i LT T REERR NS oD, Fridessgy. VG2 i i &3 BEELE DAy WG
s speeeEiURRRI R r kel Y T & 59 TrReRiRiLanaiiLELeNeRL Sermpisil (givAds PR R T A B LT I B
2 iXitETes] EEELT YT L L 55 TiruagsyaRlelitotieny R pATTI i an skt sema R TERIILERY seIivaniy
& meBChEL hIRTTIEE ey sl s Uk i rniae v os SRmer % (S i e R s PRt *
e e H e Gencauad: JHNFIe - LT GahfEoer v Eikhe 1 i et IR T Sy
2 rELO L T R F e S L LTI T FERRRETIT T FEER A TREGET Dk amn gl Dl
£ fes Liiirsteaddi L iR oo b4 LTt ivi b enaty ahigr i R P R R S P
s by e wa B % YRRy = b b - TR FrisEiiomaestiiinitinany T asRRasNEY
it i L e e e ity a < wd Al w LEBGE amn  RUEENTE BETEE R n s oLt iiEs ZEesrrhidse g ey
Ers e RnasnT R e AR IR ER e pe ek FERE L v diy b e Ittt dd Rt 2 e e aE N pna e BB 3 At Jufiiin
£l il R R R B RTS T ifeserian, D00 IZEcsoay e A TS Pt e e by R T T b4 e B ST LI T i s LT
i 2 el EuEEouny L3 &3 e e e e e L T . R e R T R
8 5% 35 FEEDER oS g 3¢ B R e LT B ERG by BB gl o Bt eme B w0 BB BRI B
IR EL R e e ie 22 i i LS b - EEREanemi ey 3 4 e TR TPt b et ST T
SeRRisgianiey RIVEER TErriabusi3iniLioteaecesasitiiirr 1 1 SRaliifaes Tistatunanal
b fE ey s S oy e e R MRt g Ty T Bhravay 5 LERr iy s LTI T e
TETrn Toliatew e e SN R R e e 1e e TIREY i &7 SHugraanon BIRRERRAS e el by
Bl o o L $ 3 % R B RB Y F R me e - S3EITY & 'Y B B b g BB B Py s
i ey 2 St it uentli f 5 St et T SR T s
Ervas  band r TEIEE Fiinai ¢ SRy DR : Y R LT T Y
i o e o SR sE s S TR i T EiamiiEteestebral sl e rina g
SSEETELTICTIE %é : E et Tt T L] el ke Srpfieassiizeieses GolREabarasiil
T8 £144] R TEITTT 13 [t eSS his pi P i S AL aY Eo)
BEifsiirenie ] Ry e T 3 TiTiranisiiin Bieodil
ELidineeienia s LETT IR s wid Loy e I
AE el it et 1 et et Byl LT S R R S R LRI T
SEnd e by 15 B £ adas il T e
Fredies et 4 SR tinieans L & rea ittt eteesrd P et id
Fikis iz&fﬁg: bl 55 e o e ad - &t 2 10, A SN DB Pk g <~w'w$:uwo o4
P F3as pERSIIinoEY w & P & L T AT T
il Speacebocast e e e SRSt R ST R I ¢
- £33 2 6t g 4 3 B s b d BEEEE 08t g AP 0 et R B R b
Sias P sseitands bl p SELrrEITiUEliiiiel LA b B T I e LSS Te T
el R DR B 4 b - e o 232 e g b g o 5 BEBA R RS # BERG W a st ey s
s 4 5 i Ty GhemiarurirrarEiLaiiyiivened Ehpsge figre S = FEESITTT L P T R
{ERii e TrT el Trgmesd SaaTEaialy SeweolRiIEEoNas eisriatiiiy Frapiftiiliiiiecoeaiend 5
it b i ka i T %5 T et MR e e e e
O R T s §23. st ey Lt sraiutl Smearyes LR e s R e 2
1 R g Fednrencnil TRTEE RS e 5 ShdsaEnshesi ¥ Lt 5 15 50 2 o e s 45
Hlneegefiaianaialintiesueciaints asisg pr Ty BoamardyBTEYE o] 3 T e xs Srareriin;
sadalpliode it Fresnsterazoion 3 SaBehual 2 DR e e P BRESERL]
= i FEER e R AR T IOR R EH A5 Sl e Tl e b EY sEnrrrrrrre e ¥ et e M e S
Cea iR AR e eI e e 53 Fianred T crhedlEl g 53 Priaieanaseapasiniis AT
Bl e s e B R R L oy * I arTTETIvasy F
P R e s Sl = slsaly EEETE mp g L i S ERETE e 5. - b
S e St Ve i EREIET i PR R e R L T SpRiiinitaspetie
EL ke i Dt : e = ax g SEypmEErnsa TSR EEEREd b =
[EEEE I E T EiEIEEERT S RS EEETTIE FRRTRICaTiE ety b SRisiirsEess  EETITTETTse ]
B a1 4 5 Adiaag Feba t e s T S Ivas il BEEE G we Bhy  LE B3 i g s EESET T e S E L T T E RS IS
FBEE G TEAE B A P e s b e T RS o S g L Ly R g i AR beTI Tyt s iy
CELETo a8g FERESusnay Epi LTI TTIR Y Rl t LTt eeat Eabanh EEERTass
ZowsiisEiaon EriTiiie g BRI T B Srrg FErRirEgRes :
[t bhbegg s [aftiiti i L S e T Braby 5 1 2tsveise i 331 EET LI eveay
BT B LGl E B 4 s T bail B 3 3 gy BRD Y H by 5o B 3 3 o 3 B B Rt an e by Say e,
S S S Bt DY 1 o hahL B et rstrshiad i e g T S S 2 S sr LT SR RSP E R e e
S T R R PrEreie iy Feiiaiae o b3 Bainsaroogtatishrteras Lyn T ERERESEIEL
Lpses Brmaas LRS So e HeaRiusassiiTIIIoEY % AL Eas i ee s b L T :
Pt BiSssarade s LETERRAa BT ShrEERRRRRLlioiliois 1 £ SRR T
o g d puseiiiges T iR iTE Ty rugrasud; fdMe e ST S e R T
FRre sty o TRor B3] b b S SreesrnanSalitthisaranaty
Sruen H Euns ity Tive: & 5 iyreeety SeTmENE e i iR DL TN TERER)
P S e § ety S EO e g g Eadwi ok » L ST LI TS e a 4] s
L LiETEI RNt e bl L] I v sinpewokveatsiiltiny 1o Ty
S Foasaow et 344 £ 333 gaatrunBi LT ebMles EET LRI EEET R T TR
P 38 e 4 S S T B @ L2 B 438 4 s T & i 208 4F 8 & * FHWP Gk g FEEhh ey D
ST e % FEb b ads GRS S AT L T Taiy ErasEgslniiftisensssat ot
7 wan SEsirdas yeon L or L LEn BEa 25 Thisas wasgi 1o i cen Sy itEssiTess et
e i s o S HEER S ST Srzioethl GIARE RipsoiRares Sl
FoiMlEE EhahsiiilEe T T SELRTEE FrreyranrsIisBEEb iy ans i R TTTT s 44 3 Senncac
R 8 b v 53 4 8 4] S T s EITTTY & B P ﬁw’ﬁ!lﬁ‘&"ﬁ‘i’w‘@‘ BB ym o
LS A B gy 0 mBy Fmn L] F3du an RENE g ey L8 BREBE gy BEdy gl sy L e S EE
B N 68 4 G B s DRREEREEED g e TR B & BEBLEPh g 3 ) ERERB Lo vt 3y B T e ST
3 SRASE R e amarans Res Rl pa e T wia ppihaiat . P funas e i E s L A Fig¥eaty I T F I ]
odsiipartisitaaniati iy e TT E Foisans 4 LERnaRE B T T e
B Wi S e @ik a ceRrO it isiiztene sigrsy e e et e M S et
T M&'%ww*is”?*w?@‘&*& B SREBOoGE. ‘x&g r Bl % TS E pan = LT G E B o - HEEE R BB D phme B 6 B b B8
% asdEitreebontypny talotiie sk snans Prigosd o e b FE LTI e SeRETINi 5 x reaviifiRgipees AT
B £ Er reey B BB RGP btk o e g Fépe, ] 84 U B o 63 EXRBRPBEP & # X L EEY e i GemvEAwkm Ay BEBE@p g
i el I 3 2 FEOPELsRL L L naE b s ) s PSSR R 3
i EERsspa it TR Seatene i e Fizesiree e Tairek e e
£ BB BEhgy: 9&‘“’“*@‘3&&‘&3&‘&*"@‘ AR it - 28 bt LTy S idyd B RE B I3 s B 48 awﬁ@annn»myavt&w s 5 i
o gx@kw&ﬁw@sk&i;wﬁw-&»w’e&;w»& it Eitiedy P I S E TPt eee 11 LS S LT H W 5 o SRR
Bl 5&‘&*&-&#$$”‘568¥8mﬁwmw* rETTR LT 44 4y 43 B o @ - & EIER R D o FRBAGH Gt
8 2575 $h A 3 - o R RS (B4 B gf LEDES R BB R B b5 1o b g @ & & £
R ae SR SR tAEBuE b e 0T S DE Y e S, T eryl 3 B B o SRiisTyveluiUsinsaTEas:
g Shaeimesiesiac Lo RRREIE Y A IITITY SEHEEE L. = (irer s i i BEEaT il itp
; ’; 5~@Q§g%*&ﬁ:¥ﬁ’%*@!&ﬁ%k&xmsm’*%ﬂ”& e 5 ao:v&om’m e &3 ;:g : Smi :w rams. w@%ﬁ gy 3 . EnaTe
7 A SR s b 5 bR Se sl bR eIt 2 2k b i
Ui P bt b L STl A eI e IREEFEECICEPE R BT eI R TR A Senagan Lak et
g Fiteas I Y el TR e - ¥ e nabiinoail Th i PRIrretada bl i T ats Bood
b EaMEnEEN aEnncn s hny aoag ET o8t LT T e r e E 2 i AL ST L EOe 2oiil =
2 frriori i it et S R S e T T I s S A sespeaRIiior LY T IITIr Y] TR
ki fie s o s o g Eranwe Rt T, L & Tiress e dining 5% e ST e A S e p e peakedd
b4 T R T ] T Firbe il ottty T tereli R LI bt e Tt a b
K i Firhb b T EeE STimiereaaenst HNIRIRG . Tl e s R T AR RC i raaitiit o T =3
= 4 e A g i 6 i A 8 e BIRBE R gy
it e o g FeverAnan T paat ! - x b
B ALt ol ¢ had ttresverhy S e it ereedd (S FT o
el e s Ml ettt e L e I I
i e 90 5 B B4 8 5 g ¢ 5 3118 18 S 1 i FORBET R By *, by B 30 iy SRR B PR T R e he n g L
: Soliiineesce cer Sl ERR s ey = P e R E FAVAEE g e s 2 TR G bt h oG
b b CaTHDE ST T FEEE3 gy . $11 G STebbbrlTred Peish it Pt aa b o e S 5]
CErTTEY SEns s as gl RLEgly © EM a 7 M Shoinas Beyrsanialiinesiasessyl
BTt s uniy 2 BEpes L e BGRE § M $-5 b 9.3+ mxcﬁvamd;d_
s 4t 5 SR 13 §d b s i ﬁ BTG RAR Y by B2 B ERAB N L A s - «w»e&c\;:::g:gzi
i, £l (i e P bl SRl BTy o SETITITITr e mawey SRS LTIt ey Skrafifeeakel 28 PR TR TS ErmmmpaaR i L Ao w
e FLEET T pompnniiatinie sobenanl oL atay > LR 3 %“’ A0 S e dat s he P LT
i SEIRRiIiiiaEsaoach ettt iiiies TR CELE i BT AE TR Gy a s b EoERA G BRI TEDY LTI
SEERST R s ias e el i & T FEEEEEET EEgrRsities ity ERE TR e e T
& 4 SR MMARBEL RS Ly Do) 5 Faudas 2 L B o Ry A T LT e EEEEs LR L BE T
e b e TR DAL gl s s SiEilittrives - = s e e R D [ it tsrireass
s S L Py ATy 4 25 ‘B« GBI LS hmn e s e
LPltasbtet iRt ST O Fa5e Kl FLITITITTTee TSl IRidzzes b1 I=kbraiass FERRE e SETLE T Ty
biliist pE el T o & dgsignsas Sin T S e
A - [t L3y Ehasdid fressads H o e R EEATATEY Braigar EiE
e BEE iy i3 it ek Ty o & ik B BRES Y P AT
B seiiBLRRWERausEe. ETTTY Ten sphaaraacy £ o e i
TR WIET ¥ 332 3 - LTt rrieseed ] ST
o i3 P bS5 seaEiis S Trrree Tirrigifizseissanet [ped
i S b o2 ok fanat > seadnibaaBREReiatEc sty
. maafudo st “ e EErpeased BENEIRLINSSIaz ey LETe s
e g B n She ¥ L Beatiss LEZEETYS brebdibic Tl Py ey
5 - SIS CrEabessRIiTiEiEE X (13 o S ¥t TS ES T TR s
TR iy G S LT coyieiisncgirs o PR L TR LR T
F 15 Ephuiaata P e T ] Sie
{4 B bl 58 B9 i - EREES e o l&ﬂ&‘&*wcam BB b e 58kt R o e 1F 3
SEREE fres : = ATLERE Lol SEaitts it iSRS N TR
Ei: % & LB o ¢l i 3 ) i3 ki3 e G G I b o 8 1 o BB R it o
: Theed T ¥ Ealad s ot H Gaes S nrrr i e B T
4 T e O R B g 5 & - B, ¢ 3 B i B it B 2Y it Ed fhER o i) «»ﬁ%’s@*#‘&'c&mﬂb«ﬁﬁ'ﬂ%wm# B ifde D o B B4
seh s BoED gL oL R veEpars thagy O wrdn bl nbn e, GErEaEsseiwRITTIEY  ih Eti fits LT T e ekt g T L, 2
PR A O B e PRGBS e £ g a2y W o s BRBOF GO P ER FEEE oy s P T 8 w5 o i " P g
S RnLLTE AR RE U beLa wialll s g rsas sig ITET preed] VEEE frd it SETSRY e unna gL LT E
Shi i T T a2 SihrRsacasEng st DELbERRy R I s i S vy e
wxﬁxwﬂtw«w‘wmwﬂvﬁw B b by 4 133} PR B A P46 o rw o kg O @ K o PEREEL D E o a o, 8. BRI Sm pa ;1T
B E *%’QJ&Q&%&“S{‘&#&‘&#”Q e gl 4P e B B g i -~ PR EREHEE RO Rk G Ay P2 L Hl T @b, EEE B o 3
sEsessd s Pt e e n el LI LT shTngLatBLEl Fhe & (3257 e 74 ¥REean,slt]
P&y i s A N T T T g B mi@g'&&ws&*y'ﬁuw aa;gx“_ ¥ 8 & Bl SOGa at T SR i
3 s " i e SRR R ISR NE g §4.d 84 g BHE SR R m g REEBROESob wis iy B B g, Bhmre ”hﬁw«h(wsa&&s%*&‘
3 R w-§w bl ﬁw'iwa"ﬂﬂ&'&iw*ﬁ" BB b £ 4 B BEBELE D5 o *, = ) D