6. Programming

6. Programming’

In this chapter you will find:

- first-of all, what 'NC programming'
means (page 6-1) and what you
should know about it (page 6-6);

- what motions your tool (with and
without tool compensation) can per—
form and- how these tool motions are
obtainable (as from page 6-10);

— what programming aids you can use
to facilitate your job (as from
page 6-10);

— what preprogrammed cycles are
available for routine operations
(as from page 6-84);

- how you can use the 4th axis (C
axis) {page 6-144),




6. Programming — Introduction

Programm

On conventional milling machines, all
operations used to be performed consec-—
utively by manual control.

Modern milling machines are equipped
with a numerical control (NC) unit. The
entire sequence of operations required
for machining a workplece is described
in a program. .

with the aid of such a program, the con-
trol can machine the workpiece auto-
matically.

Blocks

The program for machining a workpiece is
written in a_language understood by the
control system.

Programs are subdivided into blocks con—
taining all necessary data such as feed
rate, spindle speed , cutter path etc.

Words

A word is composed of an address and a
number. The number may be

-~ either a code, for example GO, which
means 'Moving at rapid traverse rate',

- or a value, for example F2000, which
means 'Feed rate 2000 mm/min’.

Leading zeros in words or block numbers
may be omitted in writing a program, so
you may write N1 instead of NOOO1, or GO
instead of GOO.

— Word

Address:

G

Code

0

ddress

FT

WOr‘d~———7

Value

2000
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Commands — self-retaining/
effective in only one block

Each word in a block is a command for
the control system of the milling ma~
chine.

Self-retaining commands, sometimes also
referred to as modal commands, are ef-
fective until they are either cancelled
or replaced by a different command with
the same address letter.

Commands effective in only one block are
only active in the block in which they
stand.

F200

JUUULL

o Self-retaining

| I

:

Effective in one block only
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Tool compensation

To cbtain the one and same contour on a
workpiece with different cutting tools,
these tools have to describe different
paths. However, to facilitate pro—
grarming, it will be sufficient if you
simply program the workpiece contour and
let the control do the rest: it can
automatically calculate the cutter path
required for machining such contour.

The different +tool radii and tool
lengths can be stored either in the tool
store T or in the compensation store D
of the control. In tool store T, the
data are assigned to the tcol number, in
tool compensation store D to a compensa-—
tion number. The toel compensation val-
ues can then be called in your program
by entering either the corresponding
tool number T ... or the corresponding
compensation number D ...

Compensation on contour ~

When compensation on the contour is

called, the control compensates for the
cutter radius.

Tool length compensation

wWhen tool length compensation is called,
the control compensates for a deviating
tool length.

If you have determined the zero polnt by
contacting the workpiece surface with a
tool {page 4-12)}, the reference length
is the length of the tool used in set-
ting up the machine. Any tool lengths
deviating from this ‘'zero tool' are
stored by the control and applied as
required. _

If a preset tocol has been used for de—
termining the =zero point (page 4-10),
the control stores the absolute lengths
of all tools and applies them as re-
quired,

With compensation Compensated cutter path

S —— B -
Programmed contour

Compensation value

Compensation value

Zero tool
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Tool motions

Straight motions

The tool can move along a straight path
to any point within the working area of
the machine.

On the basis of the coordinates of the
start-off and target points, the control
calculates the cutter path and the way
in which the feed motions have to be
coupled to move the tool along a de-
sired path.

This process is called 'linear inter-
polation' (for programming examples see
page 6~12).

Circular motions

The tool can alsc move along a c¢ircular
path, provided such circular motion is
in one of the main planes of the coor-
| dinate system,

The c¢ontrol calculates the cutter path
and the necessary linkage of the feed
motions if the starting point, the end
point and the centre of the full circle
or circular arc are known,

This process is called ‘circular inter-
polation' (for progranming examples See
page 6-18).

Rapid traverse motions
Rapid traverse means that each machine

slide moves at maximum speed until it
has reached its target position.
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Program structure

A workpiece contour is subdivided into
straight lines and c¢ircular arcs. PO!  Straight line P02
In each machining step {program block), -
the control can move the cutting tool
along one of these geometrically simple

M1
[ ]

Circular
arc
about M1

contour elements. . Angular Straight line
. straight .
The blocks are programmed cne by one. Tine T pod P03

Program structure

Dividing up the contour: subdivision st block

of machining operation into individ-

Tool motion to peint POA

ual steps. —=_s (shortest way)
- - Rapid traverse rate
Preparation of program. — Spindle on
~ Coordinates of point PO
N . :
Input of program into control 2nd block
7 ~ Tool motion to point POZ2
Start of program (straight cut)
' RS - Desired feed rate
- Coordinates of point P02
The control system controls the machin— 3rd block

ing operation.
Tool motion to point PO3
{(circular cut about M1)

' Desired feed rate

- Coordinates of point P03

— Coordinates of point M1

i

4th block

- etec
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Block number — N

The block number is an identification
number and can be freely selected be-
tween NOOOO and N989Y9.

It has no effect on the sequence of the
blocks in a program.

The sequence of the machining steps is
determined by the sequence of input.
Leading zeros may be omitted, so you may
write N1 instead of NOOO1.

Fach block number should be used only once in a program.

Feed rate - F

Feed rates are programmed under an F ad-

dress.

The lowest feed rate obtainable is F2. 50
within the feed range of your machine ' 40
(see 'Technical data') you may program 30 \\
any feed value (whole numbers only). 0\;:\
‘The maximum feed value available on your 10~
machine can be used for fast positioning. 6 —
Overriding control :(6) permits the varia- L
tion of the programmed feed rate: the ~
feed rate can be reduced to 0 % or in- 3 ,/;/
creased to 125 %. 2 1 /
Feed rates are self-retaining (page 6-2). 0

70

Feed motions are only obtainable while
the spindle is running.

For calculating the feed rate F you may
use the Cutting Data Calculator of the
DIALOG 4 control (see Chapter 7).

Rapid traverse rate — GO

Command GOO (or GO) is used for program-
ming tool motions at rapid traverse
rate.

Each slide moves at its maximum rate until it has reached its
target position. This means that the tool does NOT move to
the target point along a straight line.

Rapid traverse motions are also obtainable while the spindle
is not running.

The target point for rapid traverse motions c¢an be programmed
— in absolute or chain dimensions,
- in Cartesian or polar coordinates.




6. Programming — Basic information

Coordinates — X/Y/Z

Coordinate values are programmed under
‘the addresses X, Y and Z, either in abso—
lute dimensions or in incremental {chain)
dimensions.

Coordinates — I/J/K

The coordinates of a pole or centre of
circle are programmed under the addres-—
ses I, J and K.

Tool change — T

A tool change is programmed by a T ad-
dress and a four digit numeral (T1 to
TO999} identifying the tool to be used
for the next machining operation. To-
gether with the T address and the tool
nunber you call the associated tool
compensation values from the tool store.
when a block contains a T address, the
program is interrupted upon completion of
that block: 'Tool change' button (21) as
well as the indicating lamp in the re-
mote—control handbox start flashing. The
operator has to mount the tool called.

Upon acknowledgement of the tool change
by means of button (21), the program can
be continued by pressing 'Cycle start'
button (20).

A tool change T cancels the previously programmed feed rate F
and the programmed spindle speed S. For this reason, the
first block after a tool change must always be a main block.
Command TO cancels the call of tool compensation values: com-
pensation value = O.

Tocl compensation values called by a T address are self-re-
taining as from the end of the block in which they are called.

Coolant supply — M8, M9

Command M8 is used for starting, M9 for
stopping, the coolant supply.
M8 and M9 are self-retaining.
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spindle speed — S

Spindle speeds are programmed under an S
address directly in rpm. The following
spindle speeds are obtainable on FP2/3/4
NC and FP42 NC machires (equipped with a
3-phase AC drive motor):

o, 31.5, 40, 50, 63, 80, 100, 125, 160,
200, 250, 315, 400, 500, 630, 800, 1000,
1250, 1600, 2000, 2500, 3150 rpm.

If intermediate values are programmed,
the control will automatically use the
next lower speed; for values below 31.5,
the control will use 31.5 rpm.

For the vertical spindle, the range can
be extended to 6300 rpm by means of a
mechanical selector. The above table of
speeds will then start at 63 rpm and
continued with 4000, 5000 and 6300 rpm.

The control has to be informed about any
such change by selecting mode 16 and en-—
tering command 51 or 32 (see Chapter 7).

8+0 serves to disengage the spindle from
the transmission in program—controlled
operation (shifting to neutral).

On FP5/6/7 NC machines {(equipped with a
DC drive motor), the spindle speed is
steplessly programmable.

Speed ranges: FP5 NC: 18-6300 rpm
FP6/7 NC: 35-1800 rpm
or 35-2500 rpm

Important: When the grinding head is
used (on FP2/3/4 NC and FP42 NC), the
maximum permissible spindle speed is
1000 rpm. Failure to observe this in-
struction may lead to accidents.

Direction of spindle rotation:
+ means clockwise rotation;
~ means counterclockwise rotation.

To save time, always program the spindle
speed one block before the tool contacts
the workpiece.

Input for spindle stops: SO without sign.
Spindle speeds are self-retaining.

For calculating the spindle speed S you
may use the Cutting Data Calculator of
the DIALOG 4 control (see Chapter 7).

S

\
{

e )
0
v
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Lube pulse — M7
Lube pulses can be programmed by command
M7. After a block with M7, a lube pulse
is released, either the next time all ma-—
chine slides are standing still or during
the next rapid traverse motion.

These lube pulses are indispensable in operations involving
numerous short slide motions (less than 15 mm), otherwise the
0il film might be disrupted. . '

To ensure adequate lubrication, a lube
pulse (M7) and a long slide stroke (min
100 mm) at rapid rate- should be pro-
grammed after approx 50 short strokes.

End of program — M2, M30
The end of a program is identified by the

word M2 or M30: spindle and feed motions
will be stopped.

Upon command M2, a program section can be
repeated by calling the block where such
repetition is to start, or the program
can be continued.

If M30 is used, a new machining operation
is initiated, starting with the first
program block.

Program stop — MO
Command MO is used for stopping a pro-
gram: the machining operation is inter-
rupted upon the completion of the block
in which the command is programmed. To
resume the program, press 'Cycle start'
button {(20).

The first block after.a program interruption by MO must be a
main block.

Dwell — G4 F

Command G4 F  interrupts the feed motion
for a certain time.

The duration of such a dwell can be pro-
grammed in seconds between 0.1 and 99.9
sec, G4 F means a dwell of 10 seconds.

The passing of the dwell time is shown in.
seconds in the upper right corner of the
display screen.

Dwells are NOT permissible within compensations on the contour
{page 6-33).

6-8
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This method is recommended if the target
point of an angular straight line is di-
mensioned in Cartesian coordinates in the
part drawing.

Command G1 need not specially entered
because it is activated automatically
when the control is switched on.

Use addresses X, Y and Z for entering the
coordinate values,

If absolute input (GB0) is active, the
coordinates define the point to which the
tool is to move.

If incremental input (G91} is active, the
coordinates define the distance by which
the tool is to move.

Linear interpolation — G1
Input in Cartesian coordinates

A

LY Got

E—

ML

Y

G 90

Absclute dimensions

G 90

X

G gt

Chain dimensions
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Linear interpolation — G1

Input in polar coordinates

INPUT DIALOG

Uporn entering and transferring command
G9, the control reguests the addresses
listed on the right.
These addresses should be completed and
-transferred to the control by operating

the transfer key.

The maximum angle that can be programmed

is +360°.

Machining plane
parallel to ...
plane:

GO

T M

Go

Linear interpclation with
input in polar coordinates

The control requests:
Preparatory function Gi
Distance pole/target point
Angle between the line from
pole to target point and

the angle reference axis .
Absolute/incremental input
(GR0/GO1) of pole coordinates

I 1st coordinate of pole
J(KY(K) 2nd coordinate of pole

Ggo

T Got

ﬁ&
P A\ .
AT\

Polar coordinates

with

- addresses:

1,J Angular reference X+
J,K axis parallel to ...| Y+
1K axis X+

611
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Linear interpolation

- G1

Input in Cartesian coordinates

EXAMPLE
Diagonal cut

%415

Program number

N1 G0 X30 YIS Z1 S+500

Tool moves at rapid rate to point PO
identified by coordinates X30, Y15, Z1;
spindle speed S+500.

N2 Z-5 F100

Downfeed to Z-5, feed 100 mm/min.

N3 X80 YBO FZ00

Tool moves along angular path from PO1 to
PO2; (feed rate 200 mm/min).

N4 GO Z100

Tool retracted in Z axis (rapid rate),

N5 M30

End of program.

6-12
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Linear interpolation — G1
Input in Cartesian coordinates

&0

80

v =

Dimensions in mm

6-13
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Linear interpolation — G1
Input in polar coordinates

EXAMPLE

Slots

Z20 Program number

N1l GO X100 Y15 Z2 S5+5n00 Tool moves to PO1 at rapid rate, spindle
NZ Z-8 Fi50 speed S+500. Infeed to Z-8 at feed F150.
N3 X435 F250 Tool cuts first slot, feed rate F250. |
N4 GI G1 A40 W20 G0 I45 JIS The next target point is dimensioned in

polar coordinates (G9): 40 mm away from
pole, angle 20° from angle reference axis
(X axis). Pole dimensioned in absolute
values (GO90) from program zero, having
coordinates I45 and J15.

NS

G9 G1 A30 W1i0 G&1 I0 JO

Target point dimensioned in polar coordi-
nates. Since coordinates of pole are not
known and current tocl position coine
cides with pole, current position (P02)
is used as pole.  Incremental input (G91)
of pole coordinates from tool position.

NG X10 Y33 Finish milling of outer groove.

N7 Y135

N8B 30 Z2 Tool retracted in Z,

N9 G8 GO Al10 W-34 480 137 J33 Tool positioned abeve PO3 at rapid rate.

P03 dimensicred in polar coordinates from
centre of pentagonal slot.

NiQ Z-4 F130

Downfeed in Z.

Ni1 69 GI A10 WIi8 GI0 137 J33
NiZ G9 G1 A10 WSO G990 I37 J33
N13 G9 Gi1 AL0 W1B2 GSO 137 J33
N14 G9 Gl A10 WZ234 G90 137 J33

N15 G9 G1 A1G W308 GO 137 J33

Milling of internal slot: all corners c_n"
pentagonal slot defined by polar coordi-
nates from centre.

N1B GO Z100 M30

Tool retracted in Z and end of program.
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Linear interpolation - Gt
Input in polar coordinates

s e

e

%ﬂ}.

Dimensions in mm

Detail G

6-15




6. Programming — Tool motions

Circular interpolation — G2, G3

Commands G2 and G3 can be used to program
circular cutter paths. The circular con—
tour must be in one of the main planes of
the coordinate system. '

The contour is defined by

— the radius (from 0.2 to 16 000.00 mm},

- the starting point {(tool position from
preceding block},

and,‘in the case of circular arcs,

- by the target point.

G2 means clockwise travel,
G3 counterclockwise travel,

"in the main plane concerned.

&

!

Viewing direction
Z A for X/Y plane @

Y

Viewing direction
/ far X/Z plane

—Co

viewing direction
» for Y/Z plane

Q
\
3

i

Direction of travel (G2)
in main planes

The viewing direction is always the direction opposite the
third coordinate axis (axis NOT used in defining the plane).

Circular interpolation - G2, G3
Input in Cartesian coordinates

INPUT DIALOG

Upon entering and transferring command G2
or G3, the control requests the addresses
listed on the right.

These addresses should be completed and
transferred to the control by operating
the transfer key. ’

The . coordinates of +the circle centre
should always be programmed from the
circle starting point.

G2
&3

F

X{Y)X

Y{Z)(Z)

JI(I(TI)

JIK)Y (K}

Clockwise rotation or
counterclockwise rotation

The control requests:

Feed rate (if not required:
transfer key

1st coordinate of target point
(= end of circular path)

(full circle: transfer key)
2nd coordinate of target point
1st coordinate of centre

2nd coordinate of centre

—

Starting point

Centre
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This method is recommended if either the
starting peint and the target point, or
only the target pecint, of a circular path
is dimensioned in polar coordinates (dis—
tance and angle} from the centre point.

The angle can be defined in two ways:

i (a) angle of sector between starting and
target points of circular arc (M71};

(b} angle between between angle reference
axis and target point of circular arc
; : (M72},

CINPUT DIALOG

Upon entering and transferring command
@9, the control requests the addresses
listed on the right. '

These addresses should be completed and
transferred to the contrel by operating
the transfer key.

Machining plane XY, Polar coordi-
parallel to ... 1xY/Z nates with
plane: Z/X addresses:

Circular interpolation — G2, G3
Input in polar coordinates

Pole

Go

GS

Circular interpolation - G02/G03

with input in polar coordinates

The control reguests:

G2 clockwise or
G3 counterclockwise cut

Kind of angle definition used.
M71: angle of sector
M72: angle from reference axis

Angle
counterclockwise (G3): positive,
clockwise {(G2): negative

Absolute/incremental input (G90/
Go91) for circle centre coordi-
nates

I(JXI) A1st coordinate of “circle

centre
JKY{K) 2nd coordinate of circle
centre
T,J Angular reference X+
J,K axis parallel to ... p Y+
I,K axis X+

6-17
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EXAMPLE
Full circle

Cartesian coordinates

This example shows how to program a full
circle. Input in Cartesian coordinates
is used because both the centre and the
target point of the circle are dimen-
sioned in Cartesian values in the draw-
ing. The coordinates of the target point
need not be programmed for full circles.

A1Z3

Circular interpolation - G3

Program number

N1 GO X100 YZ5 Z1I S+1250

Tool moves to point PO1 at rapid rate.

N2 Z-5 F100

Downfeed to Z-5.

N3 G3 F1235 120 JO

Tool moves along Tull circle in a coun—
terclockwise direction (G3). Sign of I
is plus because centre of ¢ircle is
located 20 mm in direction of X axis from
starting peint of circle.

J = 0 because centre of circle is at a

N4 GQ Z100

distance of 0.0 mm in Y axis from POA.
Tool retracted 'in Z axis.

N3 GO X0 YO

Tool moves from P01 to program zero at
rapid rate.

NE M30

End of program.
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Cir'cula_r' interpolation — G3

NN

Cutter path

> X

Dimensions in mm
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EXAMPLE
Circular arc
Cartesian coordinates

In this example, the target point ({(X/Y
coordinates) of the tool has to be pro-
grammed because the cutter path does not
constitute a full circle.

Input 1in Cartesian coordinates is used
because both the centre and the target
point of the c¢ircular arc are dimen-
sioned in Cartesian coordinates in the
part drawing. '

%30

| . . e
Circular interpolation - G2

Program number

NI GO X40 YB0 Z1 S+1250

Tool moves to point PO1 at rapid rate.

N2 Z-10 F100

Downfeed to Z-10.

N3 G2 F200 X15 Y35 10 J-25

Tool moves along circular path from POt
to P02 in a clockwise direction (G2).

YT = O because centre of circle is at the
same level in the X (I) axis as the
starting point.

Sign of J is minus because centre of
circle is located 25 mm in direction of
the negative Y (J} axis from starting
point POT.

N4 G0 Z100

Tool retracted in Z axis.

NS GO KO YD

Tool moves from P02 to program zero at
rapid-rate.

NG M30

End of program.

6--20
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Circular interpolation — G2

s

D

» X
\ Cutter path

2 ' Dimensions in mm
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Circular interpolation - 'GZ ”

EXAMPLE
Circular arc z Y
Polar coordinates

Absolute input

In this example, the target point of the @

tool is defined by a radius and an angle ﬂ
referred to the circle centre. It is

thus advisable to use input in polar co-

ordinates. '

The angle is specified relative to a ’
straight line parallel to the Y axis, - X
“that is why the angle is defined in re-

lation to the angle reference axis (M72).

%35 Program number

N1 GO X15 ¥40 Z1 5+800 Tool moves to poinmt PO1 at rapid rate.
N2 Z-10 F100 Downfeed to Z-10.

N3 F200 -Change of feed rate.

- L Circular interpolation clockwise with in—
M4 G9 G2 M72 W-50 GSO 140 440 put in polar cgor‘dinates. Angle defined
) - by absolute values from X axis (M72; I,
J). Polar coordinates défined in abso-
lute values. Tool moves from P01 to PO2

along circular path about P.

Tool retracted in Z axis and moved above

zg gg iéogﬁ program zero.
N7 M30 } End of program.
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Circular interpolation — G2

|

NN
AN

| A
R !
s

!
|
!
|

Cutter path
|~ P

Dimensioris in mm -

6-23




6. Programming — Tool motions

EXAMPLE

Circular arc
Polar coordinates
Incremental input

In this example, both the starting point
and the target point of the tool are
defined by a radius and an angle referred
to the centre point: input in polar coor-
dinates,

The angle of the circular arc between the
starting point is specified relative to a
straight line parallel to the Y axis,
that is why the angle is defined in re-
lation to the angle reference axis (M71).

Circular interpolation - G2

Z40 Program number

N1 GO GO A4G W-15 GHO I15 J70 Tool positioned above PO1 at rapid rate.

NZ G0 Z1 S+1800

N3 Z-7 F10D Infeed in Z.

N4 F200 Change of feed rate.

N5 G9 G2 M71 W-GB5 G800 I1S5 J70 Circular interpolation clockwise with input in polar
coordinates; angle in incremental values (M71).
Pelar coordinates of angle in absolute values {GSO)}.
Tool moves from PO1 to P02 along circular path about
point P.
Tool retracted in Z and moved above program zero,

NG GO Z100 prog

N7 GO X0 YO

N8 M30 End of program.
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Circular interpolation — G2

70

|

\

70
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Tool compensation values

If your machine is equipped with a DIALOG
4 contrel, you can store your tool com—
pensation values

o either in tool store T

o or in tool compensation store D.

When using DIALOG 3 programs, always use
compensation store D for entering your
tool compensation values.

Make it a rule to decide before program
input which of the two stores you are

" going to use, either T or D. A mixture
is not advisable, since each call of tool
compensation values from store T has to
be deleted before a tool compensation
value can be called from store D, other-
wise the control would add the two com—
pensation values,

Tool store T

' The following peoints should be observed
if tool compensation values are called
from tool store T:

& the tool compensation values are self-
retaining;

e tool length and tool radius compensa-—
tion values should be programmed to—
gether with a tool change;

¢ in the input dialog for compensation
on the contour (page 6-33), the re-
quest for 0 (tool compensation number)}
should be answered by simply pressing
the transfer key;

e command TQ is used for deleting a tool
compensation value;

¢ tool compensation values called by ad-
dress T or deleted by TO will enly be
activated as from the end of the block
in which they are programmed.

Tool store T contains a tool table. For
each tool number in this table you enter
the radius, radius allowance, length and
length allewance to be applied to the
tocl concerned.

If you wish to use a tool for several
operations (for example, roughing and
finishing), proceed as follows:

Tool table
T1 R
Ti*1 R
TI*2 R

RA
RA

RA-

L 1,0
L 2,0
L

AQ,1
A0,5
AD,1

under T/tocl number you enter the basic
compensation values (e.g. for roughing);
under T/tool number/*/another number you
may enter additional compensation numbers
{e.g. for finishing}.
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6. Programming - Tool motions

If no values are entered under T...*...
for radius, length and/or allowance, the
preceding compensation values will be ap-
plied.

Important: tool calls (T...*...) omitted
by.a jump command (LO N..) are disregard-
ed by the control.

Program

N1 GO ZO
NZ G17 T
N3 GO Z0
N4 G17 T1*1
NS GO Z0

NG G17 T1#2

N7 GO ZO

Z value=0

Z value=1.1

Z value=2.5

Z value=2Z.1 Z value=1.1

Jump
command _
in block 6:

Tool compensation store D

The following points should be observed
if tool compensation values are called
from tool store D:

® the tool compensation values are ef-
fective in only one block;

® tool length and tool radius compen-
sation values should be progranmed to-
gether with the feed/infeed motion.

o Important: if tool compensation values
have already been called from tool
store T without having been deleted,
the control will add the length com—
pensation values to the compensation
values from store D.

Tool length cdmpensation

When entering tool length compensation
values, you should differentiate between
two alternatives, depending on whether
the zero point has been determined by
contacting the workpiece surface with a
zero tool {page 4-12) or by using a
preset tool (page 4-10).

Contacting with zero tool:

the difference in length between the zero

tool {or a test arber) and the tool to be

used for cutting should be entered as

tool length compensation value.

The compensation value carries

- a negative sign if the tool is shorter,
than the zero tool;

— a positive sign if thHe tool is longer,
than the zero tool.

Compensation value

Zero tool

or

Tool shorter:
use pegative

test arbor compensation

at zero

value (-)

Compensation value

Tool longer:
use positive
compensatien
value (4)

|

-1
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Preset tools:
the absolute tool length is the tool
length compensation value.

In tool store T, the tool length compen-
sation value with address T and a tool
number are entered.

{For input of tool compensation into, and
output from, tool store T see Chapter 7).
You program the tool compensation values
together with a tool change, using ad-
dress T and the tool number. In addi-
tion, you have to assign a machine axis
to the tool length compensation value:

G17 Z axis
G18 Y axis
G19¥1 +X axis
G19%#2 - =X axis

wWith each tool compensation call you
should alsc program the axis (G17, G18,
G19%1, G19%2).

This ensures that the length compensation
is always applied to the correct axis.
Commands G19*%1 and G19%2 are programmed
when the machine is used with the verti-
cal spindle head tilted through an angle
of 90° to the right or left.

ol

uﬁi‘m

/)

Tool length =
tpol compen—
sation value

Tool length =
tool compen-
sation value

Tool length =
tool compen—
sation value

T and tool number:
call tool change and .
tool compensation values.

T* and tool number:
call tool compensation value.

T and tool number and * and tool
number:
call tool change and tool com—
pensation value
OR: only call tool compensation
value (if 4st tool number is
that of tool already called.

TO: delete tool compensation value.

T*: delete command TO; tool compen—
sation values are reactivated.

G17: Z value = Z coordinate +
length compensation value +
length allowance

G18: Y value = Y coordinate +
length compensation value +
length allowance

G19%1: X value = X coordinate +
length compensation value +
length allowance

Gfg*2: X value = X coordinate -
length compensation value —
length allowance

The tocl compensation values called from tool
store T are self-retaining.
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6. Programming — Tool motions

The tool compensation values called from
tool store T are self-retaining.

Command TO serves to delete tool compen-
sation values (compensation value = 0).

N ...

N3IGL7T1 Call of tool length and tool radius com—
pensation values stored under tocl No. 1,
and tool change.

Length compensation applied to Z axis.

N aae

In tool compensation store D, the tool
length compensation value with address D
and a compensation number are entered.
{For input of tool 1length compensation
into, and output from, tool compensation
store D see Chapter 7).

You program the desired compensation
number {under address D)} at that point of
the program where the tool ‘length compen—
sation is to be applied.

Tool compensation values called from tool
compensation store D are effective in on-
ly one block,

N ...

N10O Z=10 D3 F100

Control adds Z-10 to compensation value
stored under compensation number D3. Tip
of tool is advanced to 7Z-10.

N .

6-29




6. Programming — Tool motions

Tool length compensation
Example

start programming. Remember that a
machine axis (Z axis = G17, Y axis = G18,
+X axis = G19%1, -X axis = G19*2) has to
be assigned to each tool length compensa~—
tion before such compensation is called.
The compensation is then called by pro-
grarmming the address T and the desired
tool number.

Enter tool length compensation values in
tool table {in tool store T) before you %

Y45 Program number
N1 GO Z100 Tool retracted at rapid rate.

NZ G17 T1 Tool change, assignment of Z axis to

length compensation, call of tool length
) compensation.

N3 GO X20 Y16 Z2 S5+800 - Tool moves to PO1 at rapid rate. Call
of tool length compensation. Tip of
tool moves to Z2.

N4 7-12 F890 ) Downfeed to Z-12.

NS X380 Y84 F125 Tool moves to POZ2 at feed rate.

NG TO Tool length compensation deleted.

N7 GO Z1Q0 SO : Tool retracted, spindle stop.

NB G617 T2 ‘ Tool change, c¢all of new tool compensa-

: tion value. .
NS G0 XKGS Y23 Z2 S+1800 Tool cuts slot from P03 to P04, then
NI1Q Z-B FBO tool retracted.

N1l X80 Y8 F100
N12 G0 Z2

N13 GO X35 YSZ Tool moves to PO5 at rapid rate.

Nid Z-8 FBO - Tool cuts slot from P05 to P0G, then
N1S 10 Y72 F100 tool length compensation is deleted.
Ni8 TO : Tool retracted at rapid rate without
N17 GO Z100 50 M30 length compensation.

End of program.
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6. Programming — Tool motions

Tool length compensation
Z
. X
@
Y
A Depth 8 mm Gepth 12 mm
2
)
3
a3
Depth 6 mm
=
o
a
= X
3 » X
)
Y
A Depth 8 om Depth 12 mm
3
N
3
1 h
K
1 Depth & mm
&
I
]
¥ §
k ¥
. » X
: z
T e 2 35 65 80 %0 w0 Dimensions in mm
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6. Programming — Tool motions

Similar to tool length compensations,
tool radius compensations can also be
stored either in toecl store T or tool
compensation store D.

In tool store T, the tool radius compen-
sation value with address T and a tool
number are entered.

(For input of tool compensation into, and
output from, tool store T see Chapter 7).
You program the tool compensation values
together with a tool change, using ad-
dress T and the tcool number.

The tool compensation values called from
tool store T are self-retaining.

Command TO serves to delete tocl compen—
sation values (compensation value = Q):.

Tool radius compensation

T and tool number:
call tool change and
- tool compensation values.

T and tool number ‘and * and tool
number:
call tool change and tool com—
pensation value
OR: only call tool compensation
value (if 1st tool number is
that of tool already called.

T* and tool number:
call tool compensation value.

TO: delete tool compensation value.

T*; delete command TO; tool compen—
sation values are reactivated.

In tool compensation store D, the tool
radius compensation value with address D
and a compensation number are entered.
(For input of tool length compensation
into, and output from, tool compensation
store D see Chapter 7).

You program the desired tool radius com—
pensation number in reply to the input
dialog request for radius compensation on
the contour.

The control applies the tool radius com—
pensation until the command 'tool radius
compensation on contour' is deleted again
in the course of the program,

N ....

N2 Q18 TS Call of tool length and tool radius com-
pensation values stored under tool No. 5,
and tool change.

Length. compensation applied to Y axis.

N ...
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6. Programing — Tool motions

Compensation on contour

For compensation on the contour you sim—
ply program the coordinates of the con-
tour, enter the cutter radius as a com-
pensation value and specify on which side
of the programmed contour the tool is to
move.

The control will then
cutter path automatically.

calculate the

Call of compensation
INPUT DIALOG

Upon entering and transferring command
G41 or (42, the control réquests the ad-
dresses listed on the right. These ad-
dresses should be completed and trans-
ferred to the control by pressing the
transfer key.

As long as compensation on the contour is
active (between call and deletion), only
coordinates in a single plane can be pro—
grammed. ’
Infeed motions are not permissible,
are feed motions: they have teo be entered
{in a block identified by M70) before
calling compensation on the contour,
Blocks with M70 are first disregarded,
but activated immediately upon the call
‘of compensation on the contour.

.Difference G41/G42: .

G41 - tool moves left of the contour, as
viewed in cutting direction;

G42 - tool moves right of the contour, as
viewed in cutting direction;

tool compensation number:

if tool radius compensation value
has already been called together
with tool change T, press transfer
key.

nor .

on contour

o

Xbﬂ

=<

GA1/G42 Compensation on contour

The control requests:

Tool compensation number

{if not required: transfer key)
Approach command G45, G46, G47
Approach distance

1st coordinate of 1st point on
contour

2nd coordinate of tst point on
contour

Preparatory function GO, G1 for
approach :
Contouring command G60Q, G61, G64
Feed optimization M60, M61, M62

Right of contour
(z42)

6-33




6. Programming -~ Tool motions

INPUT DIALOG

An approach command determines along what
path the tool is to approach the contour
after the compensation call (if not re-
quired: press transfer key).

G45  Approach parallel to the contour
G46  Approach in semi-circle

G47  Approach in quarter circle

Al Approach distance

when &45 is used,

A = distance between first point on con-
tour (P1} and start-off point (PZ} (sign
change and A O permissible).

when G46 is used,
A = diameter of approach circle (at least
0.02 mm).

when G47 is used,
A = radius of approach circle (at least
0.02 mm}.

G0/G1: rate of motion to start—off point.
GO: rapid traverse rate

G1: feed rate along straight line

{zu Abb, rechts):

G45 — parallel to contour
G46 — semi-circle

G347 — quarter circle

Call of compensation on contour

G45 —paraliel to the contour

# Rapid rate (feed rate alsc possible)

':D Feed rate
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6. Pr'ogr'amning — Tool motions

Call of compensation
INPUT DIALOG
G60/G61/G64

These are contouring commands determining
the cutter path at contour transitions
(especially internal corners),

GB0

At internal corners, the tool moves ex-
actly to the corner point, stops for a
moment and then continues.

GB0 is used for finishing internal cor-
ners to size.

G61

At internal corners, the tool moves along
a transition radius to prevent the tool
from being 'pulled' into the corner, In
G61 the control interposes a blending arc
at a radius which is
- 10% larger than the cutter radius
for cutters of more than 4 mm radius;
= 0.4 mm larger than the cutter radius
for cutters up to 4 nm radius.

G61 should be programmed for rough ma—
chining of internal corners to prevent
damage to the contour.

G64

The contour sections are 'blended', de-
pendent on the feed rate (machine slides
are not brought to a stop between the
individual stops}.

on contour

G&o
Programmed
contour
. = machined
_@ contour
Cutter path ——J
G61
Programmed contour
: Machined contous
Cutter path —[
G84
Cutter path Programmed
: contour
Machined -
~ contour
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6. Programming — Tool motions

Call of compensation on contour

INPUT DIALOG
M&0/MB61/ME2

Feed rate optimization
M&0

To obtain a constant rate at the cutting
edges, the feed rate is reduced along in-
ternal radii and increased along external
radii.

This mode is used for finishing contours
when the end face of the cutter is not in
contact with the bottom of the cavity or
groove.

M&1

The rate of the cutting edges along the
contour is kept constant in milling in-
ternal radii, as in M&O.

Along external radii, however, the feed
rate of the cutter spindle is kept con-
stant, which means that the feed along
the contour (cutting edges) is reduced.
This mode is used for finishing a contour
when the end face of the cutter is in
contact with the bottom of the cavity or
groove., Without such reduction, the feed
rate along the bottom surface on the side
away from the workpiece centre might be
getting too high, -

MB2

The rate of feed of the cutter axis is
kept at a constant level.

ME0

-~ '\\\\ Cutter path

/

\ Feed rate along
[ cutting edges
kept constant

M61
Feed rate at cutter
.",ESEE? reduced Feed rate of cutter

axis kept constant
Feed rate ai

: cutter edges
l ) kept -constant
._,\f/

M62

Feed rate of cutter
axis kept constant

7

N
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6. Programming — Tool motions

Deletion of compensation on contour

INPUT DIALOG '

Upon entering the word G40 for deleting a
compensation on the contour, the control
requests the words shown on the right.
These addresses should be completed and
transferred to the control by pressing
the transfer key.

G45/GAB/G47

A departure command defines the path

along which the tool is to leave the con-

tour (if not required: transfer key}.
G45 Departure parallel to the contour
G46 Departure in semi-circle

G47 Departure in quarter circle

A Departure distance

When G45 is used,

A = distance between last point on con-
tour and clearance point PF {sign
change and A O permissible).

wWhen G46 is used, -
A = diameter of departure circle (at
~least 0.02 mm).

when G47 is used,
A = vradius of departure circle {at least
0.02 mm}.

G 40 Deletion of compensation on contour

G4 Departure command G45, G46, G47

A

The control requests:

Distance

G45 - parallel to contour

@f¥wmﬁ;ﬁﬁ@;ﬁff
‘ S e D
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6. Programming — Tool motions

Compensation on contour

EXAMPLE

External contour
Straight lines
Approach and departure
commmand G45

(parallel to contour)

% 50 Program number
Nl 3?72'11:‘]?0 Tool change. -Assign Z axis to length combensation

and call tool compensation values.

N3 GO X0 YO ZZ2 S+500

Positioning in X, Y, Z and spindle start,

N4 Z-7 F1Q0 M70
NS F200 M70

Blocks skipped temporarily because of M70.

NE G422 G455 AG MZ295 Y20 GO GBD MBZ Call of compensation on contour {G42), tool left of
contour.
Approach command G45 (parallel to contour).
Tool moves to start—off point at rapid rate (GO).
Return to N4 to activate blocks with M70,
Feed rate in N5 active up to end of program.
Contour has no internal corners, so command G60 has
no effect.
Constant feed rate of cutter axis because of M62.

N7 X75 Milling of contour.

NB Y30

N X550 Y45

M1O K25 Y30

N1l Y20

N1Z G40 G45 A3

Deletion of cornpensat'ion on contour.
Departure command G456 {parallel to contour).

N13 TO

Delete tool compensation values.

N14 GO Z100 M30D

Tool retracted in Z, end of program.
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6. Programming — Tool motions

Compensation on contour

70

Dimensions in mm

]
-m
o
2 | |
¥
1
o
o 3
|
7
25 - 50 -
Y
‘ * = automatically interposed blending circle
Compensated cutter path
Programmed contour
L
—
Py
<
jm
. -/'*
—»— X
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6. Programming - Tool motions

EXAMPLE

External contour

Straight line and circle
Approach and departure
command G47 (quarter circle)
Polar coordinates

The part drawing is dimensioned in terms
of angles and radii: use programming in
polar coordinates.

Compensation on contour

% 55 Program number )
N1 GO Z100¢° Tool change. Assign Z axis to length compensation
NZ G17 T1 and call tool compensation values.

N3 GO Z2- S+500

Pogsitioning in Z and spindle start.

N4 Z-17 F100 M70
NS F200 M70

Blocks skipped temporarily because of M70.

NE G41 G47 A5 X0 YZ5 GO GBO ﬂBO

Call of compensation on contour (G41), tool left of
contour.

Approach command G47 {(quarter circle).

Tool moves to start—of T point at rapid rate (GO).
Return to N4 to activate blocks with M70. Feed rate
in NS active up to end of program.
Contour has no internal corners,
no effect.

of M60.

so command G60 has
Constant rate at cutting edges because

W-113.578 G0 IO JO
NB GO Gl A15 W-113.578 GO I-Z5 JO
N9 G5 GZ M72 W113.578 G0 [-2Z5 JoO
N10 GO Gl A25 W113.578 G9g¢ Iv Ju
N1l GZ G2 M7Z WS0 GgO IQ0 Ja

N7 G8 G2 M7Z

Milling of contour,

N1Z G40 G47 AS

Deletion of compensation on contour.
Departure command G47 {quarter circle).

NI13 TO

Delete tool compensation values.

N14 ‘GO Z100 M3I0

Tool retracted in Z, end of program.
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Compensation on contour

- 15 ~—

Dimensions in mm
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6. Programming - Tool motions

Compensation:on contour

EXAMPLE

External contour

Circle

Approach and departure
command G47 (quarter circle)

Program number

% 60 .
N1 GO Z100 Tool change. Assign Z axis to length compensation
N2 G17 T1 and call tool compensation values.
N3 GO 72 S5+590 Positioning in Z and spindle start.
- = O
Eg E5ég 5%80 M79 Blocks skipped temporarily because of M7O.
NE G422 G47 AS X2 ¥0 GO GGO MB1 call of compensation on contour (G42), tool right of

contour.

Approach command G47 (quarter circle}.

Tool moves to start—off point at rapid rate (GO).
Return to N4 to activate blocks with M70.

The contour has no internal corpers, so command GB0 {
has no effect. Feed rate (from N5) at tool edge re—
mains constant along internal radii because of ME1,
but is reduced along external radii. Otherwise feed’
rate along bottom would be too high on the side away
from the workpiece centre.

N7 G3 X45.453 Y20.833 .I0 JBO

N8 G3 X21.74 ¥45.026 I-45.453 J~20.833

NS Gz X0 ¥55.738B Il1.2G6 J29.97%

N10 GZ X-21.74 Y¥45.026 I-23 J19.Z62
N1l G3 X-45.433 Y20.833 IZ1.74 J=45
N1Z G3 X0 YO T45.433 J39.167

Milling of contour.

028

N13 G40 G47 AS

Deletion of compensation on contour.
Departure command G47 (quarter c¢irlce).

Ni4 TO

Delete tool compensation values.

N1S GO Z100 M30

Tool retracted in Z, end of program.
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6. Programming — Tool motions

Compensation on contour

27 23

75

&5
60

(]

15

100

automatically interposed blending circle

Compensated cutter path

Programmed- éontour

75

Y
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X
T
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& '1/1
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T
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V3|
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w3
& g

Dimensions in mm
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6. Programming — Tool motions

Compensation on contour

EXAMPLE

Internal contour

Straight lines and

straight line/circle

Approach and departure
command G47 {quarter circle)
The cutting operation is performed with a

cutter of 12 mm diameter (programmed with
G7 = rounding of corners).

MB0 should be programmed together with
call of compensation on contour if tocl
has to machine a pointed corner,

Waﬁning:‘cutter may be 'pulled' into cor-
ner if high stock removal rate is used.

% &5 Program number

Ni GO Z100 Tool change.  Assign Z axis to length compensation
N2 G17 T1 and call tool compensation values,

N3 GO Z1 5+500 Positioning in Z and spindle start.

mg ]E.-?:ég ;;go M70 Blocks skipped temporarily because of M70.

NG G42 G47 AS X0 Y10 GO GBO MBO Call of compensation on contour (G42), tool right of
contour.
Approach command G47 (quarter circle).
Tool moves to start—off point at rapid rate (because
of GO in N6). Return to N4 to activate blocks with
M7C0. Tool moves exactly to interpal corner because
of G60.
Feed rate in N5 active up to deletion of compensa-
tion on contour.

N7 X-32 Milling of contour.

N8 GZ X-4D YI1B 10 48

N9 ¥30

NIO X0 Y45

N1l X400 Y30

N12Z Y18

N13 GZ X32 Y10 I-8 JO

N14 X0

N1i5 G40 G47 As Deletion of compensation on contour.

. Departure command G47 (quarter circle).

N168 TO . Delete tool compensation values.

Ni7 GO Z100 M3D Tool retracted in Z, end of program.
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6. Programming — Tool motions

Compensation on contour
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6. Programming — Tool motions

Compensation on contour
Rounding of corners — G7

Contours may be rounded at the points of
~ intersection of

- two straight lines,

~ a straight line and a circle,

- two circles.

Command G7 (rounding of corners) can be
programmed while a compensation on the
contour is active. The command is like-
wise applicable to internal and external
contours,

You simply program the point of intersec-
tion. The next program block must then
contain command G7 and the- desired radi-
us of the corner under an R address (at
least 0.02 mm).

INPUT DIALOG

EXAMPLE
External corners

% 70

G7 Rounding of corners
The control requests:

R Radius of corner

Program number

N1 GO Z£100

N2 G617 T1

Tool change. Assign Z axis to length compensation
and call tool compensaticon values.

N3 GO Z2 5+500

Positioning in Z and spindle start.

N4 Z~10 F100 M70
NS F200 M70

Blocks skipped temporarily because of M70,

NG G41 847 AS X20 YO GO GBO MGO

Call of compensation on contour (G41) and approach
command. (G47). .

N7 ¥-15.311
N8B G7 R4.3

N9 G2 .X-2Z0 ¥-15.311 I-20 J40.311
N1Q G7 RS

N1l Y15.311

NiZ G7 RS.2

N13 G2 X20 Y15.311 I20 J-40.311

Milling of contour.

Rounding of corners (R 4.3 mm).

Rounding of corners (R 5.0 mrm}.

Rounding of corners (R 5.2 mm).

N14 G7 RS Rounding of corners (R 5.0 mm).
Ni5 ¥O A

N1E6 G40 G47 A3 Deletion of compansation on centour.
N17 T0O Delete tool compensation: values.

N18 GO Z100 M30

Tool retracted in Z, end of program.
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Compensation on contour
Rounding of corners G7

40

&
\e

\

P =

Compensated cutter path

25

15,311

- 1531

-25

Dimensions in mm |
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6. Programming — Tool motions_

Compensation on contour

Rounding of internal

When compensation on the contour 1is
called, the control requests a contouring
command,
In G61 the control interposes a blending
arc at a radius which is
~ 10% larger than the cutter radius
for cutters of more than 4 mm radius;
- 0.4 mm larger than the cutter radius
for cutters up to 4 mm radius.

EXAMPLE
Internal contour

The contour is machined with a cutter of
S mm diameter.

corners — G61

4%‘{/{/

I%_ - —3m -

Programmed radius

Radius machined

mmmi

% 75 Program humber

N1 GO Z100Q Tool change.  Assign Z axis to length compensation

NZ G17 T! and call tool compensation values.

N3 GO Z2 S+500 Positioning in Z and spindle start.

:g g;goFgg()M?O Blocks skipped temporarily because of M70.

NB G427 G47 AS X20 YO G0 GBI MG1 Call of compensation on contour (G42) and approach
command (G47).

N7 G2 X16.761 Y-15.761 I-45 JO Milling of contour.

N8B G2 X-16.761 Y-16.761 I-16.761 441,761

N9 G2 X-16.761 Y168.761 I41.761 J16.761

NiOo GZ X16.7G61 Y16.761 I1G6.761 J-41,761

N1l G2 X20 YO [-41.761 J-16.761

N1Z2 G40 G47 A5

Deletion of compensation on contour (G40} and depar-|
ture conmand (G47).

N13 TO

"Delete tool compensation values,

N14 GO Z100 M30.

Tool retracted in Z, end of program,
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Compensation on contour
Rounding of internal corners — G61

!
o | E-:
8 B I
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Programmed contour
Compensated cutter path

—=16.761

-25

@
G Dimensions in nm
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6. Programming — Tool motions

Compensation on contour/Bevelling

A corner may be bevelled at the intersec-
tion of two straight lines. You simply
program the point of intersection.
next block must contain the command G8
(bevelling of corners) and the length of
bevel under an R address (R min 0.02 mm).
Bevels may be programmed while a compen-
sation on the contour is active.

INPUT DIAOLG

The angle between the bevel and the two
adjacent surfaces is always the same,

The

with programmed length of bevel — G8

R
Length of
bevel R
1 N Median line
{bisecting
\1ine of angle)
| ot
G8 Bevelling of corners
The control requests:
R Length of bevel

N12 K-75 ¥5

EXAMPLE .

% 80 Program number

N1 GO 2100 Tool change.  Assign Z axis to length compensation

N2 G17 T1 and call tool compensation values.

N3 GO 22 5+500 Positioning in Z and spindle start.

N4 Z-10 F30 M70 Blocks skipped tempararily because of M70.

NS F100 M70 ,

NG G42 G495 A3 HX-75 ¥95 G0 GGBO MEOD call of compensation on contour (G42) and approach |
: command (G45}. ‘

N7 X-5 Milling of contour. .

N8B GB RZ Bevelling of corner (length of bevel 2 mm).

N9 Y55

N1D GB8 R3 Bevelling of corner (length of bevel 3 mm).

N1l X-25

Bevelling with programmed length of bevel.

IN13 G40 G645 AS

Deletion of compensation on contour.

N14 TO

Delete tool compensation values.

N15 GO Z100 M30

Tool retracted in Z, end of program.
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6. Programming — Tool motions

Compensation on contour/Bevelling
with programmed length of bevel - GB

%45

YaRis

58
80

2x45
o] | ——

75 -

100

55

N,
N
¢

. / ' 5
o
» s . .

Dimensions in mm
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6. Programming ~ Tool motions

3D interpolation

3 D interpolation means that simulta-
necus motions in up to 3 of 4 axes are
obtainable. Tool length compensation is
permissible,
contour (G41/G42} is not permissible.

EXAMPLE
Straight cut

A three-dimensional tool motion along a
straight line between two points requires
linear interpolation of the control in
three axes. : :

radius compensation on the

% 85 Program number
N1 GO Z100 Tool retracted for tool change.
N2 Gi17 T1

Tool change. Assign Z axis to length compensation
and call tool compensation values.

N3 GO x40 YBO Z2 S$+4000

Tool moves to point PO1 {X40, Y60,

Z2) at rapid
rate; spindle speed S+500.

N4 Z-12Z F100

Downfeed to 7—12 {feed rate 100 mm/min).

NS X20 Yi0 Z~-8 FZ00

Linear tool motion from POl to POZ2 (feed rate 200
mm/min).

NG TO

Delete tooi compensation values,

N7 GO Z100 M30

Tool retracted in Z, end of program.
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6. Programming — Tool motions

3D interpolation
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6. Programming — Tool motions

EXAMPLE
Spiral cut

3D interpolation with C axis

% 90 Program number
Ni GO Z100 Tool change. Assign Z axis to length compensation
NZ .G17 T1 and call tool compensation values.

N3 GO X0 Y10 ZZ CO 5+B00

Tool moves to point above workpiece surface at rapid
rate.

N4 Z-15 F150

) Downfeed in Z.

NS Y30 Z-25 G270 F250

Milling of spiral slot: NC rotary table motion
through 270° with simultaneous downward tool motion
along angular straight line.

NB TO

Delete tool compensation values.

N7 GO Z100 M30Q

Tool retracted in Z, end of program.
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6. Programming — Tool motions

3D interpolation with C axis

Section A-B

A 15
_+ i

—] 1) [

Cutter path
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6. Progranmming — Progranming aids

Subroutines

1f a workpiece reguires several identi-
cal machining operations, such opera-—
tions need be programmed just once in a
subroutine.

A differentiation is made between the
following:

® macros,

e local subroutines,

¢ subroutine blocks,

Macros

A macro is a subroutine stored indepen—

dently of the main program. The control
is equipped with a macro memory storing
the macros separately of the program
memory under a macro number identified
by the address %0%*.....

To enter a new macro you first select
mode 13 and, similar to opening a main
program, open a macro number by entering
%0*..... (see Chapter 7). Then you
change over to mode 11, call the macro
number just opened and enter the macro
block by block (see Chapter 7).

Such macros can now be called in any
main program by entering %0% and the
macro number, ,

Macros must not contain an end-of-pro-

Macro memonry
—)%0 * {
BO*2

BO*3

gram command (M2 or M30), otherwise er-
ror code 76 appears on the display
screen,

Local subroutines

Local subroutines are always part of a
main program and can thus only be called
within such main program.

In the program memory, local subroutines
are stored under the number of the main
program:
* % number of main program .

% number of main program -* number of
subroutine. .

Within a main program you select mode 11
and enter the local subroutine under %
number of main program *  number of
subroutine.

Local subroutines must not contain an
end-of—-program command (M2 or M30}, oth-
erwisé error code 76 appears on the
display screen.
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6. Programming — Programming aids

Subroutine blocks
Subroutine blocks may be programmed
within a main program.

They may be called (= executed) in any
desired program block. Subroutine blocks
carry the address N* and a subroutine
block number.’

Subroutine block numbers are freely se—
lectable between N*0 and N*9999, the
number having no effect on the sequence
of execution within the program.

Subroutine blocks are called by their
block numbers. Each number has to be
called separately.

Subroutines greatly simplify the pro-
gramming of drilling and milling cycles.

*Subroutine
call
*
[Nz ¥~
* oy
N...N*2 | —

-

N*1

[ N#2

A program part repetition is not permissible within a subrou-

“tine block.
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6. Programming — Programming aids

Program part repetition — L
':Ah‘y part or parts of a program may be re-
pgated between 1 and 99 times at any

..point within a program.

A program part repetition is called by an

L address,
INPUT DIALCG Program part repetition
when an L address with a two-digit number The control requests:

{defining the number of repetitions) has
been entered, the contreol requests the L  Number of repetition desired

addresses shown on the right. N  Block number of 1ist block of
These should be completed and transferred program section to be repeated
to the control by pressing the transfer N Block number of last block of
key. ' program section to be repeated
The call of a program part repetition is For up to four repetitions:
also valid for macros stored in the macro | N* Subroutine block numbers to
memory and for local subroutines and sub— be substituted in a repetition
routine blocks stored in the main pro- (if not required: transfer key)

gram memory.

The block numbers N... requested in the
input dialog are in this -case simply
overwritten by % O...., %...*... or
N*...., respectively.

A block with an L address must not contain any words other
than the block numbers of the program section to be repeated,
and the subroutine blocks, if any.

The first block in a program part repetition must always be
a main block.

Program part repetition
with subroutine substitution

Program part repetitions can be pro-
grammed in such a way that each repeti-
tion contains a subroutine for which a

-
L}
o -
different subroutine is substituted in S -
the next following repetition. & B
Up to 4 different subroutines may be .-.: n % -
called in this way. If more than 4 sub- ¢ S I -
routines are required, several program ¥ ‘g
part repetitions with subroutine substi- l
tution have to be programmed. l d|
el N2 N*¥
INPUT

See program part repetition
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6. Programming — Programming aids

Nesting

It is also possible to repeat a program
part in which a program part repetition
has already been programmed. This pro-
cedure is called 'nesting’.

Nesting is permissible up to 16 times:
the 'nesting depth' is then said to be
16. If it is exceeded, error message 76
will appear on the display screen.

Program part
repetition

]Tll

'Nesting

Unconditional jump — LO N...

This command is used for programming an
unconditional jump to a certain block:
you enter the block number from which the
control is to continue the machining ope~
ration.
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6. Programming — Programming aids

Macros

Example

The milling pattern in this example is
to be programmed by rotating the coordi-
nate system three times: once through an
angle of 15° and twice through an angle
of 120°, :
The contour is defined just once in a
macro,

LAQS ) Progra;rn number
P NL GO Z100 Tool change.  Assign length compensation to Z axis
‘N2 517 T1 and call tool compensation values.
N3 GSE W1S IO JO Rotate coordinate system through an angle of 15° for

first contour {see page 6-74}.

N4 ZO#1 FZ230 S+2300

Call macro. Coordinates programmed in macre are
now applied to rotated coordinate system.

NS G35 W120 I0 JO

Rotate coordinate system again through an angle of
120° for second contour (see page 6-74).

NG O]

Call macro. Second contour is machined.

N7 L1 NS NE

Program part repetition: rotate coordinate system
again through an angle of 120° for third contour.
Call macro. Third contour is machined.

N8 G533 TO

Return coordinate system to start position (page
6-74).

NS GO Z1i00 M30

Tool retracted in Z axis, end of program.

N3 G4l G47 A2 XI5 Y10 Gl G&O MG1
N4 G3 XI5 ¥Y-10 IO J-10

N3 X33 .

NE Y10

N7 X13

i& G40 G47 AZ

N9 GO Z2

Macro
A0#1 Macro number
:é 291‘315 Yo 2z Macro contains program blocks for milling the con-

tour.
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6. Programming — Programming aids |

Mac ros

10
13

77777

17

[T 777777777 L

Z

100

100

Dimensions in mm
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6. Programming - Programming aids

Local subroutines
Example

In the following example, the contour is
first machined in two roughing passes,
using a roughing cutter. This is fol-
lowed by a tool change for finishing the
contour with a finishing cutter at in-
creased feed rate and spindle speed.

The contour is programmed as a subrou-

tine called once for each cut.

Although the contour is machined three
© times, it need be programmed just once.

% 97

1st depth

2nd depth

3rd depth

Program number

NL GO Z100
NZ 817 7%

Tool change. Assign length compensation to Z axis
and call tool compensation values. '

N3 GO X-55 Y-&% EI FiZS 5-2000 Tool moves to comtour at rapid rate,
N& %a1 Z-5 Rapid downfeed to Z-5 (1st depth),
Call subroutine. .

= ua: T-5.8 Rapid downfeed to Z-8.8 {2nd depth).
NS %#. -3 Call subroutine again,
NS TO Delete tool compensation,
N7 GO Z:00 Tool change, call new tool compensation values.
N3 T2 . .
NE 50 HK-53% Y-=33 ZZ Fi50 =S+Z300

New tool moves to contour at rapla rate.

Higher
feed rate and spindle speed for finishing cut.

NiQ

Rapid downfeed to Z-10 (3rd depth).
Call subroutine.

N1l TO

Delete tool compensation.

N1Z GO Z100 M30

Tool retracted at rapid rate, end of program,

Subroutine
% 57 *]

Subroutine number

Nl G5l Gés AL A—-40 r-37.5 Gl GsD nMel

Tall linear interpolation and gontouring control.

¥—-12.5
‘G7 RS

N2 Xi3

NS G3 X15 Yi2.5 10 J12.5
NG 3-30

N7 G7 RS

N8 Y37.5%

NZ X-3

NI Hag V31
Nii G7 R7.3
N1Z V-37.5
N13 G3 RLO
M1

NZ
N3

Call compensation on contour and mode of approach.
Milling of contour.

X-a1
NiS G40 G4T Al

NiG GO X-TFT v-20

pelete compensation of contour.
ing point at rapid rate.
End -of subroutine.

Tool moves to start-
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6. Programming — Progranming

Local subroutines

aids
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6. Programming - Programming aids

Program part repetition

EXAMPLE vl
Simple program part Y
repetition
& i=!!!!||l.|rl
/ X
%95 - _ Program number
Eé 2?72'%?0 Toel change. Assign length compensation to Z axis

and call tool compensation values.

N3 GO 22 S5+300

Positioning in 7 and spindle start.

N4 G91 2-11 F100 W70

"~ Blocks skipped temporarily because of M70.

NS G42 G45 Al X100 YB GO Gby Mbd

Approach command: tool moves parallel to contour to
point X10 Y6. Downfeed in Z axis by Z-11 (chain
dimension) because of G391 in block N4,

NG G300 X40 FZ0O

N7 Y44
NB K10

N9 YB

Call absolute input; workpiece is machined.

Ni0 G40 G4S Al

Delete compensation on contour.

Ni1°'L1 N4 NI1©O

Program part repetition from N4 to N10. Tool again
downfed by Z-11 because of G&1 in block N4, Starting
position in block N3 was Z2. 2x (-11) = —22; thus
total downfeed = -20.

N1z 10

Delete tool compensation.

Ni3d GO £1n0 M30

Tool retracted in Z axis, end of program.
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20

50
38

10 30

50

" Dimensions in mm
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6. Programming — Programming aids

Program part repetition with
subroutine substitution

EXAMPLE
Centering
Drilling
Tapping
Tool table:
T1 R AL-60 A (centering drill)
T2 R ALO A (twist drill)
. T3 RALEC A- (tap)
4105 Program number
N1 GO Z100 Tool retracted in Z and tocl change. Assign length
N2 G17 T1 compensation to Z axis and call tool compensation.
N3 GO ZZ2 Positioning in Z, .
N2 N#1 GO X830 Y50 Tool moves to programmed coordinates; drilling cycle -
NS N#1 GO X130 Y80 N*1 {centering) performed (for GB1 see page 6-88).
NG N#1 GO X180 ¥30
N7 TQ Delete tool compensation,
MNB GO Z140 Tool retracted in Z. .
NG T2 Tool change, call tool compensation.

N1O LI N3 NB NxZ

Program part .repetition of blocks N3 to NB,
N¥2 substituted for Nx1.

Cycle N*¥2 (drilling} performed.

Ni1 T3 Teol change, call tool compensation.
N1iZ2 GO Z3 Positioning in Z.
N13 L1 N4 NB N#*3 .

Program part repetition of blocks N4 to N8.
N*3 substituted for Nx1.
Cycle N*3 (tapping - G84) performed.

End of program.

N14 M30

N#¥1 GB1 FZ00 5+3130Q Centering
N#2 GB1 F1§0 S+300 Drilling
N#3 G84 FIND S+200 Tapping
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6. Programming — Programming aids

Program part repetition with
subroutine substitution

80

g

50

SN
N
Mi2x1 |

80 28
- 130 40
180
Y
i
80 ] ’ @ A
DN w6
50 ‘ggf——@
3
M _ :
- X

130
180 X

Dimensions in mm
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6. Programming —?Programming'aids

Program part repetition

EXAMPLE
Nesting
% 400 Program number
N1 GO _Z190 Tool ch Assign length compensation to Z axis
NZ G17 T1 ool change.  Assign leng D
and call tool compensation.

N3 GO XIS Y15 ZZ S+2000 '

: Tool moves to start position for machining 1st slot.
N4 Z0O F80 Downfeed in Z axis; from here start of first chain

dimension.
NS G91 Z-2Z FA8o Downfeed in Z in chain dimension.
NG X235 F125 Milling at first depth (1st pass).
N7 2=< P80 Milling at d depth (2
N8 X-25 F125 illing a2 secon ep (2nd pass).
N9 L3 NS5 N8 Program part repetition for further depths,
ao ‘ . .

:}_? go s Call absolute dimensions; tool retracted in 7 axis.
N1Z2 GO X690 Milling of 2nd and 3rd slots.
N13 L1 N4 Nit
N14 GO X30 YB3
N1S L1 N4 NIl
N1G TO Delete tool compensation.
N17 GO Z100 M30 Tool retracted in Z axis, end of program,
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6. Programming - Progr‘zmming'aids

Program part repetition |

15

a0

" 7 N 7 ™
-3 — T iy J
_f\ ' L ¥
15 30 —GD 100
]
Y
A 28,
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-
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/ . a0 w - W Dimerisions in mm

Cutter path
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6. Programming — Programming aids

Mirror imaging

Mirror imaging means that the control
changes signs of the the mirror-imaged
coordinates.

If mirror imaging about one axis is used,
the contour is machined

~ mirror-inverted,

- on the other side of such axis,

- in the same size and

~ at the same distance from the axis.

y >

The cutting direction along the contour
is automatically reversed,

If mirror imaging about two axes is used,
the procedure described above is per-
formed twice consecutively.

This means the contour is again machined
the right way round. The same applies to
the cutting direction.

The starting points of drilling and
milling cycles can also be mirror—imaged,

y =

but the cutting direction in cycles al-
ways remains the same.

Zero offsets may be mirror-imaged as
well,
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6. Programming — Programming aids

Mirror imaging - M81 to M86

Mirror imaging is called by programming
any of commands M81 to M86. Command MSO
qeletes a previously activated mirror
imaging operation.

Relationships:

Commands M80 to M86 are self-retaining

If, for example, M81 is progranmed in a
block, the signs of all subsequent X and
I coordinates in the program are changed:
the contour is machined mirror-inverted.

If a repetition of a program section with
a contour is pregrammed after command
M81, such contour will be machined once
more, but again mirror-inverted (with
opposite signs in X and I).

M function

Sign change in

M81
MB2
MB83

M84
M85
M86

M80

X and
Y and
Z and

X, I, nd J
X, I, Z and K
Y, J, Zand K

N XRCH
W

Deletion

Contour

contour
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6. Programming - Programming

Mirror imaging
EXAMPLE

Mirror imaging about
one and two axes

aids

% 110 Program number

N1l GO Z100 -Tool change.  Assign length compensation to Z axis.

M2 GL7 Ti and call tool compensation values.

N3 Z#1 Call subroutine: upper right contour is machined.

N4 %x¥1 M81 Call subroutine with mirror imaging of X coordinate
by change of sign: upper left contour is machined.

NS -/:.*1 Ma4 c;'a_ll subroutine with mirror imaging of X and Y coor-
dinates by change of signs: lower left contour is
machined. )

NG Z#1 M8Z Call subroutine with. mirror imaging of Y coordinate
by change of sign: lower right contour is machined.

N7 TO Delete tool compensation.

M8 GO Z100 M30 Tool retracted in Z axis, end of program.

%110 *] - , Subroutine number ’

N1 GO M47 YO Z2 S+2000 Subroutine contains commands for milling the con-

= = tour.

M2 Z~10 F100

N3 F2Z09Q

N4 G41 G45 AZ ¥45 Y10 Gi1 GEO MEL ‘

NS X110

NB Y30

N7 GB R10

N8 X435

N9 G7 R153

N1O Y10

N1l G40 G435 AZ

N1Z GO ZZ2
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6. Programming — Programming aids -

Linear and rotary offset
of coordinate system

The coordinate system may be relocated,
which means moved to, or rotated about,
any desired point in the course of a pro-
gram.

From the block in which such a relocation
is programmed, all coordinates are based
on the new coordinate system,

If several identical machining operations
have to be performed at different points
on a workpiece, the coordinate system may

- be shifted or rotated, as required, and
then the cutting operations simply be re-—
peated.
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6. Pr‘bgr-am_ning ~ Programming aids

Linear and rotary offset

of coordinate system

A relocation of the coordinate system may
be. composed of

- a linear offset

and

— a rotary offset.

In the same way, the coordinate system

may only be shifted in a linear direction
or only be rotated about a pole (point of
rotation).

If a linear offset and a rotary offset
are programmed at the same time, the con-
trol will proceed in the following order,

First, the coordinate system is shifted
paraxially. This results in the estab~
lishment of an 'intermediate coordinate
system' which will then be the basis for
defining the coordinates of the pole.
Finally, the coordinate system is rotated
about this pole through the desired
angle.

There are two alternatives: absolute or
additive offset.

An absolute linear or rotary offset of
the coordinate system is always based on
the original coordinate system used when
the machine was set up.

An additive linear or rotary offset is
always based on. the current coordinate
system. .
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6. Programming — Programming aids

Additive linear/rotary offset
of coordinate system — G55

INPUT DIALOG g . .
‘ G55 Additive linear/rotary offset of -

When command G55 has been entered, the coordinate system
control requests the addresses listed on The control requests:
the right.
The relocation is always based on the [x (v,z,¢) Offset in 1ist axis (if only
zero point of the current paraxial coor- rotation without linear off-
dinate system, set: transfer key}

Y (z,C) Offset in 2nd axis

W Angle of rotation of coor-

dinate system (if only rota—
tion without linear offset:
transfer key)

I(J)(K) 1st coordinate of pole

J{K) (K} 2nd coordinate of pole

The coordinates of a pole are referred to
the already displaced 'intermediate coor—
dinate system'.

If a linear/rotary offset is already ac-
tive, the values refer to the zero point
of the last preceding 'intermediate coor-
dinate system',

Subsequent rotary offsets are only per-
missible if the pole ({(referred to the
'intermediate coordinate system') remains
the same.

Main relocation X,YV Pole coordi- [I,] Angle reference X+
plane parallel to ... |Y,Z nates with J,K axis parallel to ...| Yr
plane Z,X addresses LK axis X+
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6. Programming — Programming aids

Absolute linear/ rotary offset
of coordinate system — G56

INPUT DIALOG

When command GS56 has been entered, the
control requests the addresses listed on
the right. . '

The relocation is always based on the ab-
solute program zero point as defined in
- setting up of the machine {(see page 4-8)
‘of by G54 (set actual value, page 6-78).

The coordinates of the pole should
be based on the already relocated
'intermediate coordinate system'.

G5b6 - Absolute linear/rotary offset of
coordinate system
_The control requests:

X {Y,Z,C} Offset in st axis {(if only
rotation without linear off-
set: transfer key)

y (Z,C) Offset value in 2nd axis

W Angle of rotation of coordi-

nate system (if only rota-
tion without linear offset:
transfer key) ’

I{J)(K) 1st coordinate of pole
JIKY(K) 2nd coordinate of pole
Y"

Main relocation XY Pole coordi- I,J | Angle reference X+
. plane parallel to ... |v,z nates with J,K axis parallel to ...| Y+
plane Z,X addresses LK axis X+
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6. Programming — Programming aids

Set actual value — G54

Command GB4 assigns new coordinate values

to the current tool position.

Y Y
xI
- X

Command G54 is not permissible as long as GB5/G56 (additive or

absclute linear/rotary offset of the coordinate system) is ac—

tive in a program )

Remedy: first write command G53 (return to program zero)..

Command G54 is not permissible as long as compensation on con-

tour is active {(between G41/42 and G40).

EXAMPLE

% 115 : Program number

Ni GO X1iQ ¥S Tool moves to X10 Y5 (based on program zero as de-
fined in setting up the machine) at rapid rate.

NZ G54 KO YO Coordinates X0 and YO are assigned to current tool
position which is thus made the new zerc point of
the coordinate system.

N3 GO ®10 ¥S Tool moves to X10 Y5 {based on new zero point) at

' rapid rate. _ .
This point would have had the coordinates X2 Y10 in
the old coordinate system. -
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6. Programming — Progranming aids

Return to program zero — G53

Linear and/or rotary relocations of the
Coordinate system can be cancelled by
conmand GB53.

Command G53 deletes commands G54, G55 and
G56: all subsequent coordinates (X, Y, Z,
C) in the program are again based on the
original program zero defined in setting
up the machine.

A block with G53 may contain a feed motion.

motions (GO) are not permissible.

When changing the mode of operation or
operating the emergency stop, the program
is interrupted and the control 'forgets'
any linear or rotary offsets programmed
by G54, G55 or G56. For re-entry and
continuation of program after program
interruptions see Chapter 7.

Rapid traverse

Moving to reference poiht - G52

Command G52 {with input of the desired
axes) serves to move the machine slides
in these axes their respective reference
points at rapid rate.

EXAMPLE

% 120 Program number

All machine slides move to their reference points in

block N10. _
{CO can be used to move the NC rotary table to its

reference point, see page 6-145),

N1OQ GSZ2 X0 Y0 Z0O CO
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6. Programming — Programming aids

of coordinate system

EXAMPLE
Linear and
rotary offset

In this example, a drilling pattern is
successively rotated three times about
the same angle, The zero point of the
coordinate system is first placed at the
pole {(point of rotation) and then the co-
ordinate system is repeatedly rotated by
the additive method.

‘Additive linear/rotary offset
~ Gbb

Program number

% 125

Ni GO Ziogd Tool change. Assign length compensation to Z axis

NZ G17 T1 and call tool compensation values.

N3 GO Z2 Pesitioning above workpiece surface at rapid rate.

N4 G55 H30 Y10 Additive linear offset of coordinate system by 50 mm
in X axis and 10 mm in ¥ axis: all subsequent coor-
dinate data are now based on new {offset} coordinate
system.

NS N#1 GO X35 YO Drilling pattern is machined.

NG N#x1l GO X435

N7 N#1 GO X35 V10

NB GS5 W35 10 JO Additive rotary offset of coordinate system about

zero point (I 0, J 0} of current paraxial coordinate
system; angle of rotation 35°. All subsequent coor-
dinate data are now based on new (rotated) coordi-
nate system.

N8 L3 NS N8

Blocks N5 to N3 repeated three times, each time with
35° rotary offset (rotary offsets are added), then
drilling pattern is machined.

NiOQ GS3 Delete ‘limear and rotary offset: all subsequent co—
ordinate data are again based on the original pro—
gram zero point.

N1l TO Delete tool compensation.

N1Z GO X0 vo Z100 M30

Tool retracted im Z and positioned  above program
zero. End of program.

-

N#1 GB1 F100 S+2300 Z-10

Subroutine contains drilling cycle GB81.
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Additive linear/rotary offset
of coordinate system — G55
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6. Programming — Programming aids

Absolute linear/rotary offset
of coordinate system - G56

EXAMPLE
Linear and
rotary offset

% 130

Program number

" iN1 GO Z100

N2 G17 T1

Tool change. Assign length compensation to Z axis
and call tool compensation values.

N3 GO ZZ

Positioning above workpiece surface at rapid raté.

N2 GSB XG0 Y1

Linear offset of coordinate system {absolute} by €0
mm in X axis and 10 mm in Y axis: all subsequent co~
ordinate data are now based on new (offset} coordi-
nate system.

NS N#1 GO X35 ¥0

NG N#1 GO. X495
N7 N#1 GO X33 Y10

Drilling pattern is machined.

NB G368 K30 YZO0 W30 ID Jo

Absolute linear and rotary offset of coordinate sys—
tem, based on program zero (G56): first, linear off-
set of XS0 Y20, then rotary offset ahout relocated
zero point (IO, JO): all coordinate data are now
based on the new {offset and rotated) coordinate
system.

N9 L1 N3 N7

Program part repetition: drilling pattern machined.

N10 G56G K40 Y30 WSS I0 Jo

Renewed absolute linear and rotary offset of coordi-
nate system, based on program zero (G56); see block
NB.

‘M11 L1 NI N7

Program part repetition: drilling pattern machined.

Delete linear and rotary offset: all subsequent co—

N1Z GI3 ordinate data are row again based on the original
- program zero point,
N13 TO - Delete tool compensation.

Ni4 GO Z100 M30

Tool retracted in Z axis, end of program.

N#1 GB1 F100 5+1230 Z-10

Subroutine contains driiling cycle G81.
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Absolute linear/ r'otar'__y offset
of coordinate system — G56
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6. Programming — Cycles

Drilling and milling cycles

Cycles are preprogrammed sequences of
commands for frequently used cutting ope-
rations,

" The necessary tool motions are calculated
and performed by the control automati-
cally. Programming of cycles is dialog-—
assisted by the control: upon entering
the cycle call, the control requests all
the data to be entered.

Cycle call commands:

Milling cycles

G71 - Milling of rectangular pockets {roughing, conventional)
(page 6-102)

(page 6-104)

1 G72%1 — Milling of rectangular pockets — corner radlus programmable
{roughing, climb and conventional)
{page 6-106)

G73 -~ Milling of rectangular pockets (finishing to size)
{page 6-110)

(page 6~112)

G74*1 - Milling of rectangular pockets — corner radius programmable
{finishing to size with intermediate stop)
{page 6-114)

G75 = Milling of pins
{page 6-118)

G76 - Milling of circular pockets
(page 6-120)

G77 -~ Milling of external threads
(page 6-124)

G78 - Milling of internal threads
{page 6-126)

. G79 - Milling of contour pockets

{page 6-128)

G72 - Milling of rectangular pockets (roughing, climb and conventional)

. G74 - Milling of rectangular pockets (flnlshlng to size with intermediate stop)
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6. Programming — Cycles

Prilling cycles

@81 - brilling

{page 6-88)

G82 - Drilling with intermittent infeed
{page 6-00)

G83 - Deep drilling
(page 6-92)

G84 - Tapping
{page 6-94)

GB5 — Reaming
(page 6-96) _

G86 — Boring, tool retracted with spindle stopped
{ page 6-08}

G87 ~
Hole patterns
(page 6-136)

G88 - Patterns on circular arcs
{page 6-140)

Drilling cycles can be performed with
either the vertical or - the horizontal
spindle. In the latter case, the axis
. addresses requested by the control have
‘to be .altered accordingly. This also
applies to plus and minus signs.

* In the event of input errors proceed as follows:

- when you have entered a wrong word, use delete key on NC
keyboard {23), but NOT during graphic display of cycle, and
reprogram the entire cycle; .

- when you find an error upon completion of input, you'may
correct each word in the cycle separately. In this case, al-
ways check all the signs used in the cycle,

6-85




6. Programming — Cycles

Safety allowance

The drilling (boring, milling etc)} depth
should be programmed in chain dimensions
in all cycles, The depth to be pro-
graimmed is the sum of the drilling or
milling depth (as specified in the part
drawing) and a safety allowance. | T safetyaliowance
The safety allowance is determined by
the position of the tip of the tool
before the cycle is called.

Tool position
before call of cycle

i

SO

Drawing dimensions

TN

NN Y

7/
00

2nd plane

In all cycles, a second plane can be
programmed. At this level, the tool can
move across the workpiece without col-

liding with an obstacle (see illustra-
tion}.

2nd plane + safety allowance

bt e v o . ——

At the beginning of a cycle, the tool is

advanced at rapid rate by the amount : -'.
programmed as a second plane. At the ’ ] ‘ -
end of the cycle it is again retracted s e sl il M ]

to such second plane at rapid rate. Safety allow anowa.nce

///

Feed rate

///// Y

In practice this means that, if a 2nd plane is programmed in a
cycle, - the tool ({(in the preceding block) has to be posi-~
tioned in such a way that its distance from the workpiece is
exactly equal to the sum of safety allowance + 2nd plane,
otherwise the tool will either jam into the workpiece at rapid
rate (if the distance is too small} or fail to move down to
the desired drilling depth (if the distance is too large).
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6. Programming — Cycles

Graphics support
for input of cycles

If you press the INFO key on NC keyboard
(23) upon calling a cycle, a graphic dis-
play of the cutting operaticn appears on
the display screen (see page 7-26}.

The screen graphics assists you in the
input dialog:

The contrel requests the cycle parameters
in the sequence identified by reference
numerals in the display: the first Z
value requested is the distance identi-
fied by numeral 1, etc. In addition, the
respective cycle parameter is shown high-
lighted.

S —
— T

: . 2 —_— ____L

1 Y Ty T 1 i

NG —
]

682 i ®
F r ‘2 r\—;- i
S o S ! i
~ : § b hd v AR 1
]

RPN - i
riilole koA _=
G4F | bowmm 33 : ¥ !
) Y K : ‘
72— ;
AN g L S

6-87




-

6. Progranming — Cycles

Drilling - G81

Tool drills to the programmed drilling
depth at the programmed spindle speed and
infeed rate, then returns to its start ZorY
position at rapid rate.
e S e e X
T *
i
&
[~
.
i
-
. -
[:::i) Feed rate
- Rapid rate
- INPUT ‘DIALOG GB1 Drilling cycle

The control reguests;

F Feed rate

S+ BSpindle speed (sign can be changed)

Z Sum of drilling depth plus safety
allowance (sign can be changed)

G4 FDwell (transfer key if not req'd)

Z 2nd plane (transfer key if not re-
quired)

When programming a 2nd plane do not forget to position
the tool before starting the cycle. '
Enter tool length compensation.

EXAMPLE
for vertical spindle:
%133 Y Program number
N1 N#1 GO X1S YO-Z12 Tool moves to start position at rapid rate. At that
' i ... point subroutine N*1 is called and cycle GB1 per-
™ formed.

N#1 GB1 F300 S+1QQ0 Z-27 G4 F"]( 2107 subroutine block defines the cycle.

for horizontal spindle:

4140 Program number
N1 N#1 G0 X155 Y1z 20 Tool moves to start position at rapid rate, At that
point subroutine N#1 is called and cycle G&81
performed.,

N#i1 G831 F500 S+1000 Y-27 G4 F1 Y10D  Subroutine block defines the cycle.
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6. Progranm'ing' ~ Cycles

Drilling - G81

3

25
SO

N
NN

15

@

+2 4

+12 e b T D2

- Safety allowance

Drilling depth +

vl

safety allowance

15

——s= Feed rate

= == Rapid rate

Dimensions in mm
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6. Programming — Cycles

Drilling with intermittent infeed — G82

Tocl drills to the programmed drilling
depth at the programmed spindle speed and
feed rate.

The operation is performed in steps with
the tool being advanced by an infeed in-
crement and then retracted by a small
amount (lift-off) for breaking the chip.
This procedure is repeated until the full
depth has been reached.

At the end of the cycle the tool returns

to its start position at rapid rate.

INPUT DIAOLG

When programming a 2nd plane do not forget
the tool before starting the cycle.
Enter tool length compensation.

Feed rate’

Rapid rate

G82 Drilling cycle with intermittent
infeed

The control requests:

F Feed rate

S+ Spindle speed (sign can be changed)

Z- Sum of drilling feed and safety al-
lowance (sign can be changed)

Z—- Infeed increment

z Lift—off

G4 F Dwell (transfer key if not reguired)

z 2nd plane (transfer key if not re-
quired}

to position

EXAMPLE
for vertical spindle:
%145 Program number ]
- . Tool moves to start position at rapid rate. At that
N1 N#2Z GO X135 YO Z1z point subroutine N*2 is called and cycle GB2 pe

formed.

N#2 G882 F300 5+1000 7-62 Z-15 Z0.ZS

Subroutine block defines the cycle.

g4 FO.3 Z10
for horizontal spindle:
%150 - Program number
e Gn w13 Y12 20 Tool moves to start position at rapid rate. At that
N1 N#Z GO A - point subroutine N¥2 is called and cycle GB2 per-

formed.

oo

382 FSO0 S+1000 Y¥Y-582 Y—-13% Y0.Z3

Subroutine block defines the cycle.

G4 Fo .S w10




6. Programming — Cycles

Drilling with intermittent infeed - G82

m—-bl@ﬂ ——

15

S

75

|

+ safety allowance

+
1
ZoryY
: ‘ N 1 2nd plane
+12 - — nduiuai et

| Ko

b =
. S 1 |H ‘\
-1 : MGafety allowance
L 1 v02s
. ]
—15 <]
1t | f
|~
t 114
E L 1 | +0.25
|1 swets ¥ Lift-off
' o~ |
N2
2 UL Lvoas
L.
F 1 L BV
-15 1 T Infeed
-— ¥ increment
~t o]
A ﬂ
-52 [ -l | . Drilling depth +
//1 safety allowance
e
-]

—a Rapid rate
— wam Feed rate (in steps)

Dimensions in mm
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6. Programming — Cycles

Deep drilling — G83

Tool drills to the programmed drilling
depth at the programmed spindle speed and
feed rate.

The operation is performed in steps with
the tool being advanced by an infeed in-
crement and then retracted to the start-
ing position at rapid rate. The drill is
then advanced again at rapid rate, but
keeps a programmed distance from the
bottom of the hole. This is followed by
another drilling step: infeed increment
and .return to start position.

If a reduction of the infeed increment is
- programmed, the infeed increment will be
reduced by such amount after each cut.
The procedure is repeated until the pro-
grammed depth has been reached. At the
end of the cycle the tool returns to its
start position at rapid rate.

CINPUT DIALOG

(. Ao
X

GG
NN ARV AN

- Rapid rate

G83 ODeep drilling cycle

The control requests:

F Feed rate

5+ Spindle speed (sign can be changed)

rZ— = Sum of drilling depth and safety al—

lowance (sign can be chandedy ™

FZ—— IAfeed increment

Z- Distance from bottom of hole 1in
each step

Z- Reduction of infeed increment

G4 F Dwell (transfer key if not requ'd)

Z 2nd plane (transfer key if not re-
quired)

when programming a 2nd plane do not forget-to position

the tool before starting the cycle.
Enter tool length compensation.

EXAMPLE

for vertical spindle:

%155

Program number

N1 N#3 GO X135 Y0 Z12

Tool moves to start position at rapid rate. At that
point subroutine N*3 is called and cycle G83 per-—
formed.

N#3 G83 F300 S5+1000 Z-92 Z-1Z

Subroutine block defines the cycle.

Z-0.25 Z-1 Z10
for horizontal spindle:
Y1B0 Program number

N1 N#3 GO X1S YI1Z Z0

Tool moves to start position at rapid rate. At that
point subroutine N*3 1s called and cycle G83 per—
formed.

N23 GB3 F300 S+1000 Y-92 Y-12

Subroutine block defines the gycle.

Y-0.25 Y-1 Y10
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6. Programming — Cycles

Deep drilling —~ G83

—] P pet—

15

ZoryY
‘ Ni. 2nd plane + safety allowance
+12

N I
42 9L ey __&F_q_jmlw__@___ X
&) =T -
- /f : / R Safety allowance
J T B

-12 y ¥ 3

é ) {V]-o02s
i

/w:- E .

11 . ] Distance from

| D P ’/_0'25 bottom of hole
1L /1 '
-4 -
9 1T ?—o 25

'ﬁ“ /

-3 T ot Infeed

. jf ¥oq=0:25 inerement
Ay 7 —_—
% -
-2 | | p Drilling depth + -
- : : :: safety allowance .
. oL = Rapid rdte
i ] = wim Peed rate (in steps)
L . Dimensions in mm
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6. Programming — Cycles

Tapping — G84

Tool taps to the programmed depth of the
thread at the programmed spindle speed
and feed rate.

Then the spindle rotation is reversed and
the tool moves back to start position
" where the spindle is reversed again.
Feed rate override control (6) is inop—
erative during a tapping cycle.

INPUT DIALOG

when programming a 2nd plane deo not forget to position the

tool before starting the cycle.
Enter tool length compensation.

A tapping cycle cannot be continued in the event of an inter-
ruption, - but the spindle rotation is automatically reversed

and the tool removed from the thread.

Tapping has to be completed by hand in this case.

EXAMPLLE

for vertical spindle:

Feed rate

GB4 Tapping cycle
The control requests:

F Feed rate ( spindle speed x lead of
thread

S+ Spindle speed (sign can be changed)

Z—-  Sum of tapping depth and safety al-
lowance (sign can be changed)

z 2nd plane {transfer key if not re-
quired)

%185

Program number

N1 N#4 GO X135 Ya 2135

Tool moves to start position at rapid rate. At that|’
point subroutine N¥4 is called and cycle G84 per-
formed.

N#4 G884 F100 S+100 Z-21 Z14

Subroutine block defines the cycle.

for horizontal spindle:

4170

Program number

N1 N#4 GO X135 Y15 ZO

Tool moves to start position at rapid rate. At that
point subroutine N*4 is called and cycle GS4 per-
formed.

N¥4 GB4 F250 S+230 Y-21 Y10

Subroutine block defines the cycle.
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6. Programming — Cycles

Tapping — G84

Me

-

25
6
D, N . W I W . W . %

15

&

Zor¥
15 ‘ N1 2nd plane + saftey allowance
, _ (TN
min, 5 —9 -{'\ —-——-L —}_--—-—-— ———————— b—x
i 31 13 'f\
| ; 1 Safety allowance
11-th
14
s
z% 1
!
oy A4 Tapping depth +
. ] safety allowance
—= Rapid rate
--= Feed rate

15‘

Dimensions in mm

6-95




6. Programming — Cycles

‘Reaming — G85

The tool reams to the programmed depth at
the programmed spindle speed and feed
rate, then returns to its start position
in the same manner.

INPUT DIALOG

When programming a 2nd plane do not forget
the tool before starting the cycle.
Enter tool length compensation.

EXAMPLE

for vertical spindle:

AﬁL.
v [}
1

)

H

{

L
/i

1

t

I

I

i

I

1

!

1

1

t

N NN RN
AN ANNNNNNNRNNNNNY

Feed rate

GBS Reaming cycle
The control requests:

F Feed rate

S+ Spindlé speed (sign can be changed)

Z— Sum of reaming depth and safety al-
lowance (sign can be changed)

&4 F Dwell (transfer key if not requ'd)

z 2nd plane {(tranfer key if not re-
quired)

to position

Al75

Program number

N1 N#5 GO XBS Y0. =12

Tool moves to start position at rapid rate. At that
point subroutine N*5 is called and cycle G85 per—
formed.

Subroutine block defines the cycle.

N#5 GBS FS500 S+1000 Z-30 G4 FS Zi0o
for horizontal spindle: '

%180

Program number

N1 N#5 GO X85 Y1Z Z0

Tool moves to start position at rapid rate. At that
point subroutine N*5 is called and cycle GB85 per—
formed. -

N#5 G85 F500 S+1000 Y-30 G4 FS Y10

Subroutine block defines the cycle.
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6. Programming — Cycles

‘Reaming — GB85

8s _ﬂg,sw [
— _ | I
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' | U
= [/
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2nd plene .+ saftey allowance N1
L e I B
'?\Safety allowance % : | ;
% 17
/ i ﬁ
Fa = a4
Z AT~ 7
717
. 7 { P
Reaming depth + LA
-0 safety allowance L, 7
Y
27
—s— Rapid rate
- —m Feed rate

85

Dimensions in mm
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6. Programming -~ Cycles

Boring, tool retracted
with spindle stopped —~ G86

Tool bores to the programmed boring depth
at the programmed spindle speed and feed
rate, then returns to its start position
at rapid rate with the spindle standing
still. o
- —_§ “““““ V"""‘ _______
| .
Z
Zg
Z —)
?
% Feed rate
.
Z ,
2 i
Rapidrate]
24 x .
INPUT DIAOLG : G86 Boring cycle, tool retracted with
- spindle stopped :
The control requests:
F Feed rate
S+ Spindle speed (sign can be changed)
Z-  Sum of boring depth and safety al-
lowance (sign can .be changed)
G4 F Dwell (transfer key if not requ'd)
Z Znd plane {tranfer key if not re—
quired)

when programming a 2nd plane do not forget to position
the tool before starting the cycle.
Enter tool length compensation,.

EXAMPLE
for vertical spindle:
%185 ‘ ' - Program number
'y T : : Tool moves to start position at rapid rate. At that
Nt N#G GO X8B3 YO 212 . point subroutine N*6 is called and cycle GS6 per—
formed.

N#E GBE FS00D S+1000 Z-25 G4 F3 Z10 Subroutine block defines the cycle.

for horizontal spindle:

7180 Program number
N sy : Tool moves to start position at rapid rate. At that
N1 N¥G GO X8F Yi1Z 20 point subroutine N*6 is called and cycle G86 per-
formed.

N#8 GHB FZ00 S+1000 Y-25 G4 FS Y10 Subroutine block defines the cycle.

6-98




6. Programming — Cycles

Boring, tool retracted
with spindle stopped — G86

210

Al

as

15

75

Safety allowancel F

Boring depth +
safety allowance

N6
e — ]

~25

X

——* Rapid rate
= —™ Feed rate

85

Dimensions in. mm
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6. Programming — Cycles

‘Milling of rectangular pockets

For rectangular pockets, the coordinate
system should be placed in such a way
that two coordinate axes are parallel to
the side walls of the pocket.

The coordinate for the longer side
should always be entered first in reply
to the input dialog.

In cycles G71, G72, G73 and G4, the
signs of the data entered determine the
start point of the cycle. In cycles
G72%1 and G74*%1, the start point is
always in the centre of the pocket.

When the first coordinate has been First enter X First enter Y
entered, +the control requests all other
data with the correct sign, even though
a sign for the length -or width or depth
of a pocket may have been changed.

X/Y plane (use of vertical spindle)

Start point 1 Start point 2 Start point 1 start point 2
G711 I Suimm ¥ ' Gn G71 meemen? v G71
F F F z F
S+ U S+ 5+

“ X Tt X- 'Y Y-
D D D fa}

X X- Y Y-

Y Y- x- X

Y Y X— X

F . F CF Qe ity g

Z- Z- ) Z- x Z-

Z- x Z- p Z-

Z- Z- Z- Z-

z z z z
X/Z plane (use of horizontal spindle)

Start point 1 I  start point 2 Start point 1 : Start point 2

G711 G711 drart sist 3 E:”

F g S5+

S+ * .

. X— vz ZD—
D- 0 s
X~ Z X
Z X .
z X F
F F v
Y= Y- -
Y-~ Y- Y-
¥ Y- Y-
Y Y Y

X
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6. Programming — Cycles

Before a cycle is called, the tool should
be positioned as follows:

When the vertical spindle is used,

- enter X and Y coordinates of centre of
pocket (point of intersection of symme-
try axes) and,

- in the Z axis, enter coordinate of the
highest point on the workpiece surface
plus a safety allowance.

When the horizontal spindle is used,

- enter X and Z coordinates of centre of
pocket {point of intersection of symme-
try axes and,

= in the Y axis, enter coordinate of that
point on the workpiece which projects
farthest from the surface, plus a safe-
ty allowance.

 Tool positioning in milling cycles

Yor Z
|
| Centre of
pocket
I i % - .
YorZ
Safety allowance
G—==== a7 e
7
G A

X

6- 101




6. Programming —~ Cycles

Roughing, conventional

Rectangular pockets — G71

1 Tool moves to start point.

Tool advanced by infeed increment in
Z* at start point.

2-3 Longer side of pocket machined up to
finishing allowance, then 1lift-off
and return to start point at rapid
rate.

4 Tool advanced by infeed increment in
Z* and then by feed increment in Y*
(max 0.8 x cutter dia),

5-14 Repetition of steps 24 up to fin-—
ishing allowance in X and Y*,

15  Removal of cutter marks, then return

to start position in Z*,

1-15 Steps 1-15 repeated until finishing
allowance in Z¥* has been reached.
Finally, tocl returns to start posi-
tion at rapid rate,

INPUT DIALOG

G71 Recﬁtangular pockets,
roughing, conventional
The control reguests:

n

Feed in X and Y
S+ Spindle speed (sign can be changed}

b

Final dimension in X :
(sign and axis can be changed)

D Tool compensation number
{if not required: transfer key)

X Finishing allowance in X and'Y

Y Final dimension in Y
(axis can be changed)

Y Feed increment in ¥ (for square
milling: press transfer key)

F Infeed rate in 2

Z- Final dimension in Z + safety
allowance {(sign can be changed)

Z—- Infeed increment in Z
{number of passes)

Z- Finishing allowance in Z

z 2nd plane (if not regquired:
transfer key)

before starting the cycle.

Never forget 2nd plane and positioning of tool

EXAMPLE
1} for use of vertical spindle*
%195 | Program number
NO G17 T1 Assign length compensation to Z axis and call tool

compensation.. .

N1l N#1 GO X51 ¥28.5 ZZ

Tool moves -to centre of pocket at rapid rate, then

N*1 is called and cycle G71 performed.

N#1l G71 F300 5+1000 X390 X0.35
Y43 Y8 F100 Z-20 Z-3 Z-0.5

subroutine block defines the cycle.

* Use of horizontal spindle: interchange Y

and Z axes.
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6. Programming - Cycles

Rectangular pockets — G71
Roughing, conventional

Y Final dimensicn in Y Fimal dimension in X
\ \Feed increment ip y Finishing allowance
: in X and Y
| ]
A

Centre of pocket

|

|
I
1

w s e — — o ——— ——

90 =X

v

+2 - e R
_A \ ’ 5 ‘ / —w—X
173 ey
-20 XY ,é“ L'—'.'-—.——',——-'_-—— s & /
G %%
/Inf‘eed increment in Z '
Final dimension in Z + safety allowance _ '
Finishing allowance in Z
Petail
' A
Finishing allowance ' Finishing allowance
Dimensions in mm in X and Y in Z
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6. Programming — Cycles

Rectangular pockets - G72
Roughing, c¢limb and conventional

Tool advanced by infeed increment in
Z% at start point.

2 Longer side of pocket machined up to
finishing allowance

3 Tool advanced by infeed increment
in Y* (max 0.8 x cutter dia),

4-10 Repetition of steps 2-3 up to fin-
ishing allowance in X and Y*.

11 Removal of cutter marks alcng one

1 Tocl moves to start point. (/, a\\

wall.
12  Lift-off, return to start point at

rapid rate. —> Feed »Start point <4mm Rapid
13 Infeed motion and removal of cutter

marks on other wall. Return to

start point in Z* at rapid rate.

1-13 Steps 1-13 repeated until finishing
allowance in Z* has been reached.
Finally, toocl returns to start
position at rapid rate.

INPUT DIAOLG

G72 Rec{angular pockets, Y Feed. increment in Y {for square
roughing, climb and conventional milling: transfer key)
The control reguests: E Infeed rate in Z

F Feed in X and Y Z- Final dimension in Z + safety

5+ Spindle speed {sign can be changed) allowance (sign can be changed)
Final dimension in X Z- Infeed increment in Z
{sign and axit can be changed] {number of passes)

>

D Tool compensation number - Z~ Finishing allowance in Z
{if not reguired; transfer key) z 2nd plane (if not required:
Finishing allowance in’'X and Y transfer key)

Y Final dimension in Y
{axis can be changed)

Nevér forget 2nd plane and positioning of tool before starting the cycle.

EXAMPLE
‘for use of vertical spindle*
K200 o Program number
WND Gi7 T1 As;ign length compensation to Z axis and call tool
compensation.,
N1 N#2 GO K51 vZe.s Z2 Tool moves to centre of pocket at rapid rate, then

N*2 is called and cycle G72 performed.

N#Z G72 FSOO S+1000 HI90 }(-o'-s Y45 Subroutine block defines the cycle.

¥g8 F100 Z-20 Z-5 Z-0.5

* Use of horizontal spindle: interchange Y and Z axes.
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6. Programming — Cycles

| Rectangular pocketsle G72
"Roughing, climb and conventional

Final dimension in Y Final dimension in X

Y
A Feed increment in Y ' Finishing allowance
\ _ in X and Y
: | —/
. ’ L]
\\ A

_——— e ~
Q
Centre of pocket / -

il lin

Y

Z
+2 — ur
A \NFT =X
@ /
' | '
wi
Infeed increment in Z ) -
Final dimension in Z + safety allowance’
Finishing éllowance in Z
Detail
A : B
A
- Finishing allowance _ Finishing allowance
Dimensions in mm in X and Y ] . in 2
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6. Programming — Cycles
Rectangular pockets — G72 * 1
Roughing, climb and conventional
Corner radius programmable

34

fined space;

Tool moves to start point.

Rapid downfeed to safety allowance.
Tool advanced by infeed increment in
Z at start point (centre of pocket)
at infeed rate.

Pocket cleared out. Transverse feed
parallel to contour and perpendic—
ular to longitudinal axis of pocket.
Infeed by infeed increment in Y (max
0.8 x cutter diameter). Pocket is
cleared out in G64 up to last cut
but one.

In last cut, tool approaches contour
in semi-circle (G46) with radius of
0.5 x infeed increment, or 2.5 mm if
increment is smaller than 0.5 mm.
Last cut performed in mode G60.
Departure in semi-circle (G46) with
radius of 2.5 mm. (Exception: con-
in this case radius =
0.25 x smaller pocket wall.)
Lift-off and rapid return to start
peint {centre of pocket).

Steps 1-7 repeated until pocket
depth {(final dimension in Z + safety
allowance) minus finishing allowance
has been reached.

INPUT DIALOG

XG)SE'H

x

G72%1 Rectangular pockets;

roughing, climb and conventional,
corner radius programmable

The control requests:

Feed in X and Y

Spindle speed (sign can be changed)
Cutting direction (2 = G2, 3 = G3)

Pocket length, final dimension in X
(axis can be changed)

Finishing allowance in X and Y
(note that allowance value -
entered is applied to each -side}

Pocket width, final dimension in Y
(axis can be changed)

Feed increment for clearing
out in Y {square milling:
transfer key)

Corner radius

Infeed rate in Z
Final dimension in Z + safety
allowance (sign can be changed)

Infeed increment in Z
(number of passes)
Finiéhing allowance in Z

2nd plane {(if not required:
transfer key)

Never forget 2nd plane and positioning of tool
before starting the cycle.
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6. Programming —- Cycles
Rectangular pockets — G72 * 1

Roughing, climb and conventional
Corner radius programmable

Y Final dimension in Y Final dimension in X
Feed increment in Y Finishing allowance
/ in X and Y
1

Corner radius i

S I/

@ : \ X

I X
ﬂﬁﬁ' ‘
(.ot
Infeed increment in Z
Final dimension in Z + safety allowance
Finishing allowance in Z
i - E
‘ &/
Finishing allowance Finishing allowance - R .
in X and v in Z Dimensions in mm
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6. Programming — Cycles

'Rectangular pockets — Gr2 * 1
Roughing, climb and conventional
Corner radius programmable

EXAMPLE

for use of vertical spindie yd
- ‘
)

X
%2153 Program number
N1 GO Z10¢ : Tool change, assign length compensation to Z axis
NZ G17 T1 and call tool compensation.
N3 N#1 GO XS0 Y40 Z25 Tool moves to centre of pocket at rapid rate, then

"N*1 is called and cycle G72 * 1 performed.

N#1 G72#1 F250 5+0 G3 XB0O X1 ; :
YEO vg H1B F125 Z-14 Z-B Subroutine block defines the cycle.

Z-0.1 ZZ3

* Use of horizontal spindle: interchange Y and Z axes.
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6. Programming - C_yéles
Rectangular pockets — G72 * 1
Roughing, climb and conventional

‘Corner radiu

S programmable

Z

0 {8 -X
}g e '/
Y
i
80
80
el | \
i
40 - g
\ | J
o~@ - X
B :
2 :
Y
4
— 80 ‘
80 -
/<*‘}( KO \
| S
| - 1
40 ] il" = o 2
_ I el
\ , ; .
N < S
o-»@ X
|
° 8 ‘Cc_, Dimensions in mm
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6. Programming — Cycles

Rectangular'pockets - G73
- Finishing to size

1 Tool moves to start position.
Tool advanced by infeed increment
in Z¥ at start point. //i 17
2-5 Pocket contour machined; each com- : - ()
plete cycle followed by infeed in- i 1
crement until full depth has been i 3 éa &)
reached. [ ] (k) A
6 Tool backed away from contour by 48 . Y3y
fixed safety margin of 0.3 mm in 3 7L
X and Y*¥. Qi 16))
7-15 Pocket cleared out as in G 72. )
16 Tool retracted to start position in \\‘_ -
Z*¥ axis. Infeed in Z* at 1/2 feed Feed ; :
rate to final dimension minus pro- => . = Start point WP Repid

grammed distance from bottom of
pocket.
17-20 Machining of pocket contour.

16-20 Steps 16-20 repeated until finish-
ing allowance in X and Y* has been
reached.

Finally tool returns teo start posi-
tion at rapid rate.

INPUT DIALOG

G73 Rectangular pockets,
finishing to size
The contreol requests:

F Feed in X and ¥ Y Feed increment in Y {for square
S+ Spindle speed (sign can be changed) milling: transfer key)
x Final dimension in X ) F Infeed rate in Z

(sign and axis can be changed) Z- Final dimension in Z + safety

D Tool compensation number allowance (sign can be changed)

{if not required: transfer key) Z-  Infeed increment in Z

X Finishing allowance in X and Y (number of passes)
X Feed increment in X and Y Z- Finishing allowance in Z
in finishing z 2nd plane (if not required:

Y Final dimension in Y - transfer key)
{axis can be changed)

Never forget 2nd plane and positioning of tool before starting the cycle.

EXAMPLE
for use of vertical spindle#®

“205 Program number
NO G17 T1 _ Tool change, assign length compensation to Z axis

and call tool compensation.

N1 N=#3 G0 X51 ¥28.5 Z2

Tool moves to centre of pocket at rapid rate, then
N*3 is called and cycle G73 performed.

N#3 G73 F200 S+1600 X90 X0.5 X0.25

: R . le.
v45 Y8 F100 Z-20 2-5 Z-0.1 Subroutine block defines the c¢ycle

* Use of horizontal spindle: interchange Y and Z axes.
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6. Programming —~ Cycles

- Rectangular pockets - G73
Finishing to size

Y final dimension in Y Final dimension in X
A . Feed increment in Y Finishing allowance
‘ in X and Y [
\ ]
L
VA A,

fFinal dimension in Z

Detail

’ ﬁ B
| A
A/
+0.5: - finishing allowance in X Distance from -
+0.25: feed increment in X and Y bottom of pocket

{number of passes)

Dimensions in mm
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6. Programming - Cycles

Rectangular pockets - G74
Finishing to size with intermediate stop

1-6
7-15

17-20

16-20

Same as G73

Clearing off pocket as in G72.
Return to start position and auto~
matic intermediate stop: tool can
be moved by means of push buttons
{7) without change of mode.

Part can now be measured and new X
and Y* feed increments entered.
Restart cycle by push button (20).

Tool automatically positioned in X -

and Y* using the new feed incre-~
ments. Infeed in Z* to final dimen-
sions minus programmed distance
from bottom of pocket.

Machining of pocket contour.

Steps 16-20 repeated until fipal
dimensions in X and Y* have been
reached.

Finally, tool returns to start po-.

sition at rapid rate.

N

ey
)
puest

Y

(

1)
L

—
LY
[S,
g
OIS

X

s
)
et

=
U

L
N
-

Y

=
o

¢

\_ /

> feed » Start point MEEP Rapid

INPUT DIALOG

G74 Pocket milling, finishing to size
with intermediate stop Y Finishing allowance in Y
The contrel requests: when cycle is machined once
. up to 1st intermediate stop
F Feed in X and Y Y Feed increment in Y (for square
S+ Spindle speed (sign can be changed) milling: transfer key)
X Final dimension in X E Infeed rate in Z
{sign and axis can be changed) Z-  Final dimension in Z + safety
D Tool compensation number allowance (sign can be changed)
{if not required: transfer key) 7~  Infeed increment in Z
X  Finishing allowance in X {number of passes)
when cycle is machined once Z- Finishing allowance in Z
Y  Final dimension in Y Z  2nd plane {if not required:
{axis can be changed) transfer key)
EXAMPLE

for use of vertical spindle*

4210

Pregram number

NO G17 TI1

Tool change, assign length compensation to Z axis
and call tool compensation.

N1 N#4 GO XSI Y28.5 Z&

Tool moveé to centre of pocket at rapid rate, then
weqd is called and cycle G74 performed.

N#4 G74 FZ00 S+1B00 XS0 X0.4 Y45
¥0.2 YB F100 Z-20 Z-35 Z-0.1

Subroutine block defines the cycle.

* Use of horizontal spindle: interchange Y and Z axes.
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6. Programming — Cycles

Rectangular pockets — G74 * 1
Finishing to size with intermediate stop
Corner radius programmable.

Y Final dimension in Y Final dimension in X
A Feed increment in Y Finishing allowance
in X and Y
!

\ .
T

- T;fx —————— T )
Q 1 : R +8 . Centre of pocket | /
+28,5 . 1l
o | I /
| } '
! I
. S S Y
0—— \J — I X
x24I 90 __
4 ) -
= 0
+

18

. | ’ | safety allowance
+2 PN & 4 /|| N, e
. J—
] \/ % -5 ' >

1 i 2
/W/%//

Final dimension in Z

Detail

A £ B8
+0.4: finishing allowance in X Distance from
+0.2: finishing allewance in Y bottom of pocket

Dimensions in mm
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6. Pr'ogranmihg - Cycles
Rectangular pockets — G74 * 1 |
Finishing to size with intermediate stop
Corner radius programmable

1

7-11

12

2-12

Tool moves to start point.
Tool advanced by infeed increment in

Z at start point.

Transverse feed perpendicular to
longitudinal axis of pocket.
Semi-circular approach of contour
(radius 0.5 x feed increment).
Milling of contour (G60).
Semi~-circular departure from contour
{radius 2.5 mm}. _

Toocl retracted to safety plane at
rapid rate and positioned to centre
of pocket,

Steps 2-6 repeated until pocket
depth (final dimension in Z + safety
allowance) has been reached,

Pocket cleared out.

Return to start position and auto- .

matic intermediate stop: tool can
be moved by means of push buttons
(7) without change in mode.

Part can now be measured and hew X
and Y¥ feed increments entered. Re-~-
start cycle by push button (20).
Tool automatically positioned in X
and Y¥ using the new feed incre-
ments. Infeed in Z* to final dimen-
sions minus prodrammed distance from
bottom of pocket.

Steps 2-12 repeated until final di-
mensions in X and Y* have been
reached. Finally, tool returns to
start position at rapid rate.

INPUT DIAOLG

Lc, 141}

\& l: _IEI

[ 4
N

——) Feed »-5Start point seesdp Rapid

G74*1 Rectanoular pockets, Tinishing

XGJSETI

L=}

to size with intermediate stop,
corner radius programmable

The control reguests:

Feed in X and Y
spindle speed (sigpn can be changed)
Cutting direction (2 = G2, 3 = G3}

Pocket length, fimal dimension in X
{axis can be changed)

Tool compensation number
[if not required: transfer key)

Finishing allowance in X
whenh ¢ycle is machined once
up to 1st intermediate stop

Pocket width, finzl dimension in Y
{axis ¢an be changed)

Finishing allowancé in Y
when cycle is machined once
up to 1st intermediate stop

Feed increment for ¢learing
out in Y (square milling:
transfer key)

Cerner radius
Infeed rate in Z

Pocket depth, final dimension
in Z + safety allowance
[sign can be changed)

Infeed increment in Z
{number of passes)

Distance from bottom of pocket
after irmediate stop

2nd plane (if not required:
transfer key)

Never forget 2nd plane and positioning of tool

before starting the cycle.-
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- 6. Programming - C_ycles

Rectangular pockets — G74 * 1

Finishing to size with 1nter'med1ate stop

Corner' radius programmable

Final dimension in ¥ Final dimension in X

Finishing allowance
in X and v /

Feed increment in Y

/
\ /1 A

— <
/ -

© —
Z
j safety allowance
%’[ ______ = X

7777277777775

/Infeed increment in Z

Distance from

g

Final dimension in Z + safety allowance

B

(g
7

Distance from -
bottom of pocket

Detail

Finishing allowance in X
Finishing allowance in X

bottom of pocket

Dimensions in mm
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6. Programming — Cycles

Rectangular pockets — G74 * 1
Finishing to size with intermediate stop
Corner radius programmable =

EXAMPLE

for use of vertical spindle

A220

Program number

N1 GO Z1090
N2 G17 T2

Teol change, assign length compensation te Z axis
and call tool compensaticn.

N3 N#2 GO X50 Y40 Z25

‘Tool moves to centre of pocket at rapid rate, then

N%4 is called and cycle G74 * 1 performed.

N#2 G74#1 F315 S5+0 G3 XBY ¥0.5

YBD Y0.5 YIZ RIB FZ00 Z-14
£-10 Z-0,1 Z23

Subroutine block defines the cycle.

* Use of horizontal spindle: interchange Y and 7 axes.
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6. Programming - Cycles
Rectangular pockets — G74 * 1
Finishing to size with intermediate stop

Corner radius programmable

z

:‘E' l//'/I/I!fIIII /

B8O

o ft——— 0 —————]

2 8
2
Y
L
80
80
.
9, | = ke
@ ' \\*
e N
R vk
! L I e s, e R |
40 S 2
S U U
v . '

]
50
100

Dimensions in mm
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6. Progamming — Cycles

Milling of pins - G75

1 Tool moves to starting point. Tool
advanced by infeed increment in 2Z*
at starting point.

2-4  Pin rough-machined; each cut fol-
lowed by infeed increment in X,

5 Semi-circular approach to last cut.
Radius = 1/2 infeed increment, at
least 2.5 mm. '

6 Milling of pin to final size in X*
7 Semi—circular departure, radius
2.5 mm,

1-7 Steps 1-7 repeated until final
dimension in Z has been reached,

» Feed

INPUT DIALOG

675 Milling of pins
The control requests:
Feed at cutting edge of tool

F
S+ Spindle speed (sign can be changed,
if not required: transfer key)

9]

Cutting direction — enter G2 or G3.

P

External radius + safety allowance
{axis change permissible)

D Tool compensation number
(if not required: transfer key)

X Radial infeed (max: cutter diameter)

Y Radius of pin
Finishing allowance of pin
F Downfeed rate in Z

Z-  Final dimension in Z + safety
allowance

Z— Downfeed increment in Z
{number of passes)

Z— Finishing allowance in Z

Z 2nd plane (if not required;
transfer key)

Never forget 2nd plane and positioning of tool

before starting the cycle.

EXAMPLE

for use of vertical spindle*

© %225

Praogram number

NQ 'G17 T1

Aésign length compensation to Z axis and call tool
compensation.

N1 N#3 GO X40 Y40 Z2

Tool moves to centre of pocket at rapid rate,
then N*5 is called dnd cycle G75 performed.

N#5 G735 F1205 S5+1600 G2 X50 XB Y20
YD.4 F100 Z-20 Z-3 Z-0.1

Subroutine block defines the cycle.

* Use of horizontal spindle: interchange Y

and Z axes.
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6. Progamming —‘Cycles
Milling of pins - G75

External radius +

Y safety allowance in X
T T ety '

\
e

////_

Pin Infeed
increment in X

40

Finishing™=

allowance . .
- Pin radius
QP‘Y in Y / .

0 @)
0\3//

Z
7 T Safety allowance
+2 - X é X
Qr@} | IS
- B -
' Y 7 - 'L i[-BF—
—20 7 /I N

Downfeed Final Finishing
increment in Z dimension in Z allowance in Z

Detail
+0,4 —0.1
Dimensions in mm '
| . A V B - - -
+0.4: finishing -0.1: finishing
allowance in Y allowance in Z
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6. Programming — Cycles

Milling of circular pockets — G76

1 Tool advanced by downfeed increment
in z*, then infeed to 1st cut. If
programmed internal radius = 0, or
smaller than or equal to tool com-
pensation value: tool motien in X
and Z* at feed rate,
radius = larger than tool compensa-
tion value: tool motion to internal
radius at rapid rate.

2-6 Pocket rough-machined; each cut fol-
lowed by infeed increment in X#.

7 Semi~circular approach to last cut.
Radius = 1/2 infeed increment, at
least 2.5 mm. If there is no room
for this approach,
duce radius accordingly.

8 Milling of circular pocket to final

size.

9 Semi-circular departure, radius =
2.5 mm. If not enough room, con-
trol will reduce radius.

1-9 Steps 1-9 repeated until final

dimensicn in Z* has been reached,

INPUT DIAOLG

If internal

control will re—

ﬁ Feed

mp Rapid rate

S+ Spindle speed (sign can be changed,
-if not required: transfer key)

G Cutting direction - use G2 or G3.

X%  External radius + safety allowance
{axis change permissible)

D Toel compensation number
{(if not required: transfer key)

G76 Circular pockets X Rad@al finishiqg allowance
The control requests: X Radial infeed 1pcrem%nt
{max = cutter diametér)
F Feed rate in circular cuts Y Internal radius—safety allowance

F Downfeed rate in Z

Z- Final dimension + safety allowance
Z— Downfeed increment in Z
{number of passes)

Z-  Finishing allowance in Z

d 2nd plane (if not reguired:
transfer key)

Never forget 2nd plane and positicning of tool before starting the cycle.

EXAMPLE
for use of vertical spindle*
: .7_236 Program number
' NO Gi7 Ti1 Assign length compensation to Z axis and call tool
compensation.

N1 N#5 GO X40 Y40 Z2 S+1000

Tool moves to centre of pocket at rapid rate, then
N*6 is called and cycle G76 performed.

N#8 G78 F200 G2 N22.5 0.5 XB YO
F100 7-20 Z-6 Z2-0.4

Subroutine block defimes the cycle.

* Use of horizontal spindle: interchange X and Y axes.
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6. Progamming — Cycles

Milling of circular pockets — G76

Radial finishing
allowance in X

Y

A

External radius in X

Centre of pocket

+40

‘Dimensions in mm

0 0—*@ ‘ i
45

Radial infeed increment

Internal radius minus
safety allowance -
{if existing pocket
is increased in size)

T

X

I T

ol

—

Safety allowance

[

| +2 @

.18

[7

—20

Downfeed

G/ 2/

Final dimension in Z

increment in Z ///

Finishing allowance

Dimensions in mm

> X

Detail A

—0.4: finishing allowance in Z
+0.5: finishing allowance in X
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6. Programming - Cycles

G2

Z- or Y~

G3

Z+ or Y+

G2

Z+ or Y+

G3

Z= or Y-

Thread milling

This ‘cycle permits the machining of
single-start or multi-start threads by
means of thread milling cutters.

Right~hand and 1left-hand threads are
programmed by linking the cutter rota-
tion with the feed motion as required
{see illustrations).

Right—-hand threads are obtained when the
following combinations are used:

clockwise rotation

and

feed motion in negative
axis direction)

counterclockwise rota-
tion and

feed motion in positive
axis direction

Left-hand threads are obtained when the
following combinations are used:

clockwise rotation

and
feed motion in positive
axis direction

counterclockwise rota-
tion and

feed motion in negative
axis direction

Cutter rotation

|

&)
N
Tt =l
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6. Programming — Cycles

Thread milling

The approach of, and departure from, the
contour is by means of a quarter circle
or semi-circle,

The radius is freely selectable or can
automatically be calculated by the
control on the basis of thread diameter,
lead and cutter diameter.

The smallest possible radius is 1 mm.
The control automatically allows for the
amount of infeed required for the circu-
lar arc at the bottom of the hole. In
blind holes, the tool will thus not move
deeper than to the level of the pro-
grammed cutting depth.

Multi-start threads are obtained by
using pitch x number of starts as the
programmed lead value. The cycle will
then be machined several times, depend-
ing on the number of starts, with the
coordinate system being rotated through
the required angle after each cut.

Max lead obtainable:

Xx - 2D

Max lead = 2

where D = compensation value

Max tool compensation value usable:

D = 0.256 x X%
max

* X = minor or nominal diameter
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6. Programming - Cycles

External threads — G77

1 Quarter—circular approach of thread
cutting position.

2 Milling of external thread,

3 Quarter—circular departure from
contour.

| INPUT DIALOG

G77 External threads X
The control requests:
Feed rate at cutting edge

n

S+ Spindle speed (if not required:
transfer key; sign can be changed) 7

G Cutting direction: use G2 or G3

X* Minor diameter of thread -
(axis can be changed) :

D . Tool compensation number Z
(if not required: transfer key)

Allowance on thread diameter
{sign can be changed)

Appproach radius
(if to be calculated by control:
transfer key)

Lead of thread
{sign can be changed)

Final dimension in Z
{+ safety allowance)

2nd plane _
(if not required: transfer key)

Never forget 2nd plane and positioning of tool before starting the cycle.

EXAMPLE
for vertical spindle*
: w395 Program number
NO G117 Ti Assign length compensation to Z axis and call tool
compensation,
N1 N#7 GO X40 Y40 ZZ S+1000 Tool moves above pin axis at rapid rate, then N*7 is
called and cycle G77 performed, )
N#7 G77 F160 G3 X33.546 X-0.1 Cycle containing subroutine block.
' atr zZz2 Z-37

* Use of horizontal spindle: interchange X and Z axes.
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6. Pr'ograrrining ~ Cycles

External threads - G77

-0.1: allowance on thread

Y Allowance on
minor diameter
l Nominal diameter
2 | N
/4 p E
[ &
40 L 1 l\ \x\ t
s :
- P ,
™~ Pin axis
| 9: '
Az
Safety allowance
| L ) ___.é_ .
s . @ . k P
o~
. F
. ec !
.‘,‘-;E
554 )
' a7 — Las
~inal dimension in/
Detail

. . Dimensions in mm

+2.0: lead of thread
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6. Programming - Cycles

Internal threads - G78

1 Quarter-circular approach
of thread cutting position.

2 Milling of internal thread.

3 Quarter~circular departure
from contour,

INPUT DIALOG

G78 Internal threads
The control requests:

n

Feed rate at cutting edge

' St Spindle speed (if not reguired:
transfer key; sign can be changed)

G Cutting direction: use G2 or G3
X* Nominal diameter of thread

D  Tool compensation number (if not re-
guired: transfer key); max cutter
dia: 0.5 x thread nominal dia

X— Allowance on thread diameter
(sign can be changed)

A Appproach radius
(if to be calculated by control:
transfer key)

Z—- Lead of thread
(sign can be changed)

Z-~ Final dimension in z7
(+ safety allowance)

Z  2nd plane
(if not required: transfer key}

Never forget 2nd plane and positioning of tool

before starting the cycle.

EXAMPLE
for vertical spindle#*
%240 Program number
NO G177 Ti Assign length compensation to Z axis and call tool

compensation,

-Nl N#8 GO X40 Y40 Z2 S5+1000

Tool movés above centre of bore at rapid r‘a.i:é, then
N*8 is called and cycle G78 performed.

‘N#8 G78 F180 G3 X36 X0.1 Al Z1.5 Z-23 Cycle containing subroutihe block.

* Use of horizontal spindle: interchange X and Z axes.
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6. Programming - Cycles

Internal threads — G78

AY

Allowance on
thread diameter

/_

Thread diameter
L=

40 4§

~\\\Centre of bore

-
X

Safety alldwance

1 L

+2 : . !&\\ - - vl it

% | H.:' X

dimension

Ychain

Final dimensidn in Z

N
N

Detail

Dimensions in mm

—0.1: allowance +1.5; lead of thread
{2 x 0.005 mm)
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6. Programming — Cycles

Contour pockets — G79

The control permits the programming of
pockets

- of any desired external contour and
- with up to 7 *islands'.

The individual contours are programmed
consecutively, for example —

first the pocket,

then islands in the pocket (if any),
then pockets in the islands (if any),
etc.

Such progrmn blocks are preceded by a
 block with the address G79.
contains information on how the stock
inside the pocket is to be cleared out.
The program blocks with the pockets and
islands are followed by a block with the
address M78/M79. This informs the con-
trol that all contours between the block
with G79 and the block with M78/M79 are

elements of 'a contour pocket.

The following points should be observed

in writing the program:

=~ the outline of the pocket should be
programmed as an internal contour,

— the islands as external contours and

— additional pockets in the islands
again as internal contours.

M78/M79

If a contour pocket is concluded by com—
mand M79, the tool will move back to the
retraction plane when the pocket has
been cleared out.

Command M78 is used for clearing out a

contour pocket in several passes.

If M78 is used, the tool w111 again move
above the -starting point of the first
contour when the pocket has been cleared
out, and will then be downfed to the
last preceding cutting depth.

This facilitates the repetition of the
operation at a new cutting depth.

R

This block

| G 79 ] Call of contour pocket |
I G 41742
5 ’ External contour
[ G 40 )
[ G ai/az ]
E ist island
| G 40
[ G 41742 l
3 Znd island
L G 40
{ G 41/42 |
3 Pocket in island
G 40
M 79 End of contour poclm
Z

i

M79

M78
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6. Programming - Cycles

Contour pockets - G79
"INPUT DIALOG

Data input for calling a contour pocket
is dialog-assisted by the control. Upon
calling G790 and pressing the transfer

. key on NG keyboard (23), the control
requests the addresses 1listed on the
right. These should be completed as re-
quired and transferred to the control by
pressing the transfer key.

Feed increment for clearing out pocket

The coordinate determines the axis of
incremental feed, the sign controls the
feed direction.

Cutting direction

The sign determines at what point and in

-what direction the tool starts clearing
out the pocket (value always to be other
than 0). o

Tool length compensation number

- If the workpiece is machined with a cut-
ting tool for which tool length compen-
sation .has been programmed, this compen-
sation must be programmed here as well.
If no length compensation is required,

- the tool table must not contain any en-—
try for the tool length. For D... press
transfer key. '

Distance from next pocket bottom

Tool moves from retraction plane to pro-
grammed distance at rapid rate, and from
there to full pocket depth at feed rate.
Transfer key without numerical input:
tool moves at rapid rate all the way.

Feed rate
- Feed rate used for clearing out pocket;

Retraction plane

This is the Z value to which the tool is
retracted in clearing out a pocket.

End of contour pocket — M78/79

A block with'NWB or M79 indicates the
end of a contour pocket.

*Use of horizeontal spindle: interchange
Y and Z axes. ' ‘

G79: Call of contour pocket
The control requests:

X(Y}(Z)*  Feed increment and axis

direction for clearing out

pocket

Y{X)(2) Starting point and cutting
direction for clearing out

pocket
Feed rate for clearing out
Z  Lift-off in Z

D Tool length compensation number
{if not required: transfer key)

Z Distance from botton of pocket
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6. Programming — Cycles

Contour pockets

EXAMPLE
Clearing out in a single pass
%245 Program number
N1 GO Z100 Tool change.  Assign length compensation to 7 axis
N2 G17 T1 and call tool compensation, :

N3 G79 Y5 X1 F100 22

Definition of pocket: feed 100 mm/min and pocket
cleared out in X axis, starting in lower left cor-—
ner. Feed increments 5 mm in Y axis after each cut.
Islands cleared at a distance of 2 mm from top sur-
face.” - : ’ .

N4 GO ZZ S+2500 M70

Tool is positioned at rapid rate to point above
workpiece surface upon call of compensation.

NS -Z-3 FiOO M70

Downfeed to cutting depth upon call of compensation,

NE G41 G47 A2 X5 Y25 GO GBO MG1
N7 Y5 ' 8
N8 G7 R4.5
Ng-X78 .
N10 G7 R1S
N1i X387 Y75
Ni2 G7 R8
~N13 X5 YBS
‘Ni4 G7 R4.S
NiS Y25 -
N16 G40 G47 AZ

Milling of external contour.

G41 G47 .A2 X15 Y25 G1 GB! MB1

G2 IS Jo.
G40 G47 A2

N17
N18
N19

~ Milling of circular island.

Go 22
z-5 M70

NZ0
NZ1

Lift—off and renewed downfeed to cutting depth upon
call of compensation on contour.

G41 G45 Al X35 ¥S5B GO GBI MB1
X70

N22
N23
N24 ¥32.3

N235 G2 X35 Y32.5 I-17.5 JO
NZE "Y58 .

N27 G40 G45 Al

~ Milling of island,

N28 GO ZZ
N29 Z-5 M70

Lift~off and renewed downfeed upon call of -compensa~-
tion on contour. ST

N30

N31
N32

N33

N34
N335

G3 X67.5 Y32.5 I15 JO
¥Y40.,5 -

G3 -X37.5 Y40.5 I-13 JO
¥32.5

G40 G47 AZ

G41 G47 A2 ¥37.5 Y32.5 GO GB1 MB1

Milling of pocket in island.

N36 M79

End :of pocket; clearing-out called. .

N37 TO -

Delete compensation of contour.

 N38 G0 2100 M30

Tool retracted; end of program.
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- Contour pockets-— G79
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6. Programming — Cycles

Contour pockets - G79

EXAMPLE
Clearing out in several passes
Tool not retracted between con-—

tour sections

TL250 Program number
Ni GO Z100 Tool change. Assign length compensation to Z axis
N2 G17 T1 and call tool compensation.

N3 GO X535 Y30 ZZ S+85300

Tool moves to safety distance at rapid rate.

N4 ZO F100

Tool advancéd to workpiece surface at feed rate: -
this is the starting point for three program part -
repetitions (downfeed in chain dimensions).

NS G789 Y7 X1 F100 22 Z6

Definition of contour pocket: tool advanced at feed
100 rm/min.  Pocket cleared out in X axis, starting
in lower left corner. For each cut, téol is fed 7 mm
in ¥ axis. Above islands, tool is retraced to 2 mm
above top surface each time and then downfed again
to a point 6 mm atove pocket bottom at rapid rate.

N6 GI1 Z-4

Tool downfed 4 mm in Z axis (chain dimension).

N7 G300

Call of absolute input.

N8 G41 G45 Al X535 Y40 GO GBY MG1

‘N9 X45 :
N10 G3 25 YZ0 I-20 JO
'N1L X75 :
‘N1Z G3 X55 Y40 I0 J20
'N13 G40 G45 Al :

-4

Milling of external contour.

‘N14 G41 G45 Al NEB5 Y40 Gl GBO MBI

N15 G2 I10 JO

'N1E G40 G45 Al

Milling of island.

N17 M78

End of pocket, <¢learing out called. After clearing
out pocket, tool moves back to retraction plane,
then above starting point of .external (1st) contour,
and is then downfed to pocket bottom.

N18 L2 N5 N17

Two program part repetitions (NS te N17). At start,

. tool is downfed 4 mm in Z axis {(chain dimension) and

at that level repeats the first cut of the contour
pocket, 3 x 4 mm = full depth of 12 mm.

N1§ TO

Delete compensation of contour.

NZO GO Z100 M30

Tool retracted in Z; end of program.
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Contour pockets-— G79
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6. Programming — Cycles

Contour pockets - G79

EXAMPLE
Tool retracted between contour sections

%235 Program number
N1 GO Z100 Tool change.  Assign length compensation to 2 axis
N2 G17 T1 and call tool compensation.
'N3 GO XBO YBS ZZ2 F200 S+3150 Tool moves to safety distance at rapid rate.
N4 G79 X7 Y1 Fi100 Z2 26 Definition of contour pocket: tool advanced at feed

100 mm/min. Pocket cleared out in Y axis, starting
in lower left corner. For each cut, tool is fed 7 mm
in X axis. Above islands, tool is retraced to 2 mm
above top surface each time and then downfed again
to a point 6 mm above pocket bottom at rapid rate.

N5 N#1 Call of subroutine defining cutting depth.

N6 G&41 G47 A5 XBO Y75 Gl GBO MGI1 Milling of external contour.
N7 XS5 '

N8 Y3 .

N9 X80 )

NiQ G3 X80 Y75 I0 J35

N‘l 1 G40 G435 AS call of incremental input.

NiZ GO Z2 . Tool retracted to Z2 at rapid rate.
Ni3 GO X35 Y35 Tool moves to centre of pogket at rapid rate;
N14 N#1 ) Call of absolute input; “tool downfed to cutting

depth defined in subroutine.

NiS G41 G47 AZ X25 ¥35 G1 GB1 MBL1  wmilling of first pin.
INIG G2 I-5 JO

N17 G40 G47 A2

N18 G35 W80 I35 J35 Rotation of coordinate system about centre of pin.

NIS L3 N1S NI1E Three program part repetitions of blocks N1S to Ni8:
milling of other three pins.

routine substitution. Subroutines define the cutting

NZ0Q G533 Deletion of zero offset.
NZ1 M7E End of contour pocket, clearing out called. After
= ' clearing out, tool is downfed to pocket bottom above
; ing. pod 1 gontour, -
NZ7 LZ? N4 N21 N#2 N#3 _ Two program repetitions {blocks N4 to N21) with sub-

depths for the three cuts.

N23 T9Q ‘ Pelete compensation of contour.

N24 GO Z10Q M30
’ Tool retracted in 2; end of program.

[N#1 Z-4 s X ;
N%2 7-8 Subroutine blocks for downfeed motions in Z.
N#3 Z-12




6. Programming — Cycles

Contour pockets — G/79
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6. Programming — Cycles

Hole patterns - G87

If the toel is to be positicned to a num-
ber of holes of equal spacing and con-
figuration for the purpose of performing
the same operation (eg drilling holes) at
each point, such points can be programmed
as hole patterns in a single block.

The cutting operation is programmed in a
subroutine block which can then, by pro-

gram part repetition with subroutine sub- v
stitution (page 6-58), be replaced by an-
other subroutine block containing a dif-
ferent cutting operation. In this way,
several cutting operations can be per-
formed consecutively at each of the
points programmed.

Point patterns can be programmed if:

~ the poinfs are equally spaced (a) in
one or several parallel rows, and

- these parallel rows are equally spaced
~ (b) as well. ._@ X

The distances (a) of the points in a row

may be different from the distances (b)
between the rows.

INPUT DIALOG | G87 - Point patterns

The control requests
When command G87 has been entered,the
control requests the addresses shown on N* Subroutine block used for ma—
the right. chining all holes of pattern
These should be completed and transferred L

" : r of les in a row ax 993
to the control by pressing the transfer fumber of holes 1 row (max )

key. X Distance between holes in a row
in X axis
Y Distance between holes in a row
in Y axis
Z Distance between holes in a row
in Z axis
c Spacing angle of holes in a

row in C axis

L Number of rows {(max 999;
if only one: transfer key)

Distance between rows in X axis
Distance between rows in Y axis

Distance between rows in Z axis

O N < X

Spacing angle of rows in C axis

b~ 136




6. Programming — Cycles

Hole patterns — G87

Dimension data of holes in each row
(axes not required: transfer key).

.Dimension data of rows
(axes not required: transfer key).

—X

Tool moves from hole to hole along straight lines. Make sure

tool clearance is sufficient to prevent collisions,

“Special hole patterns obtainable:

If tool has to be positioned to holes in
only one row, press transfer key in re—
sponse to request for number of rows.

If tool has to'be positioned to holes in
only one row, but at two different, regu-
ularly recurring distances between such
holes, the distance between the rows (b)
has to be programmed as shown in the
drawing (bottom right). :

h- 2

Spindle rotation must be started in the block preceding the

call of command GB87.
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6. Programming — Cycles

Hole patterns — G87

EXAMPLE

A workpiece with a hole pattern is to be
machined .in two steps: first, spot drill-
ing and chamfering, then tool change and
drilling to nominal diameter.

‘The program for the second operation in-
cludes a program part repetition with
subroutine call (see page 6~58).

“260 Program number
N1 GO Z100 Tool change, Assign length compensation to Z axis
N2 G17 T1 and call tool compensation.
N3 GO ¥10 Y10 Z2 S+2500 Tool moves above first hole at rapid rate.
N4 GB7 N#1 L4 X5 L3 X25 Machining of lewer rew of holes using the drilling
: . cycle programmed under N*1,
NS GO X220 YZ3 Tool moves above upper hole pattern at rapid rate.
NE GB7 N#1 {4 X135 Y3 L2 X-3 Y10 Machining of upper hole pattern.
N7 TO Delete compensation of contour.
N8 GO Z100 Tool retracted to tool change position,
NG T2 Tool change, call new tool compensation.

N1QO L1 N3 N8 Nx2

Program part repetition with tool positioning block
and subroutine call of blocks N3 to N8, but now N*2
is performed instead of N*1i.

N1l M30

End of program.

N#1 G881 F230 S+2500 Z-3

Orilling cycle for first cutting operation.

N#2 GB1 F160 §+3150 Z-15

Drilling cycle for second cutting operation,
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Hole patter-ns - 387 -
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6. Programming — Cycles

Patterns on circular arcs — G88

If the tool is to be pOSitiOHEd to a num— h_,—-—'-é.\ ‘ starting angle
ber of holes of egual angular spacing on / o

a circular arc for the purpose of per- -4 \ D Fined angie
forming the same operation (for example, T~

drilling holes) at each point, such L -
points can be prograrmed as hole patterns
in a single block. +-4.
The cutting operation is programmed in a J//V

subroutine block which can then, by means
program part repetition with subroutine
substitution, be replaced by another
subroutine block containing a different -
cutting operation. Several cutting ope- ; S starting angle
rations can thus be performed consecu- , P-.}q«” .
tively at each point. D Angle between holes

To determine the coordinates of the
holes, the contrel requires the centre
point and the radius of the circular arc.

The positions of the holes on the cicu-
lar arc are defined by the following
data:

~ number -of holes, instruction to space
holes equally on circular arc, and de-
finition of starting angle;

- number of holes, definition of starting
and final angles: holes will be egqual-

ly spaced;
" G8B: Patterns on circular arcs
- number of holes, definition of start— - The control requests:
ing angle and final angle. % ‘
N* Subroutine to be machined at
Hole patterns are arranged at intersec- all points
tions of circular arc with starting and L Number of holes on circular
final angles and egually spaced in be- arc (max 999)
tween. R Radius fo circular arc
G Cutting direction clockwise/
counterclockwise (G2/G3)
W Starting angle
M7 Definition of holes on

. ‘ A ' ' circular arc (M71/M72)
INPUT DIALOG ' w Final angle/intermediate angle

I(J)I st coordinate of centre of

When command G88 has been entered, the circular arc

control requests the addresses shown on J(K}K  2nd coordinate of centre of
the right. - circular- arc

These should be completed and transferred G Tool travel from hole to hole
to the control by pressing the transfer with linear or circular inter-

key. polation (G1/G2/G3}
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6. Pr'-ogramning - Cycles

Patterns on circular arcs — G88

SFarting angle W is the angle between a
line from the pole to the starting point
and the angle reference axis.

Location of heoles on circular arcs:

M7 and transfer key (without numerical

input}): full circle;

M72  definition by entering number of

holes and final angle (absolute in-
put of angle);

M71  definition by entering number of
holes and angle between holes (in-
cremental input of angle).

Commands M72 or M71 determine whether the

adius .

final angle or the angle between the -Gy
holes is to be entered under address W. _<;/_

Tool may move from hole to hole along ei-
ther a straight line (use G1} or a circu-
lar arc (use G2 or G3).

Spindle rotation must be started in the block precedlng the
call of command G88.
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Patterns on circular arcs — G88

EXAMPLE
_Rectangular pockets
on circular arc

T el

%263

Program number

N1 GO Z190
NZ G17 T1

Tool change. Assign length compensation to Z axis
and call tool compensation.

N3 GO ZZ S+1B609Q

Downfeed to workpiece surface at rapid rate. Spin—
dle started because following block containe G328 °
(patterns on circular arc).

N4 GBE Ni#l1 L3I R3O0 G2 Wido M72Z
WO 150 J15 G1

Machining of 5 pockets on circular arc, pockets pro—
grammed in subroutine N*1. Clockwise direction {G2},
starting and final angle (M72).

NS TD

Delete tool compensation.

NE GO XD YO Zi00 M30

Tool retracted in Z and positioned to point above
program zero. :
End of program.

N#1 G722 FS00 ¥15 Y0 X-10 X-3 Flo0
Z2-8 £-3 Z-0

Subroutine defines the pocket milling cycle.
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Patterns on circular arcs — G88
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6. Programming — C axis

Coordinate system

All machines of the FP-NC line can be
used with an NC rotary table.

The rotary table can move at rapid trav-
~ erse rate and at a programmed feed rate.

The axis of rotation is called C axis.
The Z axis and the C axis are parallel
(page 4-1}. It is good practice to place
the coordinate system in such a way that
the Z axis coincides with the C axis.

The travel of the rotary table about the
| C axis is expressed in degrees, either in
absolute dimensions or in thain dimen-
sions. The angle of rotation is pro-
grammed under a C address.

The direction of rotation is always de-
fined as viewed- from above.

wWhen chain dimensions (G991} are used:
- positive sign indicates clockwise rotation,

- negative sign indicates counterclockwise rotation.

When absolute dimensions are used, the
table rotates clockwise if the programmed
angle is larger than the actual value,
and counterclockwise if the programmed
angle is smaller than the actual value.
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6. Programming — C axis

Setting up the rotary table

The reference point for the C axis (= 0°
position} is defined during set-up of the
machine (page 4-6}, in the same manner as
for all other axes.

Preferably use the angular position in
which the rotary table is at its refer—
ence point. You are perfectly free, how-
ever, to choose any other position as a
zero point of the C axis, The following
symbol is used. for the rotary table zero
point:

To move the rotary table to its reference
peint, select meode 3 and press plus but-
~ton (10) for table rotation on the con-
trol console; rotary table moves to its
reference position with the T-slots par—
allel to the X axis,

The following symbol is used for the ro-
tary table reference point;
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6. Programming — C axis

Feed rate and radius in rotary milling

The NC rotary table can be rotated at the
following rates: Tool axis

- at rapid rate (2700 deg/min} and
— at feed rate (2 to 2000 deg/min}.

At rapid rate, the tool can move simulta-
neously in all 4 axes.

At feed rate, the tool can move simulta-
necusly about the C axis and in two lin-
ear axes (3 D interpolation).

Feed motions should always be accompanied
by 'Spindle ON' in the program, otherwise
the program will be interrupted.

The actual feed rate of the tool depends
“on the distance between the cutting edge
of the tool and the C axis. This dis~
tance is the radius used for the milling
- operation on the rotary table (see illus~
tration).

The actual feed (v) of the tool (mm/min)
and the programmed feed rate F {mm/min)
can be calculated as follows:

U=2xRBRxT
_Fxu
vV = Z@oe
v x 360°
F= LX20

radius to be milled {(mm)
circumference of circle
to be milled (mm)

where R
U

when milling spirals, the actual feed
rate varies with the radius. To be on
the safe side, always use the largest ra—

dius as a basis for calculating the feed
rate.
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6. Programming — C axis

Feed rate and radius in rotary milling

EXAMPLE
Calculating the feed rate

What is the feed rate F to be programmed
for milling a circle with a radius of 100
mm, when the actual feed is to be 125
mm/min? '

Solution: U
u

2XxRxw .
2 x 100 mm x m = 628.3 mm

o

Insert into formula:

v _x 360°
F = g
_ 125 mm/min x 360° "
h 628.3

F = 71.6°/min 72°/min

Feed rate to be progrdnned: F72.

EXAMPLE

Conversion of

minutes and seconds of arc
into decimals of degrees

12014 12"
12° : 1 = fz°
14' : 60 = 0.2333° Value to be programmed: C+12237.
12" : 3600 = 0.0033°
12.2366°
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6. Programming — C axis -

Milling operations on rotary table

EXAMPLE
Vertical spindle
Groove

Align workpiece axis with rotary table
axis.

Use reference point as program zero.

L2770

Program number

‘N1 GO X30 YO ZZ CO S5+300

Tool moves to progranmed peosition at rapid rate; ro-
tary table simultaneously rotates te C O at rapid
rate.

NZ Z-5 F33

Infeed in Z.

‘N3 C~-270 F100

Table rotates clockwise through 270°:
groove.

milling of

N4 GO Z100 50

Tool retracted in Z.

N3 M30

End of program.
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| Milling operations on rotary table
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6. PrOgranndng — C axis

EXAMPLE
Horizontal spindle
Groove

Align workpiece axis with rotary table
axis.

Use reference point as program zero.

Milling operations on rotary table

“275 Program number
M1 GO Y150 Tool c¢change. Assign length compensation te Y axis
NZ GiB T1 and call tool compensation.

N3 GO X0 Y47 Z-35 CO S+1000

Tool moves to programmed pesition at rapid rate; ro-

NS C180 F1Z23

tary table simultaneously rotates to C 0 at rapid
rate.

N4 Y35 F30 Infeed in Y.
Table rotates clockwise through 180°: milling of

groove.

NG TO

Delete tocl compensation,

N7 GO Y150 M30

Tool retracted in Y (horizontal spindle).
End of program.
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6. Programming — C axis

Milling operations on rotary table
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6. Programming — C axis -

Milling operations on rotary table

EXAMPLE
Vertical spindle
Spiral groove

Spiral lead 5.6 mm/360°
Outside diameter 165.0 mm
Starting point angle 0° -

Inside diameter 92.2 mm
End point angle 180°
Number of rotations 6.5

For reasons of clarity the contour is not
shown in the drawing (next page).

Align workpiece with rotary table axis.

Use reference point as program zero.

% 280

Program number

N1 GO X82.5 Y0 72 CQ S+2000

Tool moves to X82.5, YO and Z2 at rapid rate; rota-
ry table simultaneously rotates to CO at rapid rate.

MZ Z2-8 FZ0o Infeed in Z,

N3 X48.1 C-234Q F3aD Progranming of spiral: end point coordinate Y46.4;
angle of rotation C-2340, corresponding to 6.5 rota—
tions. Table rotates counterclockwise (negative
sign) to C-2340 (based on rotary table zero posi-
tion): spiral groove is machined.

00 radius — ID radius  _ :
Spiral lead = number of rotations
B82.5 = 46.1
%5 - 6.5
‘N4 GO 22 Tool .retracted in Z,

N5 GO X0 Yo Zioo CO

Tool moves to Z100, while table rotates back to C 0.
This means 6.5 rotations in a clockwise direction -
the same number as previously in a counterclockwise
direction,

NE M30

End of program.
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Milling operations on rotary table
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6. Programming — C axis

Rotary index table

Rotary index table (FP2/3/4NC only)

The rotary index table (optionally
available for FP2/3/4NC machines) rotates
through a programmable angle between ma-
chining operations, but is standing still
while cutting is in progress.

For the rotary motion of the table, the
table top is lifted approx 5 mm out of
engagement of the crown gear teeth.

Before rotating the table, always move the tool to a positign
where it cannot collide with the table or workpiece.

The indexing increments and indexing rate
can be set on the rotary index table
{page 10-18).

The following indexing increments are
obtainable; 5°, 15°, 30°, 45°, 90°, 180°,
If the indexing increment (angle) is to
be changed during a program cycle, a
program interruption (MO) has to be pro-
grammed at the desired point.

Programming a rotary motion

The rotary index table can be rotated in
only one direction: all angles programmed
under a C address have to be positive.

Such angles can only be programmed in ab—
solute dimensions (GO0} and at rapid
traverse rate (GO); they must be between
0° and 360°,

Programming in absolute dimensions (GQO)

When absolute programming is used, the
angles programmed under a C address refer
to a fixed zero point.

Make it a rule always to use the refer-
ence point of the rotary index table as
zero point.

Zero offsets (Gb4, GB5. G56) are not permissible in operations
with the rotary index table.
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6. Programming — C axis

'Rotar‘y index table

Emergency stop during indexing operations

It may happen that an angle has been
prograrmed under the C address, which is
not obtainable with the previously set
indexing increments. In this case, the
table top rotates at the preset incre-
ments until it moves beyond the pro-
grammed angular position,

At this point, the control automatically
initiates an emergency stop: the machine
is switched off.

To complete the indexing operation, pro-
ceed as follows:

Select mode 5 and press plus button
{(10).

Always move to reference point (page 4-6) before resuming the

work cycle after an 'Emergeny stop'.
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6. Programming — C axis

EXAMPLE

zero point of C axis.

crements of 90°.

Milling operations on

Align workpiece with table axis and with

Set rotary index table for indexing in-

rotary index table

285 Program number
N1 GO Y200 C © Tool change to twist drill 8 mm dia. Assign length
NZ G1B Ti compensation to ¥ axis and call tool compensation.

N3 GO %20 Y42 Z0O S+3150

Tool moves to 1st drilling position.

N4 GB7 N1 L3 X~Z20

Tool drills the first three holes of B mm dia.

- NS GO Y100
NE GO C30

Tool retracted in Y; table rotates 90° clockwisa.
’

N7 GO X-11 YSZ2

Table moves to new drilling position {coordinate
system does not rotate},

NS GB7 N#1 LZ X272

Tool drills the next two holes shown on left side
of part drawing. -

N3 GO Y1Q0
N1Q GO C189Q

Tool retracted in Y; table rotates 90° clockwise.

N11 GO XZ0 Y4Z
NiZ L1 Na

Tocl drills the next three holes of 8 mm dia.

M13 GJ Y100
Ni4 (O G270

Tool retracted in Y; table rotates 90° clockwise.

N1S GO X-11 Y52

Tool drills the last two holes shown on right side

N1G L1 Ng of part drawing.

NI7 70

N18 QO Y240 Tool change to counterbore 12 mm dia.
N1S§ T2

N20 GO X-11 ¥3Z Z0 S+2500

Tool moves to position,

NZ1 L1 NZ N8 N2

Counterboring 12 mm dia.

NZZ2 G0 Y100
N23 GO C130

Table rotates 2 x-90° clockwise.

NZ2& G50 X-11 Y32
MZ5 L1 N8 N8 N#Z

Tool moves to position; counterboring 12 am dia.

NZ28 70

Delete tool compensation.

i

NZ7 GO Y9 i

L)

Tool retracted in Y axis; end of program.

N#t GR1 F300 3+3
M2 Gel Figo 5+2

Subroutine block: drilling.
Subroutine block: counterboring.
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6. Programming — C axis

Milling operations on rotary index table
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6. Progranming -~ C axis

- Tilting the turret head — M34, M35

(FP6/7NC only)

Commands M34 and M35 can be used for
obtaining tilting motions of the turret
head in program—controlled operation on
FPB/7NC machines

M34: tilting the turret head to the po-
sition for horizontal milling;

M35 tilting the turret head to the po-
' sition for vertical milling.

A block with command M34 or M35 must also
contain the command spindle stop (S0},

M34

Lhd
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[T 11

Notes & connents'
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6. Programming — C axis

EXAMPLE

For the following example, clamp the two
cutting tools in the two spindles and set
up the machine with each of the two spin—
dles properly aligned.

The machining operation begins with the
vertical spindle,

Tilting the turret head — M34, M35

PLEASE NOTE
Workpiece shown
as viewed from
horizontal
spindle

L

£290 ) Program number .
N1 [0 Z200 - Retract tool, move turret head to position for ver—
N2 M35 tical milling.
Tool (end mill 32 mm dia) moves to workpiece zero
N3 GO X0 YO Z9.5 D1 point, spindle clockwise start.
N4 G621 F100 S+1000 Z-189 Call drilling cycle GB1: tool drills to specified
: depth.

FNS TGO Y200 Z200 S0 Tool moves to tilting position.

- NG M34 Tilt turret head to position for horizontal milling.
N7 GSG6 Y160 Z-130 Call new zero offset, tool moves to starting point
N8 G0 X357 Y42 D2 ZO S5+1800 for milling the groove,

NS GO ¥35 D2 F200 Infeed in Y axis, milling of groove.

N1iQ X-S7 F180

M1l GO Y42 D2 Retract teol at rapid rate.

N1iZ G353 Delete zero offset. - .
Ni3 L1 Ni Repeat N1.

Nid MIC End of program.
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6. Programming — C axis

head

Tilting the turret
u - . _

100

X =3

15

32
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NN
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10 |-

35

X =3

< ——

PLEASE NOTE
wWorkpiece shown
as viewed from

horizontal
spindle

1
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6. Programming — Addresses and commands at a glance

GO
% Gl

a2

G3

G7

a8

Go

a17
G18 .
G1Q * 1

PRI I S S 4

G40
G
G42
G45
G46
G47
G52
GB3
G54
G55
G56

GI19°* 2

~ Addresses
A Distance in approach and departure commands/
distance of polar coordinates
C Angle of rotation of NC rotary table and NC index head
D Tool compensation number
M F Feed rate
G Preparatory function
G4F Dwell
I Centre—-of-circle coordinate/polar coordinate in X
J Centre—of—-circle coordinate/polar coordinate in Y
K Centre-of-circle coordinate/polar coordinate in Z
L Program part repetition/number of positions
LO N Unconditional jump
M Miscellaneous or switching functions
N Block number
N* Subroutine block number
P Program number
R Rounding radius/length of bevel/radius of circular arc
%f S Spindle speed
kT Tool change, tool store
*x TO Deletion of tool compensation
w Angle
X X coordinate
Y Y coordinate
z Z coordinate
Yk Local subroutine number
S0 Macro number

G functions
(Preparatory functions)

Rapid traverse rate

Linear interpolation

Circular interpolation clockwise

Circular interpolation counterclockwise

Rounding of corners

Bevelling of corners

Input in polar coordinates

Length compensation in +Z axis

Length compensation in +Y axis

Length compensation in +X axis

Length compensation in +X axis

Deletion of compensation on contour

Call of compensation on contour (tool left of contour)
Call of compensation on contour (tool right of contour)
Approach and departure command (parallel to contour)
Approach and departure command (semi-circle)

Approach and departure command {quarter circle)

Moving to reference point

Return to original coordinate system

Zero set of actual value

Linear and rotary offset of coordinate system (additive)
Linear and rotary offset of coordinate system (absolute)
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6. Programing — Addresses and commands at a glance

G functions

G60
G61
G64
G71
G72
G72

L

G73
G74

G74

G75
G76
G77
G78
G79
G811
G82
G83
G84
GB5
GB6
GB7
Gs8
Pk GO0
* GO

%

%

(Preparatory functions)

Exact stop

Automatic rounding of internal corners (larger radius)
Blending of contours (smooth transitions)

Milling of rectangular pockets (roughing, conventional)
Milling of rectangular pockets (roughing, climb and conventional)
Milling of rectangular pockets (roughing, climb and conventional),
corner radius programmable

Milling of rectangular pockets (finishing to size)
Milling of rectangular pockets )

{(finishing to size with intermediate stop}

Milling of rectangular pockets (finishing to size

with intermediate stop), corner radius programmable
Milling of pins

Milling of c¢ircular pockets

Milling of external threads

Milling of internal threads

Milling of contour pockets

Drilling

Drilling with intermittent infeed

Deep drilling

Tapping

Reaming

Boring, tool retracted with spindle stopped

Hole patterns

Patterns on circular arcs:

Absolute dimensions

Chain dimensions

¥ DAt
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6. Progr‘amhing - Addresses and- commands at a glance

MO

M2

M7

M8

MS

M10
Mi1
M20
M2
M22
M23
M24
M25
M26
M27
M30
M34
M35
MB0
M6

%

bk M62
M70
M7
M72
M78
M79
- MBO
MB1
M2
MB3
MB4
M85
MB6

M functions |
(Miscellaneous and switching functions)

Program -stop

End of program

Lube pulse

Coolant on

Coolant off

Clamps in all axes applied

Clamps in all axes released (= position control)

Clamps in X axis applied

Clamps in X axis released (= position control)
Clamps in Y axis applied 7 ,
Clamps in Y axis released (= position control)
Clamps in Z axis applied

Clamps in 7 axis released (= position control)
Clamps in C axis applied

Clamps in C axis released (= position control)

End of program with rewind to program start

Tilt turret head to position for horizontal milling (FP6/7NC only)
Tilt turret head to position for vertical milling (FP6/7NC only)
Constant feed rate along contour (tool edge)

Constant feed rate along contour (tocl edge) on internal corners
and straight lines, deceleration on external corners

Constant feed rate of cutter axis

Block skipped and activated after compensation on contour

Angles, incremental

Angles, absolute -
End of contour pocket with downfeed to last cutting depth
End of contour pocket with return to retraction plane

Delete mirror imaging

~Mirror imaging (sign change X/I)

Mirror imaging (sign change Y/J)
Mirror imaging (sign change Z/K}
Mirror imaging (sign change X/I and Y/J}
Mirror imaging (sign change X/I and Z/K)
Mirror imaging (sign change Y/J and Z/K}
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7. Handling the control unit — Program controlled operation

 Handling-the Contrel unct-
| ]
 pregram controlled operation

In this chapter you will find:

| — how to manage your programs in the
control unit {pages 7-1 to 7-12};

— how to program a machining operation
without wusing the coordinate system
('Playback’, see pages 7-13 to 7-17);

- how to enter a progrmn'or change an
already existing program (pages 7-18
to 7-34);

- how to enter tool compensations in
tool store T {pages 7-35 to 7-40) or
tool compensation store D (pages 7-41
to 7-45};

i1 - how to determine the spindle speed and
feed rate with the aid of the cutting
data calculator (pages 7-46 to 7-48);

- how to store your programs and tool
compensations outside the control, on
cassettes or punched tape (pages 7-48
to 7-61);

'~ how to run a program and what to do if
a machining operation is interrupted
{pages 7-62 to 7-71};

- how to check your programs with screen
graphics (pages 7-72 to 7-86);

- how to adjust the measuring system,
interfaces and spindle speed indica-
tion {(pages 7-87 to 7-91).




7. Handling the control unit -~ Program controlled operation

Program management

Explanatory notes on program list

.Current program
{% means no program:
program memory is empty)

Program numbers

(% number: main program; 284MD4  (DECKEL)

S = program inhibited

Comnent or
identification
{(max 22 characters)

program

% number * number:  sub-— g’*‘ 1555553 g‘uv%fgga‘-g:sen.n
iroutlne) og wos g
Tglgeg?mory reguirements I D3 = DIALOG 3 program
. Y D4 = DIALOG 4 program
M = metric display oas
I = inch display 2
Remaining memory capaci- M = metric display
-ty (characters) I = inch display
Checking the program contents
~ Program list
.Moving down the program Moving up the program
list: list:

Select mode 13. use 'Cursor down' key.

use 'Cursor up' key.

[

%4

]

%1
%1
il
%3

| o

%1
%1 284MD4  (DECKEL)

®iuT 24MD4 (UG 2800-01 TEIL 1)
%3 180MOD4 {WELLE4711)
%4 GOMD3 S {)

%5 OMD4 ()

284MD4  (DECKEL)

24MD4 (UG 2800-01 TEIL 1)
180MD4  (WELLEST11)
8OMDA S {)

%5 oMD4 ()

. M259824 M 255824

BA1A

»

[a] o

. %1

| %1  284MD4  (DEGKEL)
%161 24MD4  (UG2800-01 TEIL 1)
B3 100MD4  (WELLE4711)
%4 B0MDA5 ()
%5 aMD4 )

M 259824

Display screen shows Cursor moves one
program list.
pressed.

If more programs

step
down each time key is

are

stored than can be shown

on screen,

display will

move on when cursor has

reached sc¢reen bottom.,

Cursor moves one step up
each time key is oper-
ated.
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Program management

Checking the program contents

— Macro list
Select mode 13. Press '%' and '0' keys.
DIALOG 4 differentiates — '
between macros and local % % [::]
subroutines. Macros can
be called from any pro- %10
gram., . %2 286M D4 . 288MD4 .
. | LX) 5008M 03 (FA.DECKEL) 5008MD3 (FA.DECKEL}
Local subroutines belong %8  2336MDa (HEBEL) 2336MD3  (HEBEL)
%10 8338M D3 B336MD3
to one program and can %10xt 0 (UNTERPRO- %iox1 0 (UNTERPRO-
TTF St GRAMM) GRAMM)
Onl‘y' be called . within . %9010 2808MD4 {(DAUERLALF) %5010 2808MD4  (DAUERLAUF)
such.. . program {page
6-56) . : %0%
M 240800 M 240800
Display screen shows '%0*" appears on ‘input
program list. line. :
Te return to program
list, press ~ '%' and
Press 'Transfer' key. 'Transfer' keys.

"-Moving up and down the*
) macro list: same proce-
' dure as described for
program list (page 7-1).

{MAKRO 1)
(MAKROZ)
(MAKRO3)
{MAKRO4)

5008MD3  (FA.DECKEL)
2336MD3  {HEBEL)
BI3EMDI
%101 1] {UNTERPRO-
GRAMM)
%9010 2808MD4 {DAUERLAUF}

M 240784

M 240800

Display screen  shows o Display screen  again
macre list. shows program list. -
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Program management

7. Handling the control unit —~ Program controlled operation

' : Explanatory notes on program list

.Current program
(% means no program:
program memory 1s empty)

Program numbers
{% number: main program;

204MD4

{DECKEL)

Comment or
identification
(max 22 characters)

program

S = program inhibited

Select mode 13,

use 'Cursor down' key.

% number * number: . sub— Ty 2Mod fg‘éffggﬂrfru)
routine) %4 BOMD3S ()
. %5 Mos4 ()
_?Elzeg?mory reguirements ! 1T D3 = DIALOG 3 program
' 7 Ad D4 = DIALOG 4 program
i M = metric display $5%% | o
' I = inch display 2
: ' Remaining memory capaci- M = metric display
-ty (characters) I = inch display
' . :
Checking the program contents
— Program list
’ ‘Moving down the program Moving up the program
’ list: list:

use 'Cursor up' Key.

»

%1
Eke1  2BaMD4
%iwl 24MD4  (UC2800-01TEIL1)
%3 180MD4 (WELLE4711}
%4 a0MD3S ()

%5 oMD4 ()

(DECKEL)

_ M259824

BA13

[v.

%1
%1 204MD4
%1at 24MD4
%3

|

%5

80MD3

M 259824

(DECKEL)
{UC2800-01 TEILY)

180MD4- (WELLE47%1)

30

oMDa )

BA13

>

KX
. %1 284MD4 (DECKEL)
%ial 24MD4  (UC2800-01 TEIL 1)
B 180MD4  (WELLE4T11)
%4 GOMD3S {)
%S OMD4 " ()

M 253824

Display screen
program list.

shows

Cursor moves one step

down each time key is

pressed.
If more

on screen,

programs

are
stored than can be shown

display will

move on when cursor has
reached screen bottom.

Cursor moves one step up
each time key is oper-—
ated.




7. Handling the control unit — Program controlled operation

Program management

Checking the program contents

— Macro list

DIALOG 4 differentiates
between macros and local
subroutines. Macros can
be called from any pro
gram, :
Local subroutines belong
to one program and can
only be called within
such program (page
6-56).

Press 'Transfer' key.

MAKRO 1)
(MAKRO 2)
(MAKRG 3)
MAKRQ 4)

M 240784

BA1A

Display screen
macro list.

shows

.

Select mode -13.

Press '%' and '0' keys.

268M D4
S008MD3  (FA.DECKEL}
2336MDI  (HEBEL)
%10 BgasMD3

%01 1] (UNTERPRO-

GRAMM)
. %9010 2808MD4 {DAUERLAUF)

M 240800

2 - 4[B0

288 MD4
B%3  5008MD3 (FA.DECKEL)
%6  2336MDA ({HEBEL)
%10 89I6MD3
%101 0 (UNTERPRO-
GRAMM)
%5010 2803MD4 {DALERLAUF)

w0 |
M240800 :
BA 12

Display screen shows

program list.

Moving up and down the
macro list: sSame proce—
dure as described for
program list {page 7-1).

4B

'%0*!
line.

Toe return to
list, press
'Transfer' keys.

%10
%2 238 M D4
5003MD3  (FA.DECKEL)
%G 2336MD3 (HEBEL)
%10 8938 MD2
%11 o

'%' and

(UNTERPRO-
GRAMM)

%9010 2808MD4 (DAUERLAUF)

Display screen
shows program list.

appears on input

program

again




7. Handling the control uni

Program management

Selecting a program

Select mode 13.

Either:

use ‘Cursor up/down’ key
until cursor is placed
at desired program.

or:
Press '7'

t —~ Program controlled operation

key and- en-

ter desired program num-

ber.

284MD4  (DECKEL}
24MD4 (UG 2800-01 TEIL 1}
180MD4  {WELLE47$1}

80MD3 S5 ()
OGMD4  {}

M 255324

[v.J[a]

2B4MD4  {DECKEL)
24MD4  {UC2800-01 TEIL 1}
180MD4  {WELLE4711)
80MD3-S {}
oMD4  {)

M 253824

»

%3
%1 284MD4  (DECKEL)
%2 24MD4  (UC2B00-01 TEIL1}
%3 180MD4 (WELLE4711)
Bwe 80MD3S ()
%S oMBa ()

Display screen

shows
program list, :

Press 'Transfer' key.

%1
%1 284MD4  [DECKEL)

Ex2  24MD4  (UC2800-0tTEILY)
%3 180MD4  (WELEE4711)
%4 BOMDAS (}
%5 eMD4 ()

M259824

Cursor moves to desired
program number.

®

7

Program number entered

appears on input line.
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7. Handling the control unit — Program controlled operation

Program management

Selecting a macro

Select mode 13.

Either:
press '?' and '0' keys
and enter number of

desired macro.

Press 'Transfer' key.

%1
%1 284MD4

{DECKEL)
ez 2aMD4

{UC 280001 TEIL 1)

%3 180MD4  (WELLE4T11)
%4 BOMD3S {)
%5 oMD4 ()

M259824

> L 4818

%1
%1 284MD4
%2 24MD4
%3 180MD4
| o]
%S

(DECKEL)
{UC 2800-01 TEIL 1)
(WELLE4711)
BOMD3 S ()

oMpa ()

M 259824

»

M 240784

oMD4
oMQO4
aMOD4
oOMD4

{MAKRQ 1)
{MAKRQ 2}
(MAKRO2)
{MAKRO4)

Display screen shows

program list.

Or:
Fress '%' and 'O' keys.

Macro number entered
appears on input line.

Press 'Transfer' key.

288 M 04

£008MD3  (FA DECKEL)

2336MD3 {HEBEL)
%10  8936MDA
%01 0

{UNTERPRG-
FLAMM)
%5010 2808MD4  {DAUERLAUF)

'%0%' appears on input

line. -

aM0O4
OMD4
aMDd
aMD4

{MAKRO1)
(MAXRO 2}
(MAKRO2)
(MAKRO £}

OMD<s
aMD4
dMD4
AMD4

{MAKRO 1)
{MAKRO?Z)
{MAKRO3)
{MAKRO 4}

Display screen shows

macro list.

Cursor moves to desired
macro number, :

Use 'Cursor up/down' key
until cursor is placed
at desired macro number.

Cursor moves to desired
macro number.
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Program management

Selecting a local subroutine

Select mode 13.

Either:
use 'Cursor up/down' key
until cursor is placed
at desired subroutine
number.

Or:
press '?'

and enter

and 'x'

number

desired subroutine,

keys
of

%1
o1 632MD4  (KURBEL)
wiwy 64 {UNTERPR. 1)
%3  OMD4 (WELLE)
%5 OMD4 - (FA.SK+P)
%8  OMD4 (FA.MOELLER)
%100 40MD4 (MOTOR)

M 255824 .
: BA 13

»

[.Jfa]

%I
%1  568MD4  (KURBEL)
Beier o 0
%3  OMD4 (WELLE)
%5  OMD4 {(FAISK+P)
%6 OMD4  {FA.MOELLER)
%100 40MD4  [MOTOR)

M 258552

|

)

%1
B 632MD4
%iwl 84
%3 oMD4
%5 amMD4

%100 40MD4

M 2539824

%E OMD4’

(KURBEL)
{UNTERPR. 1)
(WELLE}
(FA.SK+P)
(FA-MOELLER}

(MOTOR)

\ 4

Display screen  shows

program list.

Press 'Transfer' key.

Falret
%1 568MD4  (KURBEL)
EFoixt 0 0

%3 OMD4  (WELLE)

%5 OMD4  {FA.SK+P}
%8 OMD4  {FA.MOELLER)
%100 40MD4 (MOTOR)

M 258552 .
5 BA1]

Cursor moves to desired
subroutine number.

Subroutine . number en—.
tered appears on inpu

line.

75




7. Handling the control ;’lnit — Program controlled operation

Program management
. A

/

Transferring a stored program t7fthe main memory

In mode 13, select pro—
gram {page 7-3}.

f

To retrieve program
marked by cursor, press

284MD4  (DECKEL)
24MD4 (U 2800-01 TEIL 1)
1BOMD4  (WELLE4T11)

80MD3 5 {)
oMDd ()

M 253824

»

'Acknowledgment' key.
D ®

284M D4
24MD4
180MD4 (WELLE4711)
BOMDA S {)
oMD4 ()

{DECKEL)
{UC2800-01 TEILY)

M 259824

Cursor moves to desired

program number.

Opening a new program

Select mode 13.

Program transferred to
main memory appears in
lower left.

Press '%' key and enter
new program number.

In exchange, the program
previously contained in
the main memory is
transferred to the pro-
gram store. The main
memory of the control
now only contains the
program just called.

Press 'Transfer' key.

M 259680

A »

M 259520

Display screen  shows

program list.

Program number entered
appears on input line.

Program number appears
in program list. Should
a program already bave
been stored wunder that
number, & message will
appear in lower right of
screen, Old program will
not be cancelled.




7. Handling the

Program management

control unit - Program controlled operation

Opening a macro

Select mode 13.

»

BI2MD4 (KURBEL)
OMD4 {WELLE)
OMD4 (FA,5K+P}
OMD4 (FAMOELLER)

40MD4 (MOTOR)

M 258624

Press '%' and 'O' Keys

Press 'Transfer' key.

[%][0]

%1
Kt
%3
%5

%6
%100

and enter macro number.

632MD4 (KURBEL)

0MD4 (WELLE}
(FA.SK+P)
{FA, MOELLER}
(MOTOR)

OMD4
aMD4
40M D4

M 258624

%1
Hhow1 0MDA ()

M 256576

Display screen  shows
program list.

Opening a local subroutine

Select mode 13.

Macro number  entered
appears on input line.

Press '%' and 'x' keys
and enter subroutine
number.

Macro number appears in
macro list. .

Press 'Transfer' key.

»

%

S8AMD4

OMDa
%S oMD4
%6 oMD4
%100 40M0D4

%1
[ 3]
%3

{KURBEL)
(WELLE}
(FA.SK+P)

(FA. MOELLER)
MOTOR)
{FIAMENSIGNET)

%200 160MDd4

- %1
Bks1 558MD4  (KURBEL}
%3 OMD4  (WELLE)
%5 oMD4  (FASK+P}
%6 OMD4 (FA.MOELLER)

%100 40MD4
%200 160MD4

(MOTOR)
(FIAMEN SIGNET)

M 258600

»

%1
%1

| EALS
%3

588 MD4
[
OMO4

%5 OMD4

%8 OMD4

%100 40MD4

(KURBEL)

(WELLE)
(FA_SK+P)
(FA_MOELLER)
MOTOR} -

M 258552

Display screen  shows

program list.,

Subroutine number ~ap—

pears on input lipe.

ap~

Subroutine number
pears in program list
underneath assoqiated

program number.

-7
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Program management

Changing a program number

In mode 13, select pro-
gram {(page 7-3).

Press '='

new program number.

key and enter:

Press 'Transfer' key.

; »

264 M D4
24MD4
160M D4

{DECKEL)
(UG 2800-01 TEIL 1}
(WELLE4711)

BOMD3 S {)
oMD4 )

M259824

F[]

264MD4
24MD4
160M D4

OMD4

{DECKEL)
{UC 280001 TEIL 1)
{WELLE 4711)

BOMD3 S (}

(

»

24MD4  {UC2800-01TEIL 1)
80MD3 S (}

oMD4
160MD4

(WELLE 4711)

{ha=%e

M 2553824

BA13

'Cursor moves to

desired

program number.

0ld and new numbers, New number is now shown
connected by '=', appear in program list.
highlighted on display

screen.
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Program management

-

Entering a comment .

In mode 13, select pro— Press '{' key, enter

gram or macro or subrou- comment, then press ')’

tine (page 7-3). key. ' 'Transfer' key,
D> > Fil] »

264MD4  {DECKEL}
24MD4 (UG 2800-01 TEIL 1}
80MD3 S ()

DM D4
160MD4

{)
(WELLE4711)

M 2568824

264MD4  {DECKEL)
24M0D4  {UC2800-01 TEIL1)
20MDA 5 ()
aMD4

160MD4  {WELLE 4711)

{TROMMEL)} - _

M 259824

BA13

264MD4  (DECKEL)
24MD4  (UC2800-01TEIL1)
80MD3 S (TAOMMEL}
aMD4

[
© %8  160MD4 (WELLE4711}

M 253816

BA13

Cursor moves to number
where comment is to be
added. '

Changing a comment

In mode 13, select pro-
gram or macro or subrou-
tine (page 7-3).

Comment appears on . input
line.

"Press '(' key, enter new
comment, then press ')’

Program list now shows
comment adjacent to num-
ber selected.

Press 'Transfer' key.

NP -
%1 284MDs  (DECKEL)
%2 24MD4  {UC2000-61 TEIL1}
B4 60MD3 S (TROMMEL)

%5 OMD4

%3  160MD4

{WELLE4711)

M 259818

T »

w2 .
284MD4  (DECKEL)
24MD4  (UC2800-01 TEIL 1)
4  80MD3 S (TROMMEL)

%5 GMD4

%8 180MD4

()
{WELLE 4711)

Mas9eig .
BA13

%2
%t 284MD4
%2 2AMD4
| 5
%5 DMD4
%8 150MD4

(DECKEL)
{UC280G-01 TEIL 1)

BOMO3 § (TROMMEL2S)
{)
(WELLE 4711}

M 259816

Cursor moyes to number
where comment is to be
changed.

New comment appears on
input line.

Program 1list now shows
new comment.
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Program management

Deleting a comment’

In mode 13, select pro-

gram or macro or subrou-

tine (page 7-3).

Press '{' key.

Press 'Delete' key.

264MD4  {DECKEL)
24MD4  {UC2800-01 TEILT)

80MD3 8 (TROMMEL 25)

OMD4

0
160MD4  (WELLE471Y)

284M D4
24 MD4
80MD3 § {TROMMEL 25)

OMD4
160MD4

(DECKEL)

(WELLE 4711}

{UC 2800-01 TEIL 1)

p

%1 264MD4 (DECKEL)
%2 24MD4 (UG 2800-01 TEIL 1)
| 2] 80MD3 S (TROMMEL 25)
%S QMD4

%8 160MD4 (WELLEATH1)

COMMENT-CLEAR

M259816

BA13

Cursor moves to number
where comment is to be
deleted.

Press 'Transfer' key.

B

%2
%1 264MD4
%2 24MD4

4  BoMDasS
%5 oMDd
%8  160MD4

(DECKEL)
{UC2800-0t TEIL 1)

)
[WELLE 4711)

M 259816

Program 1list now shows
program number without
comment,

' appears on

input

'COMMENT CLEAR'
on input line.

appears
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Program management

-

_Cancelling a program

In mode 13, select pro—
gram (page 7-3).

Set key lock switch
'Program lock' (16} on
NC keyboard to vertical
position.

To cancel program, press
‘Delete' key.

If you are certain you
wish to cancel the pro-
gram, press 'Y' for YES

D [/

%2
%1 284MD4 (DECKEL)
%2 24MD4  (UG2800-01 TEIL1)
%4 BOMD3S
Brss oOMD4  (
%E 160MD4 (WELLE4T1Y)

%1 264MD4 (DECKEL)

%2 2aMD4  (UC 280001 TEIL1)
%4 BOMD3S

Bs 0MD4

%8 160MD4 (WELLEA4711)

% 5 CLEARY/N - - . g

M 259816 M 259616
BA 12

» ()

(otherwise 'N' for NO).

%2
%1 264MD4 (DECKEL)
%2  2aMD4  {UC2800-01 TEIL1)
%4  BIMD3S

Es oMDa ()

%8 160MD4 (WELLE4711)

M 255818

BA13

'"CLEAR Y/N! appears
ad jacent to program num-
ber. on input line, but
program is not yet can-
celled.

Cursor moves to program
number selected.

Press 'Transfer' key.

. The program, together
with 1local subroutines
{if any) and tool com-
pensations contained in
the program, has now
been erased from the
program memory.

264MD4  {DECKEL)

24M04 (UG 280003 TEIL 1)
oMDIs

1EQMD4  (WELLE4711)

M 259084

-Program disappears from
program list.

'YES' appears on input
line, but program is not
yet cancelled.

To cancel a macro, or a
local subroutine alone,
select the item con-
cerned {pages 7-4 or
7-5} and proceed in the
same manner.
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7. Handling the control unit — Program controlled operation

Program maﬁagement

-

Cancelling all _programs

Select mode 13.

Set key lock switch
'Program lock' (46) on
NC keyboard to vertical
position.

If you are certain you
wish to cancel all pro-
grams, press 'Y' for YES
(otherwise 'N' for NO). -

To cancel all programs,
press ‘Delete’ key 2x.

%2
%1 204MD4 (DECKEL)
%2 24MD4  (UC2800-01TEIL 1)
Eé  BOMDAS
%8 .180MD4 (WELLE 4711}

M 259984

B [/][/]

P[] \ 4

%z
%1 264MD4

W2 24MDs
%4  BOMDI S
%8 160MDs

(DECKEL)

204MD4 *(DECKEL) 3

24MD4  (UC2800-01TEIL 1)
80MDA S
160M D4

{WELLE4711) (WELLE 4711)

M259885 )

M 253984

Display screen shows

program list.

Press 'Transfer' key.

M261184

All program numbers dis-
appear from program
list. -

B |

'ALL CLEAR Y/N' appears
on input line, but pro—
grams are not yet can—
celled,

'YES' appears on input
line, but programs are
not yet cancelled.

All" programs, together
with local subroutines
(if any) and tool com-
pensations contained in
the programs, have now
been erased from the
program memory.

To cancel all macros,
call macro list (page
7-2) and proceed in the
same manner.




7. Handling the control unit - Program controlled operation

Indirect generation of a program

_ Playback

Playback is a method of
indirect, stepwise pro-
gram generation on . the
machine. A workpiece is
machined step by step in
modes 1, 4, 5, 6 or 7.
After each step the con-
trol records the values
and functions entered by
the operator and con-
verts them into a pro~
gram block.

Press '%' key and enter
desired program number.

Thus, as a sample work—
piece is being machined,
the control at the same
time generates the NC

program for such ‘part.

Playback is especially
used if no exact coordi-

" nate data are available,

for example in line—by-
line milling, clearing
out pockets, or for pro-
ducing simple programs.
The playback procedure
may be used either for
creating a new program
or for supplementing an
existing program.

Press 'Transfer' key.

Select mode 13.

Set key lock switch
'Program lock' (16) on
NC keyboard to vertical
position,

% \ 4

M 259689

Display screen shows

program list.

To transfer program to
main memory of control,
press 'Acknowledgment!

[ M 259520

key.

Program number entered
appears on input line.

Program number appears
in program list.

Program number appears:
in the upper left.
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7. Handling the control unit — Program controlled operation

Indirect generation of a program

Determine program zero in de-

on workpiece.

Set up machine

sired machining plane.

Mount cutting tool and
set up machine in cutter

>

axis.

Set feed rate override
(6). to 100 % and use
selector (9) to set the

desired feed rate.

Set mode switch to mode
1, 4, 5, 6 or 7.

F1562 5 3150

BEEN DEGE
anEn ausn
asen oeeb |
ggce onei
fspaL ADEG
coor feno

+0000
+0000

+100000

Select spindle speed and
set on selector (12},
then start spindle.

>




7. Handling the control unit — Program controlled operation

Indirect generation of a program

Move machine slides to
desired position, as re-
quired for mede used.

If block is to be stored
as a feed rate block in
modes 1, 4, 5 or 6:
press 'Transfer' key
with spindle running.

To record new position
as a program block in
main memory, press 'Ac-
knowledgment' key.

F 125  S+500
+0000
+0000
—10000

\4

If block is to be stored

as a rapid traverse
block in modes 1, 4, 5
or 6:

simultaneously press

'Rapid traverse over—
ride' button (B) and
'Transfer' key.

Inverse display returns
to normal; block is re-
corded as a rapid trav-
erse block in main mem—
ory under the block num—
ber shown,

Block number 1is shown
highlighted. in  upper
left of display screen.

Inverse display returns
to normal; block is re-—
corded in main memory
under the block number
shown and with the feed
rate selected.

Repeat. this procedure.
until the workpiece has
been completed.

In mode 7, the block is
automatically stored
correctly as a feed rate
or rapid traverse block,
depending on the input.

The control stores each
machining step as a pro—
gram block.
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Indirect generation of a program

7. Handling the control unit - Program controlled operation

Retract tool.

Select mode 11,

The following addresses
and functions are stored
by the control in play-
back operation:

- feed rate

- spindle speed

— direction of spindle
rotaticn

~ linear interpolation

; - - rapid traverse GO with

spindle stopped
- absolute input G@0
- axis addresses X/Y/Z/C

7-16

First pﬁbgram block is
shown on display screen.

Correct and edit program
if necessary (page 7-30)

.and add missing words

(such as M commands).

After a trial run (page
7-62) or a screen graph-
ics  test (page 7-72),
the program is obtain-

able for machining (page -

7-65) .

If a different tool is
used, remember to add
the necessary tool com—
pensations (page 7-45).

Move to last block num—
ber (page 7-29) and add
M2 or M30 to last block
{page 7-31),




7. Handling the control unii: ~ Program controlled operation

Indirect generation of a program

Playback on machines with C-axis control

In playback operation
the control, when taking
over the first program
block, will store all
actual positions as a
program block. Oon ma-—
chines with an active C
axis, this means that 4
axis positions will be
stored: X, Y, Z and C.
In machining, however,
the controcl can only
handle 3 axes simulta-
neously. To ensure that
your program is handled
correctly . (without an
error code appearing on
the screen}, delete one
of the axis positions
.upon entering the first
block. ‘

Blocks with chain dimensions in playback mode

Blocks entered in chain
dimensions in the play-
back mode (mode 7) are
. correctly processed, but
stored in the control as
blocks with absolute di-
mension.,




7. Handling the control unit - Program controlled operation

Direct generation of a program

Direct generation of a program

Direct programming means
planning all the machin-
ing steps in advance.

The program is written
down and then entered
word by word using the
keys on the NC keyboard.

Entering a program

Select mode 13, open
program {page 7-6) and
press  'Acknowledgment'
key.

Write down your program
block by block, using
the part drawing as a
reference {see Chapter
6, Operator's Manual}.

Enter program by keying
in all the data on the

»

NC keyboard.

Select mode 11.

Press 'Transfer' key to
transfer block number to
memory {or enter a dif—
ferent block number, if
desired).

S p

D > e

Program number is
transferred to main mem-
ory of control,

7-18

Block number N1 appears
on input line.

Input 1lipe disappears;
block number is now con-
tained in main meéemory.
Proceed by entering pro-
gram blocks word by word
{page 7-19).




7. Handling the control unit — Program controlled operation

Direct generation of. a program

Entering program commands

For the entering program
‘commands, use  keyboard

Each  program command (23) on control console.

{(word} consists of a The . keyboard has two :
letter (address code) sections, one for let- Open program (see page
and a number. ters, one for numerals. 7-6).

> ¥

m——
200
t

Address Number

%200
%5 oMD4
%8 aMD4
%100 40MD4

E200 0OMD4

M 253320

Enter program command, Enter next program com—
for example F100. Press 'Transfer' key. © mand, for example X953.

N - »

| x 953000}

"BA 11

Command entered appears Conmand disappears from Command entered appears

in input line, input line and is trans— on input line.
ferred to main memory of
control.
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7. Handling the control 'un_it - Program controlled operation

Direct generation of a program

If you make a mistake,.
enter the correct com-
mand, for example Y250.

Press 'Transfer' key.

M ¥ 250000

%200 BA 11

>

Corrected command
pears on input line.

ap-

Entering the next block

wWhen all words of a
block have been entered,
press 'Cursor up' key.

Command disappears from
input line and is trans-
ferred to main memory of
control.

Enter next block word by
word, then proceed in
the same manner with all

'Y

other blocks.

Block just entered moves
to the left; next higher
block number appears on
input line.

Blocks are transferred
to main memory.

The memory of the con-
trol has a capacity of
256 Kbytes (option: 512
Kbytes).

The remaining memory ca-
pacity {in bytes) is in~-
dicated under the pro—
gram number in mode 13.




7. Handling the control unit - Program controlled operation

Direct generation of a program

Entering a macro call

In mode 11,
and 'O'

press %'
keys and enter

macro number,

Press 'Transfer' key.

[%][o]

Macro number entered ap-
pears on input line.

Generating a macro

To generate a macro, it
has first to be opened
(page 7-7) and trans-
ferred to the main mem—
ory of the control by

pressing the 'Acknowl-
edgment' key. . Then se-
lect mode 11 and enter

macro like a main pro—
gram.

"Macro call appears in
block,

A macro {which has pre-
viously been opened in
mode 13) may also be
transferred to the main
memory directly while
generating a program in
mode 11. '

Proceed as follows:

In mode 11, press '%'
and '0' keys and enter

@3

macre number.

Macro number appears on
input line.
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7. Handling the control unit - Program controlled operation

Direct generation of a program

To return to main pro-
gram, press '%' and 'Ac—.

Press 'Transfer' key. knowledgment' keys.
Macros are generated in .
bthe same manner as pro-
grams.
First block number of Display ~ screen  shows
macro appears on input main program block last
line. . previously worked on.

Entering a local subroutine call

Press '%' and 'x' keys
and enter subroutine
number. Press 'Transfer' key.

. JE e

Subroutine number en- Subroutine call appears

tered appears on input in bleck.
line.
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7. Handling the control unit — Program controlled operation

Direct generation of a program

Entering a local subroutine

To generate a local sub-
réoutine, it has first to
be opened (page 7-7) and
transferred to the main
memory of the control by
pressing the 'Acknowl—
edgment' key.

Press 'Transfer' key.

First block number of
local subroutine appears
on input line,

B p

As a rule, however local
subroutines are entered
while generating the
associated main program
in mode 1.

Subroutines are generat-—
ed in the same manner as
pro grams,

Proceed as follows:

In mode 11, press '%'
and 'x' keys and enter
subroutine number.

(<4 \ 4

Subroutine number ap-
pears on input line. -

To return to main pro-
gram, press '%' and 'Ac-
knowledgment' keys.

@5 o

Display screen  shows
main program block last
previously worked on.
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7. Handling the control unit - Program controlled operation

Direct generation of a program

Entering a subroutine call

Use 'Cursor right/left’

keys to find the block

where a subroutine call

is to be programmed. Press 'N' and 'x' keys. Enter number of subrou-
: tine to be called.

== | 2o o \ 4

N 2
X 150000
Y 458000

F 250

'N *' appears on input Number appears in input
line, line.

Press 'Transfer' key.

N 1 N 2
Y 250000 N 1
F 100 X 150000

Y 45BQQ0

F 250

Subroutine c¢all 1is in-
serted in correct posi-
tion within block.
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7. Handling the control unit - Program controlled operation
Direct generation of a program .

Entering a subroutine block

or:
Upcn entering the last overwrite block number
comand in the last Either; by entering 'N' and new

block (usually M30 or

»

press 'Transfer' key.

block number and press

'Transfer' key.
B \ 4

M2), press 'x' key.

%%

%200 BA 1

First subroutine block
number appears on input
line, '

Enter subroutine

word by word.

Subroutine block number
is transferred to main
memory. '

To enter next subroutine
block, press 'Cursor up'

New subroutine block
nurber is transferred to
main memory.,

To return to main pro-
gram, press 'x' key.

key.

7% ‘l'

1 N 2
N 1
X 150000
Y 458000
F 250

F 100

Subroutine block just
entered moves to the
left; next higher sub-
routine block number ap-—
pears on input line.

CRT shows first block of
main program.
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7. Handling the control unit - Program controlled operation

Direct generation of a program

Entering a cycle

In mode 11, enter the
desired cycle call using

the address keys. ,
Press 'INFO' key.

»

The CNC DIALOG 4 control
features dialog-assisted
input of drilling and
milling cycles. As an
additional aid for pro~-
gram input on the key-
board you may call a
graphics display showing
the cycle parameters to
be entered (page 6-87).

Screen shows display of
cycle with the individ=
ual parameters requested
by the control in the.
input dialog.

Continue by entering the To clear graphics dis-

cycle parameters as re— play, press 'INFO' key

quested. again.

_ C Graphics disappears au-
b INFD 1. tomatically when you

proceed to next block.

The parameter requested
by the contreol is shown
highlighted on the dis-—
play screen. ;
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7. Handling the control unit — Program controlled operation

Direct generation of a program

Checking the program contents

Transfer desired program
or macro to main memory
of control and select

Press 'Cursor left'.

Press ‘Cursor right',

mode 11.
»

Display screen shows
first two blocks of pro-
gram.

Searching a program block

Press '?' key.

Program display moves
one step to the left.

Enter block number, for

example 10,

Program display moves
one step to the right.

Press 'Transfer' key.

>

N 10
a 2
X ~21740
Y 45825
I -23000
J 18280

2000

I 1260
J 29878

Control requests de-
sired block number on
input line.

Number appears on input
line,

Block appears in the
middle of.screen, with
neighbouring blocks on
the right and left,
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7. Handllng the control unit - Program controlled oper'a.tlon

DlPECt generatlon of a program

Searching a subroutine block

Enter subroutine block
Press 'x' key. Press '?' key. number, for example 3.

37 ’

Display screen shows the Control requests de— Number appears on input
first two subroutine sired subroutine block line,
blocks. number on input line.

Press 'Transfer' key.

N 3 Nk 4
G 1 X 280000
¥-125000 Y ~150000
Y 136000

Subroutine block appears
in the middle of screen,
with neighbouring blocks
on the right and left.
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7. Handling the control unit — Program controlled operation

Direct generation of a program

Searching the last block in a program

In mode 11, press 'FKT'

key.

Press 'Cursor left'.

>

Last block of program
selected appears on dis-
play screen.

Searching the first block in a program

In mode 11, press 'FKT'

key.

Press 'Cursor right'.

»

First block of program
selected appears on dis—
play screen.

To search last subrou-

tine block, press 'x’
key and proceed in the
same manner.

To search first subrou—
tine block, press ‘'x'
key and proceed in the
same manner. '

7-29




7. Handling the control unit - Program controlled operatlon

Direct generation of a program

Program edit
Changing a word

In mode 11,

sired block (page 7-26).

find the de-

Press address key of
word to be changed, for
example F.

If an address is con-
tained several times in
a block, use 'Transfer'
key toc move cursor to

»[F]

P

desired position.

Block with word to be
changed is displayed in
the middle of screen.

Enter new numerical val-
ue, for example 400.

Address letter is shown
highlighted on input
line. Cursor is posi-
tioned on word to be
changed.

Press 'Transfer' key.

»E e

New value appears in in-
put line.

7-30

New word replaces old
word; old word is de—
leted.

Each  time key | is
pressed, curscr jumps to.
next word with the same
address,

The address of a word
cannot be changed in
this way.

Proceed as follows: de-
lete word with wrong ad-
dress (page 7-32), then
enter correct word (page
7=31}).




7. Handling the control unit - Program controlled 'o'peratioh

Direct generation of a program

Inserting a word

In mode 11, find the de-
sired block (page 7-27). Enter word to be insert- Press 'Transfer' key.
ed, for example MO8.

> >

Block with word to be word appears on input New word is transferred

inserted is displayed in line.- to _memory in correct
the middle of screen. position within program’
block.

-3




7. Handling the control unit - Phogr@amcontrdlled operation
Direct generation of a program

Deleting a word

In mode 11, find the de—  Press address key of
sired block (page 7-27). word to be deleted, for

example M. Press red 'Delete’ key.

M CLEAR
BA 13

Block with word to be Address letter is shown 'CLEAR' appears adjacent:
deleted is displayed in highlighted on 1input to word address in input
the middle of screen. line. . line.

Press ‘'Transfer' key.

0 Z -10.000
2.000 D 1
1 F 400

M ‘70

Word to be deleted dis-
appears from input line
and from block displayed
and is erased from mem-
ory. '
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7. Handling the control unit — Program controlled operation

Direct generation of a program

Inserting a block

In mode 11, find the Either:

block where the additio- press 'Cursor  down' or:
nal block is to be in- {behind block shown}. press 'Cursor up' {ahead
serted. (page 7-27). of block shown).

A4

Desired block is shown Block selected moves to Block selected moves to
in the middle of screen. the left; N address ap- the right; N address ap—
. pears highlighted on in- pears highlighted on in-
put line, put line.
Enter new block number, Enter new block word by
press 'Transfer' key. word.

The blocks .in a program
are always machined in
the sequence of input,
regardless of block num-
bers.

Always select a number
not yet contained in the
program for a new block
inserted. Preferably
use the adjacent block
number with a different
numeral in the hundreds
digit.

Block number disappears
from input line and is
transferred to top of
screen. '
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7. Handling the control unit — Program controlled operation

Direct generation of a program

Deleting a block

In mode 11, find block
to be deleted (page Fress address
7-27). : key 'N'.

address
Press red 'Delete' key.

N ]
G
x

Y -20.000

M
£

Block to be deleted is
displayed in the middle
of screen. _ .

Press 'Transfer' key.

Block to be deleted dis-
appears from screen and
is erased from memory.

7-34 "

Address N appears high-
lighted on input line.

'CLEAR' appears adjacent
to N on input line. )




7. Handling the control unit - Program controlled operation

Tool compensation (self-retaining)

Tool store T
Entering a tocol number

Tool store T always be-
longs to a certain pro-
gram. Toecl length and
radius compensations are
activated by calling a
toel (T address). They
are self-retaining and
thus valid from the time
the associated tool is
changed into the spindle
to the call of a new
tool. '

(Tocl numbers may have
up to six digits.)

Select mode 10.

If you decide to use
tool compensations from
tool store T, you should
press the 'Transfer' key
whenever a compensation
value D is requested by
the control in the input
dialog.

Press 'T' key and enter
tool number.

Load program into - main
memory of control (page

7-6).

%

%
W1 520MD4  (KURBEL)
%3

OMD4 (WELLE)

%5 OMD4  (FA.SK+P)

%6 OMD4  (FA.MOELLER)
%100 40MD4 (MOTCR)

%200 160MD4  (FIRMEN SIGNET)

M 256648

v

Press 'Transfer' key.

%1
‘TOOL RADIUS LENGTH TEXT

»

2]

%1 i
§ TOOL RADIUS LENGTH TEXT

Display screen shows
head of tool table for
tool store T,

Tool number appears on
input line.

Tool number 1is now in

tool store.
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Tool compensation (self-retaining)

Tool store T
Entering a radius compensation value

Press 'R' key and enter
radius compensation val- Press 'Transfer’ key.
ue.

®

%1
TOOL RADIUS LENGTH TEXT

i R25.000 L
A A

[R_25.000
BA1D

'R' and compensation Radius compensation is
value appear on input now in tool store.
line.

Tool store T
Entering a length compensation value

Press 'L' key and enter

length compensation val- Press 'Transfer' key.
ue.

%1 -
. TOOL RADIS LENGTH TEXT

%1
© TOOL RADIUS LENGTH TEXT

| W F25.000 L
A A

m R25.000 L 40

e and compensation Length compensation is
value appear on input ‘now in tool store.
line.
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7. Handling the control unit — Program controlled operation

Tool compensation (self-retaining)

Tool store T

- Entering a radius allowance on compensation value

Press 'R'and 'A' keys
and enter allowance val- Press 'Transfer' key.
ue.

& | 4B ®

%1 %1
TOOL AADIUS LENGTH TEXT TOOL RADIUS LENGTH TEXT

[-tal R25.000 L 0.000

En R25.000 L 0.000
A 0.500 A

'RA' and allowance value Allowance on radius’ is
appear on input line. now in togl store.

Yool store T
Entering a length allowance on compensation value

Press 'L'and 'A' keys
and enter allowance val—- Press 'Transfer' key.
ue.

%1
TOOL RADIUS LENGTH TexT

4
-%1
TCCL RADIUS LENGTH TEXT

- BT1 R25.000 L 0.000
A 0500 A 2.500

Er R25.000 L 0.000
A D500 A

'LA' and allowance value Allowance on tool length
appear on input line. is now in tool store,

| [ o
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Tool compensation {self-retaining)

Tool store T
Entering a tool designation (comment)

Press '{', key, enter
corment, then press ')’
key.

Press 'Transfer' key,

A comment of max 22

characters (for example '_ * .
the tool designation) o
can be entered for each i
tool. To do so, find “looL RADIUS LENGTH TEXT

tool number (page 7-38).

1 A25000 L 0.000
Corments may be altered L LA S000 & Do

%1
TOOL RADIUS LENGTH TEXT

BTt R25.000 L 0.000 END
A D500 A 2500 MILL

as required or deleted
(pages 7-8 and 7-9).

Cgmnent appears on input Comment now appears be-—
line. hind tool number - inm
'Text' column.

Tool store T
Entering additional compensation values

Press 'x', key and enter :
number of  additional Press 'Transfer' key.
compensation.

Additional tool length [[= *
and radius compensations “ 1 _ .
may be entered for each ‘

tool. They are marked in
the tool store by * and

{1
' JOOL RADIUS LENGTH TEXT

%1
TOOL RADIUS LENGTH TEXT

3 T2 A 7.500 L -5.200 KEYWAY
a number. If any such * T2 A 7500 L -5.200 KEYWAY A CUTTER
i 3 —_ A A CUTTER T R40.000 L-15.000 SHELL END
tool is ca.lled_ln a pro Bs  Rs0000 L-i5000 SHLL END | " . e
gram, the cutting opera- A A ML Brawt R L

tion is continued with Ty

the same tool, but with

altered compensation

values.
Number of tool for which  Number of * tool is now
a * tool is to be de-  1in tool store.
fined, as well as * and Additional compensations

previously entered num-  ©an now be entered
ber of additional com- {pages 7-35 to 7-37).
pensation appear on

input line.
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7. Handling the control unit -~ Program controlled operation

Tool compensation (self-retaining)

Tool store T
Searching a tool number

-Select mode 10.

Either: use 'Cursor up/
down' keys to set cursor
to desired tool number.

Or:
Press '?' key and enter

desired tool number.

Press 'Transfer’ key.

(v [4]

%1

TOOL RADIUS LENGTH TEXT
" Tz A 7.500 L -5.200 KEYWAY
A A CUTTER
T3 HA40.000 L—15.000 SHELL END
A A MR L

T3 R38.000 L-12800

A

#iT+  AB0.000 L-35.000 FACE
A A MILL

BA 10

»

»

%1
TQOL RADIUS LENGTH TEXT

T2 R/ 7.500 L -5.200 KEYWAY
A A CLVTER

T3  R40.000 L-15.000 SHELL END
A A MILL

T34 A39.000 L-12.600
A A
B4 AB80.000 L-35.000 FACE
A A MILL

BA1G

®

%1 °
TOOL RADIUS LENGTH TEXT
- W2 R 7.500 L -5.200 KEYWAY
A A CUTTER
T3 R40.000 L-15.000 SHELL END

A A MA.L
TIwl R3IS.000 k-tZ.SDO
A
. T4 ABA0.000 L-35.000 FACE
A A MILL

Cursor is positiconed at
desired tool number,

Tool store T

Desired tool number
appears on input line,

Changing a compensation value

Find tool number (see
abovel. Press adress
key for compensation

value to be altered, for
example 'R' for radius
compensation, and enter
new value.

Press 'Transfer' key.

%1
TOOL RADIUS LENGTH TEXT
Hrz R 7500 L ~5.200 KEYWAY
A A CUTTER,
T3  R40.000 J|u.t-1s.uun SHELL END

A
Tawt R39.000 IIA—12.BOQ

A
T4 RE0.000 L-35.000 fpcE
A A MILL.
1 3.000

BA1G -

%1
TOOL RADIUS LENGTH TEXT
W2 R 8.000 L -5.200 KEYWAY
A A CUTTER
T8 R40.000 L-15.000 SHELL END

A A

T3w1 RIO00 L-12.800
A A -

T4 RE0.000 L-35.500 FACE
A A MILL

'R' and new value appear
on input line.

New compensation value
is now in tool store,

(8] [ 3B ®

Cursor 1is positicned at
desired tool number.

For 1length compensation
or allowance proceed in

~ the same manner,

7-3%




7. Handling the control unit — Program controlled operation
Tool compensation (self-retaining) '

TJool store T
Deleting a tool

Select mode 10 and find
desired tool {page

Press 'Transfer' key.
7-38). i

Press 'Delete’ key.

|7 | »

%‘}'OOL RADIUS LENGTH TEXT

T2 8 8.000 'i ~5.200 i

Ta gm.ooo k-1s.oeo %U'LEII_.-.-%ND
Br3w1 R39.000 L-12.800

%1
TOOL RADIUS LENGTH TEXT
T2 A 8000 L -5.200 KEYWAY
A cur

A TER
T3 A40.000 L-15.000 SHELL. END

%1
TOOL RADIUS LENGTH TEXT

R 8.000 L -5200 KEYWAY

A A CUTTER

R40.000 L-15.000 SHELL END
A MILL

A A pILL
w1 A33.000 k-‘l 2.800
A
T4 RB0.G00 L-35.500 FACE
A A MILL

T4 AB0.000 L—35.500 FACE
A A MLL

A
RB0.000 L-35.500 FACE
A A MILL

Cursor is positioned at Number of tool to be Tool data are erased in
desireq tool number. deleted and 'CLEAR' ap- tool store.
pear on input line.

Tool store T
Deleting all tools If all tools are to he
deleted, press 'Y' for
YES (otherwise press 'N’
for NOY. :
Select mode 10 and press ! '
Delote: ey ox p Press 'Transfer' key.

A7 (v | | B o

%t
TOOL AADILS LENGTH TEXT
T2 R 8.000 L -5200 KEYWAY
A A CUTTER
3 R40.000 L-15.000 SHELL ENO
A ML

%1
TCOOL RADIUS LENGTH TEXT

%1
TOOL RADIUS LENGTH TEXT
T2 R 8.000 L -5.200 KEYWAY
A A CUTTER
T3 A40,000 L-15.000 SHELL END
A A ML

. A
W4 R80.000 L-35.500 FACE
A A MILL

L
P4 A80.000 L-35.500 FACE
A A MILL

'ALL CLEAR Y/N' appears 'YES' appears on input Tool store is now clear.
on input line. line.

7-40




7. Handling the control unit — Program controlled operation

Tool compensation (effective in only one block)

Tool compensation store D

Searching a tool compensation number

Tool compensation store
D should only be used in
connection with DIALOG 3
programs.,

In this case, tool store
T must not contain any
compensation values,
since otherwise the D
and T compensation value
may be added.

Toel compensation store
D also forms part of the
program. Up to 100 com—
pensation values can be
stored in compensation
store D for each pro-
gram, ’

Tool 1length compensa-
tions are effective in
only one block.

Tool radius compensa-—
tions must be entered in
reply to the input dia-
log each time a compen-—
sation on the contour is
called.

To get into tcol compen—
sation store D, press
address key 'D’.

Select mode 13 (page
7-3) or open a program
{page 7-6).

Select mode 10.

%1
TOOL RADIUS LENGTH TEXT

Since the tool compensa—
tion values belong to
the program, there will
be no access to the com—
pensation store without
a program in the main
memory.

Enter number of desired
decade, for example 5
for 50.. ’

Display screen

shows

contents of tool store

7.

Enter number of desired

compensation in
decade, for example 7.

9

D5
o [M123¢H6789 RN
M BA 10

»

D50
051
052
033
D54
D35

D56
os7
0S8
D59
- D (11234 A s7ee- O
M : BA 10

>

D50
D51
[81.7]
053
D54
085

D56

D57

Dsa

D59
D [0 1234 El6789
M v . "BA1G

Tool compensation store
D stores the program-
related compensation
values in decade blocks
(groups of ten). Dis-
play screen shows first
decade in which a com-
pensation is stored.

Desired decade appears
on display screen, Dec—
ades containing compen-—
sation values are shown
highlighted in  lower
left of screen,

Cursor jumps to desired
compensation number.

7-41
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7. Handling the control unit — Program controlled operation

Tool compensation (effective in only one block)

Tool compensation store D

Entering a tool compensation value

Find desired tool com— Enter compensation value
pensation. number, for with sign, for example Press 'Transfer' key.
example 57. 33.050 (= 33.05 mm),

D50
051
D52
D53
D54
Dss

050
D51 5.000
D52

D53

D54

D55

D56

057

D58

059

D [23¢E6729 Gl
M

BA 10

D50
D51 2.000
D52
D53
D54
Ds5
Ds6
D57
Ds3
v]

(ol o QF&cTE 5 200 D57 33.050 ]
M BA 0

D58

D57

D58

D059
D T 1234 H 5789
M

Compensation value ap- Compensation value is

pears adjacent to com- transferred to compensd-
pensation number on in- tion store,
put line.

Tool compensation store D
Altering a tool compensation

Find desired tool com— Enter new compensation
pensation number, for  value, for  example  Press 'Transfer' key.
example D75. '+14.020. '

» 4B °

D70
D71
D72
073
D74
D75 21.250
076
o7
078
D79
7 2]
BA 10

D70
D71
D72
b73
D74
075 21,250
D76
D77
D78
, D79
.0 W23 EcE89
s M BA 10

D70

071

072

D73

D74

D75 14.020

3/

077

D78

D79
D [24 s Hse

- M

0 [M123sH6G
M

New compensation value New compensation value
appears adjacent to com— is transferred to com—
pensation number on in- pensation store. Pre—
put line. vious compensation value

is deleted.
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7. Handling the control unit — Program controlled operation

Tool compensation (effective in only one block)

Tool compensation store D

Deleting an individual tool compensation value

Find desired tool com-
pensation number, for Press 'Transfer' key.
example D75. Press 'Delete' key.

NE »E

D70
[srd]
Dr2
D73
074
D75

D70
o
D72
D73
D74
D75 14.020
D76
D77
D7e

079
D f)123¢ @ sH 9
M BA 10

D70
D7
D72
D73
D74
(2743
D76
o077
073

D79
[P0 RP=<2Y 5 327 10
M

-D7§
D77
O78
078
D [lt234 E 6788
M

BA 10

'CLEAR' appears adjacent Compensation value -is
to compensation number deleted.
on input line.

Tool compensation store D
Deleting a tool compensation decade

In mode 10, enter nun+
ber of decade to be de-

leted, for example DB8. Press 'Delete' key 2x. Press 'Transfer' key.
D[/ » ®

D80
o8t
Dez 25.000
D33
DB4 125.260
Das

D8g
D81
De2 25000
Da3
D84 125.250
DB5
D86 57.200

Da&o
D81
Da2
D83
084
D85
Dae
D87
088
D8g
0 DBliz234Hs78%
M

086 57.200
ey
D88 -

D83
o 124 3Be7 Ao
M

D87

Das

DB% 3.325
o [z 67 Ele

BA 10

Desired decade appears '10 x CLEAR' appears ad- Complete decade is de-
on display screen, jacent to decade number leted. Highlighted dec-
on input line. : ade number B disappears.
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7. Handling the control unit — Program controlled operation

Tool compensation (effective

in only one block)

Tool compensation store D

Deleting all tool compensation values

Select mode 10 and press

Press 'Delete’ key 2x.

Press 'Transfer' key.

'D' key.

Deo
D81
DBz
[v:x]
D&4
ogs
DBs
ey
o0

Da9
o EI1234El578
M = BA 10

D80
D81
02
D83
D84
D85

D86
oay

Das
[0):]

D L1234 6789
M aA 10

0 0122456789
M

First decade containing
a compensation value ap-
pears on display screen.

7-44

'ALL CLEAR’
input line.

appears on

All tool compensations
of the selected program
are deleted.




7. Handling the control unit — Program

Tool compensation (effective in only one block)

controlled operation

Tool compensation store D

Entering a tool length compensation call

Load program into main
memory, if required.

Fress address key of

In mode 11, find block axis where tool length
where tool length com- compensation 1is to be
pensation is to be acti- applied {(in most cases Y
vated, or Z).

In order for the control
to know at what point in
a program- a tool length
compensation is to be
used, the tool compensa-~
tion with the compensa-
tion number have to be
programmed accordingly.

> \ 4

Axis address appears on
input line.

Enter compensation num-
ber under which tool
compensation is stored
in compensation store,
for example 1 (always
positive).

Press 'Transfer' key.
Press 'D' key.

‘D' appears on
line,

input Number appears on input

line,

Tool length compensation
call is inserted in cor-
rect position into pro-
gram block.

745




7. Handling the control unit — Program controlled operatio

Cutting data calculator

Cutting data calculator

The new DIALOG 11 is
equipped with a cutting
data calculator reliev-
ing you of the tedious
calculation of the feed
rate and spindle speed
in manual data input
(mode 11).

The cutting data calcu-
lator can also be used
for optimizing the
cutting data.

First enter your parame-
ters (tool diameter,
cutting speed, number of
teeth and feed per tooth
or per revolution).

The calculator will pro-
duce 'odd' values for
feed rate and spindle
speed.

Activating the cutting data calculator

Select mode 11.

Press 'FKT' and 'F' or
'S' keys.

| i [F &

SF-CALCULATION
BourcHmesseR [MM]:
DIAMETER
SCHNITTGESCHWINDIGKEIT [M/MIN]:
CUTTING SPEED
DREHZAHL [RPM]:
SPINDLE SPEED

ZAEHNEZAHL
NUMBER OF TEETH

VORSCHUB/ZAHN [MM/TOOTH]:
FEED/TOOTH

VORSCHUB/UMDREHUNG  [MM/RPM]:
FEED/RPM

VORSCHUB [MM/MIN]:

FEED RATE

Display screen shows a
table used for entering
your cutting parameters.

Now you enter the near-
est 'straight' feed rate
and spindle speed: the
cutting data calculator
will indicate the actual
cutting speed and the
corresponding feed per
cutter tooth or
revolution.

TIRERRLLREEL

AN NNy




7. Handling the control unit — Program controlled operation

Cutting data calculator

Entering a value

Y]

'Cursor  up/down'

to move cursor to Press 'Transfer' key.
red value. Enter value.

V) [a E S »D \ 4

SF-CALCULATION

Booscusssen [MM]:
DIAMETER

SCHNTTGESCHWINDIGKEIT  [MMIN]:

e (D

0 ‘<«

€ A
M M v

SF-CALCULATION
.DUHCHMESSER [MM]: 50.000
DIAMETER
SCHNITTGESCHWINDIGKEIT [M/MIN]:

SF-CALCULATION
DURCHMESSER [MM]: 50.000
DIAMETER
lSCHNITTGESCHWINDlGKEIY [M/MIN]:
CUTTING SPEED

CUTTING SPEED

[RPM]: DREHZAHL (RPM]: DREHZAHL [RPM):
| SPINDLE SPEED SPINDLE SPEED
|
| zamenEzAML ZAEHNEZAHL ZAEHNEZAHL
| NUMBER OF TEETH NUMBER OF TEETH NUMBER OF TEETH
i HUBZAHN [MM/TOOTH: VORSCHUB/ZAHN [MM/TOOTH]: VORSCHUB/ZAHN [MM/TOOTH):
O0TH FEED/TOOTH FEED/TOOTH

VORSCHUB/UMDREHUNG  [MM/RPM]:
FEED/RPM
VORSCHUB [MM/MIN]:

S 50.0 |

VORSCHUB/UMDREHUNG  [MM/RPM]:
FEED/RPM

VORSCHUB [MM/MIN]:

FEED RATE

US/UMDREHUNG  [MM/RPM]:
=AM

U [MM/MIN]:

U amm

Cursor is positioned at Value entered appears on Value is transferred to

parameter for which a input line. cutting data table. In-

wz2lue is to be entered. put 1line is cleared.
Cursor has moved to next
parameter.

Changing a value

Use 'Cursor  up/down'
xeys to move cursor to Press 'Transfer' key.
desired value. Enter new value.

v, [ D> 2 ®

SF-CALCULATION

SF-CALCULATION

SF-CALCULATION BourcHmessen [MM]: DURCHMESSER [MM]: 60.000
Bouscruesser MM] DIAMETER DIAMETER
DIAMETER SCHNITTGESCHWINDIGKEIT [MMIN]:  25.0 BSCHNITTGESCHWINDIGKEIT [MMIN]:  25.0
ITTGESCHWINDIGKEIT (M/MIN]: CUTTING SPEED CUTTING SPEED
CUTTING SPEED DREHZAHL [RPM]: 159 DREHZAHL (RPM]: 132

DREHZAHL [RPM]:
SPINDLE SPEED

SPINDLE SPEED SPINDLE SPEED

ZAEHNEZAHL ZAEHNEZAHL 6
ZAEHNEZAHL NUMBER OF TEETH NUMBER OF TEETH
NUMBER OF TEETH VORSCHUB/ZAHN [MM/TOOTH]:  0.150 VORSCHUB/ZAHN (MWTOOTH]:  0.150
o UB/ZAHN [MM/TOOTH]: FEED/TOOTH

FEED/TOOTH
VORSCHUB/UMDREHUNG [MM/RPM]: 0.800
FEED/RPM
VORSCHUB [MM/MIN]: 118.8
FEED RATE

TOOTH
UB/UMDREHUNG  [MM/RPM]:
RPM

JORSCHUB [MM/MIN]:

VORSCHUB/UMDREHUNG [MM/RPM]: 0.800
FEED/RPM

VORSCHUB [MMMIN]:  143.1
FEED RATE

FEED RATE B BEEET
Cursor is positioned at New value appears on in- New value is shown in
value to be changed. put line. cutting data table. In-

put line is cleared.




7. Handling the control unit — Program controlled operation

Cutting data calculator

Calculating the values for a new operation

For a completely new
calculation of the cut-  Press 'Delete' key 2x. Press 'Transfer' key.

ting data:
. ZalE B B &

SF-CALCULATION
SF-CALCULATION DURCHMESSER [MM]: 50.000

DURCHMESSER MM]: 50.000 DIAMETER
DIAMETER v CHNITTGESCHWINDIGKEIT [M/MIN]:  25.0

BlSCHNITTGESCHWINDIGKEIT [MMIN]:  25.0 CUTTING SPEED
CUTTING SPEED DREHZAHL
DREHZAHL [RPM]: 159 SPINDLE SPEED

SPINDOLE SPEED
ZAEHNEZAHL : 6
ZAEHNEZAHL 2 6 NUMBER OF TEETH

SF-CALCULATION
BourcHmesser [MM]:
DIAMETER
SCHNITTGESCHWINDIGKEIT [M/MIN]:
CUTTING SPEED
DREHZAHL [RPM]:
SPINDLE SPEED

[RPM]: 159

ZAEHNEZAHL

NUMBER OF TEETH . VORSCHUB/ZAHN [MM/TOOTH]: 0.150 7 g:;::ﬁ?aofz: LiETH
VORSCHUB/ZAHN [MM/TOOTH]: FEED/TOOTH Sz [MM/TOOTH]:

/UMDREHUNG [MM/RPM]: 0.800
FEED/TOOTH VORSCHUB/UMDREHUNG [ I VORSCHUB/UMDREHUNG  [MM/RPM]:

FEED/RPM
VORSCHUB [MM/MIN]:
FEED RATE

VORSCHUB/UMDREHUNG [MM/RPM]: FEED/RPM
FEED/RPM : ] VORSCHUB [MM/MIN]:  143.1

VORSCHUB [MM/MIN]: D 8A
FEED RATE

~-CLEAR ALL-

'CLEAR ALL' appears on Cutting data table is
input line. cleared. New values can
now be entered.

Switching off the cutting data calculator

Remember or jot down Press 'FKT' and 'Trans-
cutting data to be used. fer' keys.

*m 5 &

SF-CALCULATION

DURCHMESSER [MM]: 50.000
DIAMETER

SCHNITTGESCHWINDIGKEIT [MMIN):  25.0
CUTTING SPEED

DREHZAHL [RPM]: 159

SPINDLE SPEED

ZAEHNEZAHL
NUMBER OF TEETH
VORSCHUB/ZAHN [MM/TOOTH]: 0.150
+ o FEED/TOOTH
'ORSCHUB/UMDREHUNG [MM/RPM]: 0.800
- FEED/RPM
VORSCHUB [MM/MIN]:  143.1

FEED RATE
R

Block last worked on ap—
pears on display screen.
Program input can be
continued.

AR AR A AR AR R A A AR AR A A R R A A 0 R 000




7. Handling the control unit - Program controlled operation

External data storage

Data transfer to cassette recorder

¥

storage capacity of
control is suffi-
nt for storing almost
number of programs
—-digit program num-

-
M @ o

moO o

J

I
1@ O ct o X

»

¢
e}

[

(0]

he other hand, it is
n desirable to store
rams externally, for

h 3 b o»m

3 )Y

ar

1 e C) &

e |

the purpose of

iling them;

— because they are to be
used on another ma-
chine;

— because they are used
only occasionally.

what you need .for filing

2 program 1is a cassette

recorder with counter,

utomatic 1level control
and a listening-in fa-
cility during recording
we recommend a GRUNDIG
recorder).

cor filing we recommend

n SK 2333 'Compusette'

ata cassette manufac-

ured by BASF.

h ~h
S Bl=)

v

o Q

Rewind cassette and set
counter on recorder to
zero.

Commercial cassettes ac-
commodate one or several
programs, depending on
their length. You may
also use miniature cas-
settes (recording time
8 minutes) to file each
program separately.

NOTE

It is possible to gene-
rate DIALOG 3 programs
on the DIALOG 4 control
and to rename DIALOG 4
programs into DIALOG 3
programs.

However, a DIALOG 3 pro-
gram must not contain
any DIALOG 4 functions,
otherwise an error code
will be indicated when
reading out the program
from the DIALOG 4, and
reading out is termi-
nated.

Find blank section on
cassette: listen in and
wait until neither uni-
form nor interrupted au-
dio signal can be heard.

Jot down counter read-
ing.

Connect control and cas-
sette recorder by means
of connecting cable
(Stock No. 2280 000340).

\ 4

cpre rece
fanna eoco

'1:&"

control:

Receptacle on
at bottom of cubicle; on

cassette recorder use
recording input.

Press pause button on
recorder, then simulta-
neously press recording
and replay buttons.

\ gemmme lm |

AuFNAeg T e

%R

a

Audio signal indicates
that control is ready
for data output.



7. Handling the control unit — Program controlled operation

External data storage

Set recorder for auto-

matic level control, if Select 'CASS' interface

required. Select mode 14. (see page 7-88).

»5 >

%2 1IN OUT EACASS

{ONOF
Y e n D,

A BEd-
W[ 1] %2

%2 1 IN OUT EACASS

% I % BN O I T B

%2

To set control for data

output: use 'Cursor

right/left' keys and Check whether uniform

move cursor to 'OUT'. Press ' Acknowledgment' audio signal can be
key. heard in earphones.

> |- ]* JE> 2 ’

%2 1IN EAOUT CASS %2 1 IN CASS

% I %« I D BN

BAEImTP
%2

%2

Current program is shown
on the 1left side of
display screen. High-
lighted area about 'OUT'
increases in size.

L L A A A A A A A A A L R A A A A A N R 00 0 0000



7. Handling the control unit - Program controlled operation

=xternal data storage

£ the program shown on
ne screen is to be re-

3 O 1 =~

orded:
elease pause button on
recorder and again press If a different program Use alphanumeric key-
"Acknowledgment' key. is to be read out: board to enter program
press '%' key. number.
5 "V » 2

—
%2 1 IN CASS

1 IN EAOUT CASS

%2 1IN CASS

B B3I Doe

% W %« B OB T I

o 1% B % M D I T
o

%2

| % _100]

Control reads out pro- Input line appears on Program number appears
gram. Blocks being read display screen. on input line.

out are shown on display

screen.

Release pause button on
recorder and press 'Ac-
Press 'Transfer' key. knowledgment' key.

B PO g

1IN EAOUT CASS

BEBEIpTe
%100

N5

New program number ap- Control reads out pro-

pears in upper left. gram. Blocks and num-
bers tool compensations
are shown on display
screen as they are read
out.




7. Handling the control unit - Program controlled operation

External data storage

If program called is not
contained in  program
store of control, mes-
sage '7??' will be shown
on display screen.
In this case,
output procedure.

repeat

Jot down counter reading
and write program number
etc on cassette label.

N

Switch off recorder.

%2 1 IN EAOUT CASS

BEaoTe
%100

N5

When recording is com-
pleted, highlighted area
underneath 'OUT' disap-
pears. Audio signal in
earphones turns to uni-
form sound.

When a program is re-
corded on cassette, the
pertinent subroutines
and tool compensations
are recorded as well.

Cancel program in con-
trol (see page 7-11).
To protect cassette from
inadvertent erasing of
program, brake out plas-
tic flap on outer rim.

Program
sette,
contained in
store of control.

is now on cas-
but still also

program

LA AR A A R A A A A A R A A R A A A R R A A A A A AR R RN 0 R 0L



7. Handling the control unit — Program controlled operation

Zxternal data storage

Data transfer from cassette recorder to control

Find program start on

Connect control and cas- cassette tape (counter
sette recorder by means reading on cassette
of connecting cable. label). Select mode 14.

>

%2 1 EAEIN OUT CASS

>

[ % J% * B DI T My
%2

A uniform audio signal
should be heard at that

point.
?f reqqired, select Use 'Cursor right/left’
CASS' interface (see keys to move cursor to
page 7-88). "IN' .
: If control already con-
’ Ll tains a program under
the number of the pro-
%2 1 IN OUT EACASS 1 EAIN OUT CASS gram you want to read
in:
oo BD] P cancel program in con-

°o [ %« I DI T Mg
%2 trol (see page 7-11).




7. Handling the control unit — Program controlled operation

External data storage

Press 'Acknowledgment'

and 'Transfer' keys. Press replay button on
recorder.
. A\ N
§> f’ \__ e 7N A m * '
1 I OUT CASS N 77 {0j4[4lsi3 L
e+ B0 N ¥ I % I % MO T 2
T e T E %2
: N13
N 051
<5 min
M
Control is now ready for Program number, block
program input. '%?' ap- numbers and tool compen-
pears highlighted on sations are shown on
display screen. display screen as they

are read into control.
The time it will probab-
ly take to transfer the
program is indicated in
minutes.

Switch off cassette re-
corder.

To check that program
has been transferred

1 EMIN OUT CASS

correctly:
"B B E call program in mode 13
%2 (see page 7-3);
N check program in mode 11
N16 (see page 7-27).

Qs1

M

When input is completed,
highlighted 'IN' returns
to normal.

LA AAA AR AR AR A R R A AR A R R D R A Rk Ak R 2 4



7. Handling the control unit — Program controlled operation

External data storage

Data transfer to tape reader

Connect control and tape Select mode 14.
reader by means of con- Insert blank tape.
necting cable.

%2 1 EAIN OUT CASS

meEmrTe

%2

Select program and read
out data, proceeding as

Select interface (see described for cassette
page 7-88). recorder (page 7-49).
l. When using terminal for
* _ programming, add the
: following information on
o= 1IN OUT EARS232 %2 { IN EAOUT RS232 the tape (for example

for program number 1):

[ I oo~ QDI T B
%2 at start of tape:
N4 %

051 (& % 1,/00000000);

BEEInnm-e
%2

at end of tape:
? 0000.

When output is complet-
ed, highlighted 'OUT'
returns to normal.



7. Handling the control unit - Program controlled operation

External data storage

Data transfer from tape reader to control

Connect control and tape Insert tape with desired
reader by means of con- program into tape reader
necting cable. unit. Select mode 14.

Transfer data, proceed-
ing as described for

Select interface (see cassette recorder (page
page 7-88). 7=53) .

. When using terminal for
programming, add the
following information on

1 EAIN OUT CASS the tape (for example
A for program number 1):
BEEIEO-r at start of tape:
%2 %,
iy (& % 1/00000000) ;
at end of tape:
? 0000.
If the number of the
program to be read into

the control 1is already

When intput is complet-— contained in the program
ed, highlighted 'IN' re- store, an error message
turns to normal. will appear.

Remedy: rename program.

MAABAERARAAARR AR A AR AR AR R A A R R R R R R A 1 2



7. Handling the control unit — Program controlled operation

External data storage

Selective data transfer

Use 'Cursor right/left' , '
keys to move cursor to Press 'Transfer' key.
YOUT! .

As a rule, tool compen-
sations and local sub- e > * J£> '
routines are also trans-
ferred when programs are
read in and out. It is
possible, however, to
transfer the program,
Zhe tool compensations
and the subroutines se-
lectively. To read out
a2 program without the
compensation values in
Tool compensation store . i )
D, for example, proceed Cursor is positioned at 'OUT'  is  highlighted.
2s follows: 'OuT", Cursor is positioned at

program number.

The data not to be read

out can now be selected.

Use 'Cursor right/left!'
to move cursor to data
block not to be read out
(in this case tool com-
Use 'Cursor up' to move pensation store D).
cursor one line up. Press 'Delete' key.

SEICE. =

%1 1 IN@ENE TTY

& & B e

%1

Cursor is now positioned Cursor is positioned at Highlighted 'D' returns
at highlighted '%'. highlighted 'D'. to normal.
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External data storage

Use 'Cursor left' to Use 'Cursor down' to
move cursor fully to the move cursor to program
left. number.
‘ Now start reading out
i Y. . the program: the datz of

tool compensation stors
D will not be read out.

To exempt data blocks
from being read in, move
cursor to 'IN', press
'Transfer' key and pro—
ceed in the same manner.

Cursor is positioned at Cursor 1is positioned at
oLt program number.

Interrupting data transfer from control

The data being read out
are always displayed

underneath the program To interrupt data out-
number on the display put, press 'Delete' key.
screen.

Reading out can at any
time be interrupted,
continued and terminated

on the control. 1 1 INENTTY %1 1 INGEEE TTY
This does not affect the WTE - ATE M-

external storage, how- KURBEL
ever, which means that !
the cassette recorder
will continue running.

KURBEL
ol
N8

Stop
<1min

'Stop' appears on dis-
play screen.

Data output 1is inter-
rupted.
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External data storage

Continuing data transfer from control

To continue data output,

Data transfer was inter- press 'Transfer' key.
rupted.
‘ Data output can be in-
€> terrupted any number of-
times: no data will be
%1 1 INBENE TTY = T NENG TTY lost.
e - Ll ol I
K/QL;IHBEL 'flJ,RBEL
N8 Stop N12
<1min
Display screen shows 'Run' appears on display
'Stop’. screen.
Control continues read-
ing out the program.
Discontinuing data transfer from control
To terminate data out-
put, press 'Delete' key. Then press 'Acknowledg-
ment' key.
Program output has been
% ’ E> terminated. If you then
wish to read out the
o Y NG TTY - i+ N @ouT TTY data, start the proce-

dure all over again.
AT E - ¢
KURBEL

Yol

N17

- Jo+l DT W

KURBEL

%1

N17
Break Stop
<1 min

Stop
<1 min

'Stop' appears on dis- 'Break Stop' appears on
play screen. display screen.
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External data storage

Interrupting data transfer to control

The data being read in

are always displayed un- .

derneath the program To interrupt data in-
number on the display put, press 'Delete' key.

screen.
T . The interruption does
% not affect the external
storage, however, which
% 1 @ out TIY “ 1 @ our TIY means that the cassette
o7 I re o recor.*der‘ will continue
running.

KURBEL 1

KURBEL 1
."/01

N#3
<1min

'Stop' appears on dis-
play screen.

Data input is inter-
rupted.

Continuing data transfer to control

Data transfer was inter- To continue data input,
rupted. press 'Transfer' key.

[—— . If data input is inter-
é;: rupted and then con-

tinued, data will be

% 1 @ our Ty %1 1 INBNE TTY lost if the cassette re-
WETE @ - = ol B corder continues running
R 3 — during the 1nterrupt}on.
h;g .3L The program .reaq 1n§o
Stop Run the control will in this

<tmin <timin case be inhibited. 'S’

and 'E' are shown behind
the program number in
the program list.

Display screen  shows 'Run' appears on display
tStop' . screen.
Control continues read-
ing in the program.

IAAAA A A DAY DA AR A AR A AR AR AR AR DA AR
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External data storage

Discontinuing data transfer to control

To terminate data in- Then press 'Acknowledg-
out, press 'Delete' key. ment' key.
Program input has been
Vi W* J—O ' terminated. If you then
wish to read in the
| [ 1 M@ ouT TTY 1 BN ouT TIY data, start the proce-
| mmE @ o I dure all over again.
{ - oy v 'S' and 'E' are shown
B %! behind the program num-
B << A ber in the program list.
1 <1 min <1min ('S' means 'Program in-
3 hibited';
; 'E' means 'Reading-in
| error')
'Stop' appears on dis-— 'Break Stop' appears on
play screen. display screen.
To work on a program not
correctly transferred,
press 'S' and 'Delete'
keys. Press 'E' and 'Delete'
Select mode 13. keys.
(s B e[/ ®

144MD4 (KURBEL)

%
L A 144MD4SE (KURBEL)

144MD4E  (KURBEL)
%3 OMD4  (WELLE) %3 OMD4  (WELLE) %3 OMD4  (WELLE)
%5 OMD4  (FA.SK+P) %5 OMD4  (FA.SK+P) %5 OMD4  (FA.SK+P)
%6 OMD4  (FA.MCELLER) %6 OMD4  (FA.MOELLER) %6 OMD4  (FA.MOELLER)

%100 40MD4 (MOTOR)
%200 120MD4 (FIRMEN
SIGNET)

%100 40MD4 (MOTOR),
%200 120MD4 (FIRMEN
SIGNET)

%100 40MD4 (MOTOR)
%200 120MD4 (FIRMEN
SIGNET)

M 253304 M 259304

M 259304

'S' and 'E' are shown 'S' behind program num- 'E' behind program num-
behind the program num— ber disappears. ber disappears. Program
ber in the program list. can now be completed or

corrected in mode 11.
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Program—-controlled machine operation

Program—controlled machine operation
Trial run block by block

Set up the machine and
move tool to starting
position.

Select mode 13 and call
desired program (page
7-3).

A new program should
first be tried out block
by block before a work-
piece is machined.

In such a trial run, the
operation is stopped
upon the completion of
each block. In rapid
traverse blocks the mo-
tion can be slowed down
by means of feed rate
override control (6).

Press 'Cycle start' but-
Select mode 8. ton (20).

: \ 4

%2
%! 264MD4 (DECKEL)

B2  24MD4  (UC2800-01 TEILT)
%4 80MD3S
%S oMD4 ()
%8 160MD4 (WELLE4711)

Press 'Cycle start' but-—
ton (20) again.

I el

+5099
+5047
+100000

) > >z »

%2 T
N3 GS0

G42 G47 GO GBO MB1
+5089
0000

+5047
0000

+2000

Display screen shows Machine executes first
first program block with block (setpoint display
setpoint and actual val- disappears) and stops in
ues. the new position. Dis—

play screen shows number
of first program block
with setpoint and actual

prummmm. 1 . [ —

Machine executes next
block and stops again.
Display screen shows
number of next program
block and new setpoint
position.
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Program—-controlled machine operation

After each step continue
trial run by pressing

'‘Cycle start'.

Check cutter path.

In the event of an error
in the program:

Select mode 8.

—]

—_—

+23914
+49528

—-10000
100.000

Display screen shows
first program  block.
Machine slides are still
in target positions of
block where program was
interrupted. Target
positions of first block

P

Select mode 11, find
faulty block (page 7-27)
and correct as required
(page 7-30). Remember
block number.

Press '?' key and en-
ter number of corrected

block (for example 21).

+23914
+49528

-10000
100.000

.

Complete corrected block
to main block by enter-

ing preparatory func-
tion, spindle speed and
feed rate.

The control needs these
data, otherwise cycle
cannot be resumed at the
point of interruption.

Press 'Transfer' key.

O

F200  S+1000

+23914
400.000

+49528

-10000

Desired number 1is shown
on input line.
If that is a main block,

display screen  shows
feed rate and spindle
speed.

The trial run can now be
continued.

Block number moves from
input 1line to top of
display screen.
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Program—-controlled machine operation

Press 'Cycle start' but-
ton (20).

F200  S+1000

+400000
+49528

0.000

Machine executes cor-
rected block and stops.
Display screen shows
following block.

cannot,

After each block, con-
tinue trial run by means
of 'Cycle start'.

In the case of

- compensation on con-
tour,

- chain dimensions,

- zero offsets,

- mirror imaging,

- program part repeti-
tions,

— subroutine blocks,

— complex program struc-
tures (for example,
jumps),

the machining operation
as a rule, be
continued from the cor-
rected block because the
control lacks additional
information required.

Trial run block by block at increased feed rate

You can save a little
time by using a trial
run at increased feed
rate.

Rapid traverse and feed
rates can be varied by
means of feed rate over-
ride control (6).

Use mode 8 and proceed
as in trial run block by
block (see page 7-62).

+49243
21.740
—45.455

+17571
45.025
-20.035

-10000

>3

In this case continue
cycle from the point of

last preceding tool
change, moving the ma-—
chine slides to their

starting positions after
such tool change by man-
ual control.

Press 'Rapid traverse'
button (8) simultaneous-
ly each time you press
'Cycle start'.

+39184
21.740
—45.455

+38599
45.025
-20.835
—-10000

TEST
BA 8

Blocks at feed rate are
executed at rapid rate
block by block. Display
screen shows 'TEST' in
inverse display.

B A G NMNBBARABTBRARADAARADBDARATRATATAATAAAAATAATAAAAAATAATAATAAAAS



7. Handling the control unit — Program controlled operation

Program—controlled machine operation

Program controlled operation (automatic work cycle)

Set up machine and move Select mode 13 and call
ool to starting posi- desired program (page
Zion if required. 7-3). Select mode 9.

> SE .

264MD4 (DECKEL)
24MD4  (UC2800-01 TEIL1)
80MD3 S

OMD4 +39184

160MD4  (WELLE4711)
+38599

-10000
100.000

Display screen  shows
first program block with
setpoint and actual val-

ues.
Press 'Cycle start' but-
ton (20).
JJ During the program run, For interruptions of au-
' display screen shows the tomatic work cycle see
following data: page 7-68.

T F250  S+800 - block number,

et o2 - feed rate,

= o - spindle speed,
Agse8 — direction of spindle
-7524 rotation,

- setpoint positions,

— actual positions,

- tool number,

- G functions,

- M functions,

The machine starts ope- — compensation numbers,

rating in  automatic, - zero offsets.

program—controlled ope-

ration.
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Program—controlled machine operation

Remaining travel display

The 'remaining travel
display' on the display
screen in mode 8 or 9
can be used for reading
off the distances from
the target points in a
block just started.

Press red
ton (7)

'Stop' but-
during program
run (in mode 8 or 9).

Press 'Stop' again.

+41438
45.455
-0.000

+22100
20.835
60.000 |

+0000

© p

©

+19505
45.455
-0.000

—2003
20.835
60.000

—10000

Display screen  shows
triangle ahead of axis
addresses with remain-
ing travel in each axis.
Target positions are
shown underneath.

Screen returns to normal
display in mode 8 or 9.

Rotating the universal table in program controlled operation

Important: command MO
(program stop) has to be
programmed before uni-
versal table can be ro-
tated 1in program-con-
trolled operation.

wWhen MO is reached, the
control interrupts the
automatic work cycle.

Move universal table to
desired position by man-

ual control.

Press 'Cycle start' but-

ton (20).

0.000

+100000
100.000
+90000°

>3

+85293
100.000

+85295
100.000

+15074
2,000
+30000

New table
shown on display screen.

position is

Work cycle continues.

2122222220222 2R ARARARARA A AR AR AR A AR A AR AR A Y
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=rogram—controlled machine operation

Tool change in program controlled operation

Release tool, mount new
tool and reclamp (see
Chapter 3).

when the program con-
Tains a T address in a
olock, the cycle is in-
terrupted after that 2
block in modes 8 and 9.

A4

+100000
+100000

+2000

Number of next tool is
shown highlighted under-
neath number of current
tool. Tool change indi-
cating lamps (21 and
26a) on control console
and remote control start

flashing.
Press 'Tool change' but- Press 'Cycle start' but-
ton (21). ton (20).
; ‘ a0 The tool shanks to be
| * @ mounted should be per-
f fectly clean. Lubricate
| shanks frequently, but
‘ only lightly to avoid
contamination.
+100000
10.000 i
+100000 Always fit protective
10.000 plug to the spindle not
+2000 in use.
Only use tools of appro-

priate dimensions, which

Tool change indicating  Number of new tool ap-  aré suitable for the

lamps (21 and 26a) go pears in place of number maximum spindle speeds

out. of previous tool. programmed for your cut-
Program continues with ting operation.

new cutting tool.
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Program—controlled machine operation

Interrupting the program in the event of tool breakage

Jot down the block num—
ber and restart machine
(see Chapter 3).

Press 'Emergency stop'
button (5).

Mount new tool. Change
* tool compensation if

necessary.

Continue program (ses

page 7-70).

+13615
45.455
-0.000

+13615

-3569
20.835
60.000

-3569

-10000
100.000

-10000
| __FP00]

Machine stops immediate-
ly. All machine slides
are in clamped condi-
tion. Display screen
shows error code FPO.

Interrupting the program by means of 'Cycle stop' button

Press 'Cycle start' but-
ton (20).

> .

T F250  S+800
G90 G42

M61

G3

Press 'Cycle stop' but-
ton (19).

-1470

X
X
|

v
Y
J
&

Machine slides and spin-
dle stop; control re-
mains energized.

Work cycle continues.

AR R RRRARARRARARARRARRRRRERRRARAR R 7R 777l 7 I I 70 7 F P AR R R R e e e e e
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Program-controlled machine operation

Interrupting the program in the event of program errors

If the information con-
tained in the program is
incomplete or false, the
control will interrupt
the cycle a few blocks
in advance.

Push button 'Cycle stop'’
(19) starts flashing.
Display screen  shows
error code and number of
block likely to be
faulty.

If fault is found in a
global (%0...) or local
(%*...) subroutine, the
control may display two
different fault codes.

Either:

the control shows the
main program block in
which the subroutine is
called, together with
the fault code (block
number in subroutine is
not shown).

Or:

the control shows the
block in the global or
local subroutine, to-
gether with the fault
code (subroutine number
remains unknown).

To find faulty block,
proceed as follows:
switch to graphics mode
and run program. Cycle
will continue up to last
correct block.

Correct error in program
(page 7-30 and Chapter
8).

To continue, press 'Cy-
cle start' button (20).

Interrupting the program by changing the mode of operation

When mode switch is set
to another mode, control
first completes the
block in progress.

When changing to mode 8

you can continue your
cutting operation block
by block.

To return to auto mode
proceed as follows:

Select mode 9.

Press 'Cycle start' but-

+23914
0.000

1.260
+49528
55.740
29.875

-10000

»

ton (20).
%

T1 F250  S+800
G90 G42

M61

G2

Work cycle continues.
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Program—controlled machine operation

Continuation of program after interruptions

In the case of

- compensation on con-
tour,

- chain dimensions,

- zero offsets,

- mirror imaging,

— program part repeti-

tions,

- complex program struc-
tures (for example,
jumps),

the machining operation
cannot be continued from
the point of interrup-
tion because the con-
trol lacks additional
information required.

If necessary use mode 11
to complete such block
to a main block by en-
tering spindle speed and
feed rate.

Preferably continue from
first block after last
preceding tool change or
a similarly marked point
in the program.

Select mode 8 or 9.

-

Use mode 5, 6 or to
move machine slides to =
position where progra=
can be continued.

F 125

Press '?' key, enter de-
sired block number.

oy

+8782

+54435

+144617
100.000

_ B

>

+3782

+54435

+144617
100.000

Display screen  shows
first block of inter-
rupted program with

setpoint and actual val-
ues.

Desired number
on input line.

appears

IMMI2 A A A A A A A A A A A A A A A A A A DA AR AN
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=rogram—controlled machine operation

®ress 'Transfer' key.

Press 'Cycle start' but-
ton (20).

+8782
+54435

+144617
2.000

NN < X

N}

O

S+800
G0

G42 G47 GO G60 M8t

+8782
0.000

+54435
0.000

+2000

Zlock number moves to
Top of display screen.

Continuation of program after interruptions within cycles

If a program is inter-
rupted by means of 'Cy-
cle stop' within a mill-
ing or drilling cycle,
the cycle can be resumed
by pressing the 'Cycle
start' button, provided
the mode has not been
changed (important ex-
ception: tapping cycle
G84, see Chapter 6).

Work cycle continues.

Procedure if mode has
been changed:

move tool to position in
which it was before cy-
cle was called.

Continue program from
block containing cycle
call (see page 7-70).
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Screen graphics

Screen graphics (option)

The machining of a work-
piece can be simulated
on the display screen in
the 'graphics' operating
mode. The machine slide
and spindle drives are
disabled while in this
mode.

Simulation options

Simulation of

axis path

cutter

>

The path of the cutter
axis is shown in the
form of a line. Points
where infeed motions are
performed are marked by
a small circle.

Modes 8 to 15 are active
as usual. Programs and
tool compensation values
can be entered in the
same manner as in the
'machining' mode.
Workpiece 'machining’',
however, is performed on
the screen.

This feature provides a
fast and simple method
of checking and optimiz-
ing a part program.

Simulation of tool path

The path of the cutting
tool is shown as a solid

surface. The control
takes the tool radius
entered in the tool

compensation store into
account.

N

Simulation of workpiece
contour

Upon 'draining' of the
solid surface of the
cutter path, the screen
shows the workpiece con-
tour.

1448090000000 0 0 0 0 R D R R R B D N VRV DRV DVTRLT BNV RPN D 0
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Ereen graphics

IJI

R

{ \,—4—‘—

q
)

A
v

-

vy simulation scale can
selected in mode 16:
you simply specify to
m=t length on the actu-
I workpiece the screen
w1CTh should correspond.

o =
o

N et

I

In addition, you may se-
lect any location for
the zero point (based on
lower 1left corner of
screen) of the program
to be simulated on the
screen.

The cross wires can be
used to shift the screen
display over the work-
piece, while maintaining
the simulation scale.

The desired quadrant is
Then transferred to the
screen in original size.

With the aid of a window
you can select sections
of the screen display
for enlargement.

The window is then en-
larged to fill the en-
tire screen, which means
that the simulation
scale is altered.
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Screen graphics

Push button assignment in graphics mode

For obtaining the diffe-
rent screen functions in
the graphics mode, a
number of push buttons
on the control console
of the machine has been
given alternate func-
tions which are effec— & 2 g
tive in the_ graphics N
mode. For quick refer- D
ence you will find the

diagram below once again
on the rear cover of
this manual.

window/cross
) ///Enlarge Select Cross wires Window
W}ndOW/CPOSS ‘( window quadrant ON/OFF ON/OFF
wires to left / /_\
// 1 Window/cross Clear
Change screen ; : Transfer
dgsplay wires to right quadrant/window screen
IV ' 7 i S i} Oy
Reduce Window/cross Rapid rate Cutter axis Normal
window wires down indicator path/tool path graphics
ON/OFF

q
O

Contour
display
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Screen graphics

Operating the screen graphics

=or the following exam—
ples 1illustrating the v
operation of the control
in screen graphics mode
we have selected the 1

K

i {65
orogram shown on page ! i///?
§-42 of the CNC DIALOG 4 it ! .
Mznual. Enter this pro- NN A
gram in your CNC DIALOG : M 1 ;

control, so you will . lﬂg }. i
‘gn r y wi - (e} £=

ind it easier to follow H
zhe instructions.

~,

/

U B

e

NOOOL GOO Z+100000

NDOOZ TOl1

NOOO3 GO0 Z+2000 D+0O1 S+800

NDOOOQ4 Z-10000 D+01 F100 M70

NDOOS F250 M70

NOQOB G4Z D+S1 G47 A+S5S000 X+0 Y+0
GO0 GGO MG1

NOOQ0D7 GO3 X+435435S5 Y+20835 I+0
J+GB0O00Y

NOQO8 G033 X+21740 Y+45S025 1I-45435S5
J-2083S5

NOOQZ GOZ X+0 Y+355740 I+12G60
JEZ9979

0010 GOZ X-21740 Y+4S02S I-23000
J+192G60

NOOLl GO3 X-434535 Y+2083S5 [+21740
J-430ZS

NOOL1Z GO3 X+0 Y+O [+45455 J+391635

NOOL3 G40 G47 A+3000

NOOL14 GO Z+100000

NOO1S M30
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Screen graphics

Switching to screen graphics mode

The highlighted arez =

used to enter the coor

dinate axes of the plan

to be displayed on ==
Select mode 16. Press 'G' key. screen.

3

M | w

s1 Svs 3a1 O3
PO3 KETER aPs 3Jos o1
23703 mEgav 18 cnc 3Jo: qa [Iju

£ svs 303 o1
P03 NETER SPS 301 O 1
23703 AKeT 18 cuc 301 oo [IJv

Letter G appears on in- 'G' appears highlighted
put line. on screen.

Press address keys of
the desired axes, then
'Transfer' key.

. Functions obtainable in
graphics mode:

2

exv  cmarix L - programs can be se-
T lected (mode 13) and
e altered (mode 11);
v, Zadea - tool compensation val-
ues can be entered
s5s merem areaot gl (mode 10);

23705 RESY 318 CNC 303 OO m"

- programs can be 'ma-
chined' (modes 8 and
9). Screen display

The machine is now 1in shows machining opera-—
graphics mode. Drives tion in the plane se-
are disabled as soon as lected;

next mode change is en- - programs can be read
tered. in and out (mode 14).

AT RARARARRARAARARARARARARARARARARAARAAAATAAAAATGAAATATATAAAAA A
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Screen graphics

)

Seitching to machining mode

Press 'G' and 'Delete'
Select mode 16. keys. Press transfer key.

3 gl D

WX e320 000
LY <87 ee?

® -80 000
v -43 823

9 0
=20 800

svs 301 o1t 5 s¥s 3031 G1 P svs 301 01
WS _I035- 91 so1 mETER ses 301 O3 P01 mETER sss 301 of
1e cxc 301 oo [Qv 23703 REST 1e cnc 301 aa [ 23709 AgsY 18 cwc 3031 oo [IJv

Izne, dimensional and 'G appears highlighted The machine is now in
positioning data are on input line. 'machining' mode.
displayed on screen.

Drive motors are opera-
tive again as soon as
next mode change is en-
tered.
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Screen graphics

controlled operation

Simulation scale and position of image

Switch control to graph-

ics mode.

Simulation scale:

any GRaFix

S an svs 301 ©1
P01 wETER aPsS 303 O1

23763 mssY 1e cnc 301 oo (v

B

Plane, dimensional and
positioning data for
size and position of
image are displayed on
screen.

Regardless of whether
you enter the numerical
value for line 1 or 2,
the control will in each
case calculate the other
numerical value in ac-
cordance with the screen
format.

Line 1 refers to screen
width.

The letter indicates the
axis direction corres-
ponding to the trans-
verse direction on the
screen.

The number shown indi-
cates the actual 1length
on the workpiece corres-—

ponding to the screen

width.

Position of image:

Line 3 and 4 indicate
the location of the low-
er left corner point
(based on the current
program zero point).

Line 2 refers to screen
height.

The letter indicates the
axis direction corres-
ponding to the verti-
cal direction on the
screen.

The number shown indi-
cates the actual length
on the workpiece corres-

ponding to the screen

height.

. . e aaan e A SN . BN R . AR A . .
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Screen graphics

Selecting the simulation scale

Switch control to graph- Press 'L' and 'X' or 'Y"
ics mode. keys.

» L

Highlighted area is used
to enter length to be
simulated on screen.

v _eRariw 3
- oRarix

% +120 000
<87 so?

o . «0 000

= -eo0 ego

v =43 €22 =6 000

-0 0co

s svs 303 01
o1 WETER sPs 301 O1
a3703 *EIT 18 cNC 301 0O

eve 3031 O3

L1
P01 mETER ePs 301 01
23703 agev 1e cuc 301 oo Qv

2lane and dimensional 'L' and selected coor-
data are displayed on dinate appear high-
screen. lighted on input line.

Enter desired length of
image and press 'Trans-
fer' key.

B

The corresponding simu-
lation 1length in the
second axis is calcu-
lated by the control.

oxy CRAFIK

Ly ear s Example X/Y plane:
% eooes you enter LX, the con-
trol calculates LY.
" S Or else, you enter LY,
Teres agsr 18 cne 381 oo [ the control calculates
1. X

esired length of image
ppears on line 1.

N C)




7. Handling the control unit — Program controlled operation

Screen graphics

Entering/shifting the image

Switch control to graph-
ics mode.

svs 303 o3
sPs 301 0%
10 cuc 301 ao [[v

ro031 mETER
23703 mEIT

Plane, dimensional and
positioning data for
size and position of
image are displayed on
screen.

Enter new coordinate
(based on program zero)
and press 'Transfer'
key.

5 &

oxXY GRAFIK

uX +220 o000
LY 07 Se?

»x ~ec opo
¥ -20 ooo

G 1% svs 301 o1
PO3 RMETER sPs 303 o1
23709 REST

18 cwe 301 oo [[Qu

Desired coordinate ap—
pears on screen.

position

The position of the low-
er left corner point
(based on the current
program zero point) can
be shifted in both axis
directions.

Press address key of

is to be shifted.

Y

GxNyY GCRarFilx

A% 130 000
LY e0? 87

1 svs 303 O3
Po1 mETER sPs 303 ©O1
23703 mEeT 18 cuc 301 oo [Qw

Coordinate appears high-
lighted on screen.
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7. Handling the control unit — Program controlled operation

Screen graphics

Displaying the tool motions

Select program (in mode

(running the program)

If you want to run the

\ 4

13), then select suit- If you want to run the program without inter-
able simulation scale program block by block: ruption:
and image position (in
mode 16). Select mode 8. select mode 9.
o
| LX
Y

If you want to simulate
the tool path:

press 'Cutter axis path/
tool path' button.

Tool

indicator
pears from left edge of
screen.

disap-

Tool

If you want to simulate
the cutter axis path:

press 'Cutter axis path/
tool path' again.

indicator
at left edge of screen.

appears

If you want to display
rapid traverse motions:
press ON/OFF "
button.

'Rapid

Rapid rate indicator ap-
pears at left edge of
screen.




7. Handling the control

Screen graphics

unit — Program controlled operation

If you do not want to If you want to display

display rapid traverse currently machined pro-
motions: gram block on screen:
press 'Rapid ON/OFF' Press 'Cycle start' but- press 'Change screen

button again. ton (20). display' button.

> \ 4

Rapid rate indicator
disappears from left
edge of screen.

If you want to return to
graphics simulation:

press 'Change screen
display' button again.

Graphics simulation ap-

pears on screen.

>

Programmed cutter paths
are displayed on screen.

After 'machining', the
contour can be dis-
played:

press 'Display con—
tour' button.

Milled contour appears
as frame on screen.

>

€42 FS00 34300 1O
co3

Ne «=C= 23

: 8
.0

Screen display in effect
in  current operating
mode is shown on screen.

To clear screen display:

press 'Clear  screen'

button.

Screen is blank again.

R0 MNRRARANRNRARARARAADRAARADRAARARA DA AR AR AR RARARARARARARARAARRAAD



7. Handling the control unit — Program controlled operation

Screen graphics

shifting/enlarging the image (window)

is com—

'Window ON'

but-

>

Window is shown on
screen.

To reduce window size:
press 'Reduce window'
button.

The coordinates of the
lower left corner point
appears at lower left of
screen.

They are based on the
current program Zero
point.

The window may be shift-
ed up and down, to the
right and left, enlarged
or reduced in size.

This makes it possible
to accurately determine
the window section to be
simulated if the program
is run again.

To increase window size:

press
button.

'Enlarge window'

To shift window:

press direction button
(7) for the desired di-
rection.

\ 4

wWindow moves across
screen until button is
released.

Press 'Transfer quad-
rant/window' button.

>

Window continues  de-
creasing in size until
button is released.
Lower left corner point
xeeps its position.

Window continues in-
creasing in size until
button is released.
Lower left corner point
keeps its position.

> |

Screen is cleared.




7. Handling the control unit — Program controlled operation

Screen graphics

To rerun the program:

press 'Cycle start' but-

ton (20).

To return screen to
original display:

press 'Normal graph-
ics' button.

»

~O)=

Contents of window ap-
pear in full format on
screen.

Screen display returns
to normal; screen 1is
cleared.

3 040000020 2 2 R 0 A A A A R R e N L R I R R 0 0 0



7. Handling the control unit — Program controlled operation

Screen graphics

shifting the image (cross wires)

when 'machining' is com—
pleted:

press 'Cross wires ON/
OFF' button.

B

Cross wires appear on
screen.

To select quadrant:

press 'Select quad-
rant' button repeatedly
until desired quadrant
appears.

e YR neael
2331587

“eu.due

[ EE ]

Quadrant  selected is
shown at lower edge of
screen.

»

Coordinates of point of
intersection appear at
lower left of screen.
They are based on the
current program zero
point.

The cross wires can be
shifted up and down and
to the right and left,
and then one of the

quadrants can be en—
larged to full screen
format.

Press 'Transfer quad-—-

rant/window' button.

o

Screen is cleared.

To shift cross wires:

press direction button
(7) for the desired
direction.

\ 4

Cross wires move across
screen until button is
released.

Coordinates of the point
of intersection are dis-
played at lower left
edge of screen.

To rerun the program:

press 'Cycle start' but-
ton (20).

E

Contents of quadrant ap-
pear on screen in full
format. The scale re-
mains the same.




7. Handling the control unit — Program controlled operation

Screen graphics

To return to normal dis-—
play:

press 'Normal graph-
ics' button:

o

Screen display returns
to normal.

Set actual value (G54)

Displacements of the co-
ordinate system by means
of G54 during a program
run are not shown on the
screen in the graphics
mode.
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7. Handling the control unit — Program controlled operation

Measuring system

Switching the measuring system from metric to inch display

To switch to inch read- To switch to metric (mm)
out: * display:
Select mode 16. press 'I' key. press 'M' key.

_J M \ 4

BA 18

Active measuring system INCH is shown on input METER is shown on input
is shown in clear text line. line.
on screen.

Press 'Transfer' key.

The measuring system re-
mains activated when the
main disconnect switch

" z (master switch) is
Z -10.000 switched off.
0 If a metric program is
70 called in inch mode, the

control switches to met-
ric mode automatically.

METER or INCH moves to
top of screen; system
displayed is activated.



7. Handling the control unit — Program controlled operation

Interfaces

Interfaces

For interfacing external
equipment, for example
for the purpose of ex-
ternal data storage or
external program genera-—
tion, the control must
have a connector adapted
to the unit concerned.
Such a connector 1is
called interface.

Selecting an interface

Select mode 14.

S >

%5 1 HEIN OUT RS232

2.l .« IO JT
%5

On the CNC DIALOG 4, the
interface is selectable
on the control (on a
screen menu) for the ex-—
ternal unit to be used.

The control provides
three interfaces:

- RS 232 (v24),

- TTY (20 mA),

— cassette recorder
(Kansas City).

Use 'Cursor right/left'’
to move cursor to inter-
face shown.

%5 1 IN OuT HERS232

o[ oo« IO T Mg
°/n5

For RS 232 and TTY you
can set the 'configura-
tion', which means

- baud rate,

— number of data bits,

— number of stop bits,

- parity.

The configuration for
the cassette recorder
interface 1is standard-
ized.

Information on the in-
terface and configura-
tion you need for your
external unit will be
found in the operator's
manual for the external
unit concerned.

Press
key.

' Acknowledgment'

1 IN OUT RS232

- L B >

BARS232 TTY CASS

Baudrate 9600 300 300
Databits
Stopbits
Panty

Currently active inter-—
face is shown in upper
right of screen.

Menu for selecting the
configuration appears on
screen.
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7. Handling the control unit — Program controlled operation

nterfaces
;l
Set interface configura-
Jse 'Cursor right/left’ tion, if required, using
o move cursor to de- ‘Cursor up/down' to pro-— Use 'Cursor right/left'
sired type of interface. ceed from line to line. to set desired value.
= - V2 | JISIE \ 4

1 IN"OUT Rs232 1IN OUT RS232

1 IN OUT RS232

RS232 EATTY CASS

RS232 TTY CASS RS232

TTY  CASS

Baudrate 9600 | 1200 <[eld}
Databits 7 7
Stopbits 1 1

Parity even even

Baudrate 9600 300 300
Databits 7
Stopbits 1 1

Parity even even

Baudrate 9600 | 300 &[]
7

Databits
Stopbits
Parity

BA 14 BA 14

Cursor moves one line The interface configura-
down each time key is tion values are stan-
pressed. dardized, so you cannot
select any intermediate
values.
Upon selecting configu-—
ration values, use 'Cur-
sor up/down' to move to Press ' Acknowledgment'
desired interface. key.

Ay, —I* VY @ ¢ interface selected

remains activated when
the main disconnect
switch (master switch)
is switched off.

1 IN OUT RS232

RS232 [EETTY CASS

Baudrate 300 300
Databits
Stopbits
Parity

The new interface is now
active. Type and confi-
guration are shown at
bottom of screen.




7. Handling the control unit - Program controlled operation

Interfaces

Connecting external equipment

Having selected the cor-
rect interface, you can
connect your external
unit to one of the con-
nectors on the under-
side of the control con-
sole.

The 25-pin female con-
nector can be used for
interfaces RS 232 and
TTY and for DNC opera-
tion. To connect a cas-
sette recorder, use the
adjacent jack.
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7. Handling the control unit — Program controlled operation

Spindle speed indication

Setting the spindle speed indication

The spindle speed indi-
cation on your CNC DIA-
LOG 4 has to be set for
the machining operation

to be performed on your
FP-NC machine. *

The following
are obtainable:
S1 - speed range up to
3150 rpm;
2 — speed range up to
6300 rpm
(not on FP4 TC
and FP6/7 NC);

settings

@)]

S3 - for use of three-
spindle milling
head;

S4 - for other special

spindle heads.

Press 'Transfer' key.

The speed indication is
now correct for your ma-—
chining operation.

Select mode 16.

Press 'S' key and enter
number of desired range.

S

\ 4

Spindle speed range is
shown on screen.

Remember: if you forget
to set the spindle speed
indication for your ma-
chining operation, the
screen display will not
show the actual spindle
speed.

The speed setting re-
mains activated when the
'main disconnect switch
(master switch) is
switched off.




7. Handling the control unit — Program controlled operation

Software version

Checking the software version

The software for

constantly updated. For
our Technical Service
personnel, for inquiries
or in the event of any
problems encountered in
working with your con-
trol you should be able
to find the software
version of your machine.

The software version of
your machine will be
found in the first line,
opposite the word 'PACK-
AGE'. The table under-
neath informs our ser-
vice technicians of the
individual modules used
in your CNC DIALOG 4
control.

Select mode 16.

your’
CNC DIALOG 4 control is

Press '

INFO' key.

NF(

SOFTWARE-STAENDE

PACKAGE
NCR53
NPP 55
NPP 54
NRP 53
NZP 59
NZP 59
NZP 59
NZP 59
NPP 90
NPP 30
M

4 1.07
:144206-352.00
:144206-352.20
:44206-352.40
:44206-352.80
X :44206-352.10
Y :44206-352.10
Z :144206~352.10
c :44206-352.10
:44205-301.02
:44907-351.01

o000 O
-, . D NN

BA 16

To return to normal
display: press 'INFO'
key again.

NFO &

Screen returns to normal
display of the mode se-
lected.

Screen

shows a table.

\4
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