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Preface

The ditigital control systems SINUMERIK 810 D, 840d and 840Di are characterized by their large
"openness”, i.e. they can be configured by the machine manufacturer and partially also by the user
himself according to their own requirements. They can thus efficiently be used in many fields of
application both in the small-series production and in fully automatic manufacturing lines.

When creating this Manual, it has been the objective to provide the large range of users an easily
understandable access to these powerful control systems.

The control systems 810D, 840D und 840Di can be used to control many different machining
processes. This Manual deals with the two essential technologies turning and milling.

It has been created in cooperation with NC experts and lecturers. We would like to express our
special thanks to Mr. Markus Sartor for his valuable hints and criticism.

The Manual is practice-oriented and action-oriented. The keys and their use are explained step by
step. The comprehensive presentation of screenshots enables you to compare your own inputs at
the control system with the values and specifications given in this Manual.

This Manual can also be used as a preparation or assessment away from the control system with
the control-identical system SinuTrain on the PC.

The examples of this Manual were created using mainly Software Version 5.2.

Further developments of the software and the already described "openness" of the control system do
not exclude that the operation of your control system differs in certain details from the configuration
described. It might also happen that - in dependence on the position of the keyswitch on the
machine - not all described functions are available. In such cases you are kindly asked to refer to the
documents of the machine manufacturer or to company-internal documents.

We wish you much pleasure and success for the work with your SINUMERIK control system.

The authors

Erlangen/Wuppertal, in March 2001
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1 Fundamentals

This Chapter provides some general geometric and technological fundamentals for the programming of milling
and turning procedures for CNC beginners.

1.1 Geometric fundamentals of milling and turning

The geometric fundamentals presented here refer mainly to the graphical SINUMERIK contour calculator.
The screenshots used in this Manual are intended to support the theory.

To understand the theoretical examples provided by the control already in advance:
Operating area "Program" > Create new part program > Horizontal softkey (Contour) in the text editor
> vertical softkey (Generate contour) > ...

You will find a practical example presenting this contour calculator in the Chapter "Programming/Turning".

1.1.1 Tool axes and working planes

& ol ol 5

& & MILLING & &

On universal milling machines the tool is installed in most cases parallel to the main axes. These axes right-
angled to each other are aligned according to DIN 66217 or ISO 841 to the main guideways of the machine.
The appropriate working plane results from the mounting position of the tool.

The Z axis is mostly the tool axis for milling.

Tool axis Z - working plane G17

Start point

Plane selection:

Programming plane: Gﬂ.&‘
Xabs

Start point:

Y

/ X abs
i Y abs
7
Yans
Approach start point:
GO +
X

Free text input:

If the shown coordinate system is turned correspondingly, the axes and their directions in the associated working
plane will change (DIN 66217).




Tool axis Y - plane G18

Start peint
z {
Plane selection: +Y
X oo Programming pIane:G18 i 8
/ Start point: 7 J//
/ X abs W +X
. z abs
.. *Z Note: It may happen with the software
pprodth sl ot release of your control system that Z is
x before X in plane G18 due to reasons
| Freetextinput of compatibility. This also refers to

turning (see below).

Tool axis X - plane G19

Start point

z
Plane selection:

Programming plane:G1 9

Start peint:

/ | Y abs
. Lz

abs

Approach start point:
Go

Free text input:

TURNING

On universal turning machines the tool is installed in most cases parallel to the main axes. These axes right-
angledto each other are aligned according to DIN 66217 or ISO 841 towards the main guideways of the machine.
The Z axis is mostly the workpiece axis for turning.

Rotating axis Z - plane G18 *

Since it is relatively easy to control the diameter of turned workpieces, the dimensions of the transverse axis
always refer to the diameter. Thus, the worker can compare the actual dimension directly with the drawing
dimensions.

Start point et

x Pane soloctic] Use the @ key to call approriate help screens to select the
Programming plane:G18 tool aX'S.
Spec. for facing axis:
Zape Diameter (DIAMON)
ST x samor ax  The radius dimension
2 Sta ot e shown here also existsin
X z abs the help screenform, but
Aoproach st pi it "hardly never occurs".
‘ Free text input:

* All turning operations are programmed in plane G18.
Drilling and milling operations at the end face of the turned part are programmed in plane G17.
Drilling and milling operations at the peripheral surface of the turned part are programmed in plane G19.
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To enable a CNC control system, such as the SINUMERIK 840D, to orient itself in the existing working area,
there are some important reference points.

R

] .
hmz—4*7 -
_]4‘ S I M i

Machine zero M

The machine zero M is defined by the manufacturer and cannot be changed. When milling, it is in

the origin of the machine coordinate system, and when turning, on the contact surface of the spindle
nose.

&

Workpiece zero W

The workpiece zero W, also referred to as the program zero, is the origin of the workpiece coordinate
system. It can also be freely selected and when milling, it should also be located at a position in the
drawing from which most of the dimensions are measured.

When turning, the workpiece zero is always located on the rotary axis and mostly on the plane surface

©

Reference point R

The reference point R is approached when setting the measuring system, since in most cases the
machine zero cannot be approached. The control system will thus find its reference point in the
position measuring system.

S

Toolholder reference point T

The toolholder reference point T is important for setting up with default tools. The lengths L and Q
shown in the diagram below are used as tool calculation values and are entered in the tool memory
of the control system.

S

0000
AT

WA )




1.1.2 Absolute and incremental dimensions (milling)

Absolute inputs:
The entered values refer to the
workpiece zero.

Straight line, any

X 20.0000[Fjabs\* [J]
Y 50.0000 \abs

Alter-

By using the softkey e |
you can switch over at any time.

+Y End point
50
Current position
&
W\J 20 X

*G90 Absolute dimensions

For absolute inputs, the absolute coordinate values
of the end point in the active coordinate system must
always be entered (the current position is not taken

into account).

Incremental inputs:
The entered values refer to the
current position.

Straight line, any
X -10.0000] /| R
Y 40.0000

+Y End point

(+)40

-10, Current position
+X

w®

*G91 Incremental dimensions

Two examples of the combination absolute/incremental:

For incremental inputs, the difference values
between the current position and the end point must
always be entered taking into account the direction.

+Y +Y
30 40 10
@)
154X
5 /(Q
N +X
15 50
fe: 30

Straight line, any

X 15.0000

abs

Y -25.0000[E:Jinc Y

X

Straight line, any

30.0000

inc

-5.0000[ Z:]abs




1.1.3 Cartesian and polar dimensions (milling)

To define the end point of a straight line, two pieces of data are required, e.g.:

Cartesian: Input of the coordinates X and Y Polar: Input of the length and of an angle
-Straight line, any ———— r Straight line, any
) All hidden values are ) Note-
X meepie | cllulaedand X 200000 e
d [] abs . . abs

Y 40.0000  inc dlsplaﬁig”automa Y 40.0000 inc

Y 50.0000 abs Y- Y 50,0000 abs +53.13

L 50.0000 L  50.0000[Z] o

ol 531300 ° ol 531300 °

o2 39.0840 ° o2 39.0940 °© = X

+Y +Y
50
S
53,13°
39,094° \
10 — 10 —
@) Jza
N +X N +X
10 40 10
Angle 53.13° = starting angle to positive X axis
or

angle 39.094° = angle to previous element

Cartesian and polar inputs can be combined, e.g.:

Input of the end point in Y and of length Input of the end point in X and of an angle
+Y Straight line, any +Y Straight line, any
50 X 300000 inc X 30.0000 inc
X 40.0000 abs X 40.0000 abs
Y 40.0000 inc A 40.0000 inc
Y 50,0000 abs Y 50,0000 abs
L 50,0000 F] 53.13° L 50.0000
) . . A
1% al 53.1301 . al 53.1300(%]
a2 39.0940 ° 39’094 a2 39.0040 °
10 — 10 —=
D
D)
10 10 40
Y Y
The context-related help screens can be called during the input; they y
. . . . - Ymc
display the names of the individual input boxes. g "
Yas
XKa:
X X




1.1.4 Circular movements (milling)

According to DIN, the end point of the arc (coordinates X and Y in the G17 plane) and the center point (I and
J in the G17 plane) have to be indicated for arcs.

The SINUMERIK contour calculator also allows you in case of circular arcs to accept any dimension from the
drawing without much conversion.

In the following you will find an example with two - at first only partially determined - arcs.

Input of the center point (absolute):

Circulararc
R (4
X abs
Y abs
| 30.0000 abs
J a4 [Fabs
After input:

Circular arc

R 20.0000 3
X abs
Y abs
1 30.0000 abs
J 40.0000 abs

70

40

10

+Y /%\
E v
AA o
0 —s R\
% +X
l 70 30 90 105

'}
abs
abs
abs
abs

abs
abs
abs

rCirculararc—————
R
X 105.0000
Y 70.0000
| 90.0000
J 70
After input:
Circulararc
R 15.0000
X 105.0000
Y 70.0000
1 90.0000
J 70.0000

abs

The following values result if you have entered all known dimensions, and if you have pressed the softkey
anpara- | in the input window of the respective arc.
meters

R
X
X
Y
Y
|
|
J
J

ol
o2
Bl
B2

10

r Circular arc

20.0000
12.4140
22.4140
18.5050
58.5050
20.0000
30.0000

0.0000
40.0000
90.0000

0.0000
22.2910
67.7090

inc
abs
inc
abs
inc
abs
inc
abs
.

+Y A
J=-13,879
M
70 : E
E /
I=+45,690
A
10
0 &
¥ +X
0 10 30 Q0 105

The inputs of the arcs in the text editor would be:

G2 X22.414 Y58.505 120 JO

G2 X105 Y70 I=AC(90) J=AC(70)

R
X
X
Y
Y
|
|
J
J

ol
o2
Bl
B2

- Circular arc

15.0000
20.6900
105.0000
-13.8790
70.0000
5.6900
90.0000
-13.8790
70.0000
22.2910
0.0000
270.0000
112.2910

inc
abs
inc
abs
inc
abs
inc
abs
.




1.1.5 Absolute and incremental dimensions (turning)

Absolute input: Incremental input:
The entered values refer to the The entered values refer to the
workpiece zero point. current position.

Alter-

Using the softkey  nave |,YOU | Straight line, any

can switch over at any time.
X 50.0000 X X 40.0000 *
z -20.0000[ ]2 z -5.0000[ Z}]

Straight line, any

End point +X End point +X
Q 50 ) 50
& Attention: i 2
In contrast to DIN 66025 the diameter
related I-values are entered and (+)240
Current '(ljisplayed‘\'/vhen having the valid setting
pdition DIAMON",
@10
-5 | Current
M) @)
S +7 position @P +7
220 !
*G90: Absolute dimensions *G91: Incremental dimensions

For absolute inputs, the absolute coordinate values For incremental inputs, the difference values
of the end point in the active coordinate system must between the current position and the end point

always be entered (the current position is not taken  must always be entered taking into account the
into account). direction.

Two examples of the combination absolute/incremental:

+X +X
@60 @60
@10 @10
Jzan\} (\
N4 +7 i +7
-50 -15 -40 -10

Straight line, any Straight line, any

X 10.0000[Z]abs []] X 50.0000 inc
z -35.0000 inc z -40.0000[ :abs

11




1.1.6 Cartesian and polar dimensions (turning)

To define the end point of a straight line, two pieces of data are required. This data can be as follows:

Cartesian: Input of the coordinates X and Z

Polar: Input of the length and of an angle

- Straight line,any — ~Straight line, any Note:
X 20.0000  ine All hidden values are X 80.0000  inc .
- EErTom calculated and displayed X~ 100.0000  abs +126.87
- - mnc . - - nc
z -40.0000  abs automatically. z -40.0000  abs o
L 50.0000 L 50.0000 >
al 126.8700 ° al 1268700 ° = F
24 320.9060 °© & 320.9060 - ©
+X
End point +X End point
@100
126,87°
D
-39,094°
—_ @20
@ @ 220
N4 +7 N +7
-40 -10 10
Angle 126.87° = starting angle to positive Z axis

or
angle -39.094° = angle to previous element
(39.094° = 360° - 320.906°)

Cartesian and polar inputs can be combined, e.g.:

Input of the end point in X and of the length Input of the end point in X and of an angle

Straight line. any +X Straight line, any
+X X 80.0000 inc X 80.0000 inc
X 100.0000 abs X 100.0000  abs
@] 00 r4 -30.0000 inc z -80.0000 inc
z -40.0000 abs z -40.0000 abs
L 50.0000 ] 26,870 L 50.0000
al 1268700 al 126.8700
a2 320.9060 o2 320.9060
-39.094°
~ @20 ~ I ¢
@) @ 220
N +Z
10 40 10
The context-related help screens can be called during the input; they /
display the names of the individual input boxes. v 1
Zas

12




1.1.7 Circular movements (turning)

According to DIN, the end point of the arc (coordinates X and Z in the G18 plane) and the center point
(Iand K in the G18 plane) have to be specified for arcs.

The SINUMERIK contour computer also allows you in case of arcs to accept any dimension from the drawing
without much conversion.

In the following you will find an example with two - at first only partially determined - circular arcs.

Input of arc R10:

rCirculararc————— - Circular arc
R 10.0000 (Y R £
X 50.0000  abs X 30.0000 abs
zZ -35 [Z]abs z abs
I abs Eyr—O (@50) I 0.0000  abs
K abs < K -20 [Z]abs

E
@60 > @30
. ) O . .
After input: S +X After input:
4 . . . . . @_} ;@O

rCirculararc ——— M AT +7 r Circular arc
R 10.0000 (g -35 0 R 20.0000 Iyl
X 50.0000 abs X 30.0000 abs
z -35.0000 abs z -6.7710  abs
| 50.0000  abs | 0.0000 abs
K -25.0000  abs K -20.0000  abs

The following values result if you have entered all known dimensions, and if you have pressed the softkey
alpara- | in the input window of the respective arc.
meters

-Circulararc———————————— Circular arc
R 10.0000 [ R 20.0000 0N
X 20.0000 . e E (@50) | x 30.0000  ing
X £0.0000,-) SN X 30.0000 abs
z -10.0000  inc ; :
z -35.0000 abs 2360 @30 Z 877107 B8
I 20.0000  inc z 67710 B8
I 50.0000 abs I 0.0000 inc
K 0.0000 inc | 0.0000 abs
K -25.0000 abs K -20.0000  ine
al  180.0000 ° - 420 K 200000 abs
a2 0.0000 ° al 90.0000 °
pL 50.0000 3 p1 1385900 °
B2 90.0000 . = -35 - 185000 |
The inputs of the arcs in the text editor would be:
G2 X50 Z-35 CR=10 G3 X30 Z-6.771 10 K-20

13




1.2 Technical fundamentals of milling and turning

1.2.1 Cutting rate and speeds (milling)

The optimum speed of a tool in each individual case depends on the cutting tool material grade, the material
of the workpiece and the tool diameter. In the practice, this speed is also often entered immediately without any
calculations, based on many years of experience. The better way, however, is to calculate the speed from the
cutting rate specified in the appropriate tables.

Determination of the cutting rate:

First, determine the optimum cutting rate on the basis of the manufacturer catalogs or a table book.

Cutting tool material grade: Workpiece material:
Hard metal C45

HM&’;JNG

’ S — o,

Ve = 80 ... 150 m/min:
The mean value v, = 115 m/min should be selected.

Calculating the speed:

Use this cutting rate and the known tool diameter to calculate the speed n.

v, - 1000
n=-—w-——
d-n
The example below shows how to calculate the speed for two tools:
d; = 63mm d, = 40mm

N, = 115mm - 1000
1 63mm - - min

115mm - 1000
40mm - - min

n2=

1
min

1 (in the workshop also often referred to

ny ~580 min asrp.m.)

no ~ 900
The NC coding uses the acronym "s" for the speed.

In this case, the inputs will be S580 and S900.

With these speeds, the cutting rate of 115 m/min is achieved.

14
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1.2.2 Feedrate per tooth and feedrate (milling)

On the previous page, you have learned how to determine the cutting rate and how to calculate speeds.
To make sure that the tool cuts, a tool feedrate must be assigned to this cutting rate or speed.

The basic value of the feedrate is the characteristic quantity "feed per tooth".

Determining the feed per tooth:

Like the cutting rate, the value for the feed per tooth is also determined using either the table book or the
appropriate documents of the tool manufacturer.

Cutting tool material grade: Workpiece material:

Hard metal \ C45

Feed per tooth f, = 0.1 ... 0.2 mm:

The mean value f, = 0.15 mm should be selected.

Determining the feedrate:

The feedrate vy is calculated using the feed per tooth, the number of teeth and the known speed.

vi=f,-z-n

The example below shows how to calculate the feedrate for two tools with a different number of teeth:

d; =63mm, z; =4 d, =63mm, z, =9
Vi, = 0,15mm - 4 - 580 —— Vi, = 0,15mm -9 - 580 —
1 min 2 min
_ 34gMM _ 7ggMmm

The NC coding uses the acronym "F" for the feedrate.
In this case, the inputs will be rounded off F340 and F780.

With these feedrates, the feed per tooth of 0.15 mm is achieved.

15




1.2.3 Cutting rate and speeds (turning)

Unlike milling, turning generally calls for the desired cutting rate to be programmed directly, namely when
roughing, finishing and plunge-cutting.

Only when drilling, and (in most cases) when thread cutting, is the desired speed programmed.
Determining the cutting rate:
First, determine the optimum cutting rate on the basis of the manufacturer catalog or a table book.

Cutting tool material grade: Vworkplece material:
Hard metal Free-cutting steel

Ve = 180 m/min:
Constant cutting rate vc (G96) when roughing, finishing and plunge-cutting:

To make sure that the selected cutting rate is observed on each workpiece
diameter, the appropriate speed is adapted by the control system using the
command G96 = constant cutting rate. This is carried out using either d.c.
motors or variable-frequency three-phase motors.

With reduced diameter, the speed theoretically increases infinitely. To avoid
hazards from excessive radial forces, a speed limit, e.g. of 3,000 r.p.m. must
be programmed.

In this case, the inputs will be G96 S180 LIMS=3000.

Constant speed n (G97) when drilling and thread cutting:

Since the speed is constant when drilling,
VC - 1000 the command G97 = constant speed must
n=-—mw—— be used here.

d-n

1 _ The speed is dependent on the desired
d = 20mm (tool diameter) cutting rate (120 m/min is selected in this

case) and the tool diameter.

— 120mm - 1000 ) . )
20mm-=-min In this case, the inputs will be G97 S1900.
n ~ 1900 —
min

16
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1.2.4 Feed (turning)

On the previous page, you have learned how to determine the cutting rate and how to calculate speeds.

To make sure that the tool cuts, a tool feedrate must be assigned to this cutting rate or speed. The basic value
of the feedrate is the characteristic quantity "feed per tooth".

Determining the feed:

Like the cutting rate, the value for the feed is also determined using either the table book or the appropriate
documents of the tool manufacturer or else is based on empirical knowledge.

Cutting tool material grade: Workpiece material:

Hard metal \ / Free-cutting steel

Feed f=0.2...0.4 mm:
The mean value f = 0.3 mm should be selected (in the workshop often referred to as mm per rev.).

In this case, the input will be F0.3.
Interrelation between feed and feedrate:
The constant feed f and the appropriate speed results in the feedrate vy.

- _m = m
Ve = 180 v =fon Ve = 180
d2 = 80mm d1 = 20mm
n2z710$ n nlzzsoo#
Vf, = 710i'0 3mm Vf, = ZSOOA'O 3mm
fa min dQ f1 min

mm - mm

Vf2~210m J dI] Vfl = 840min

Since the speed is different, the feedrate on the
different diameters is also different (despite the
same programmed feed).

17




In this manual for beginners the general term "operation” is used for all operating sequences which take place
inthe directinteraction between user and machine. After a fundamental introduction in Section 2.1, the second
subsection deals with setting up tools and workpieces. The third and fourth subsections deal mainly with the
production, i. e. the execution of NC programs.

The control systems 810D/840D/840Di are based on an open control concept which allows the machine
manufacturers (and partially also you as the user) to configure the control system according to individual
requirements. That's why it is possible that there will be differences in the manual as regards the sequences
of action. Please, follow the instructions of the machine manufacturer if necessary, and carefully check your
inputs before you start the machine.

2.1 Overview of the control system

In this section, you will learn something about
structure and handling of the control system
components "keyboard" and "display".

Pictures:
» OP 010C operator panel front with
TFT color screen, softkey bars (horizontal und
vertical) and mechanical CNC full keypad with 65
keys.

These components are used mainly for the
programming and processing of data.

* Machine control panel with
override potentiometers

This control panelinfluences the machine movements
directly.

To a certain degree, it can also be configured by the
machine manufacturer according to the customer’s
requirements.

For further operating components for the control system and training keyboards for SinuTrain,
please refer to the catalog NC60 "Automation systems for machine tools"
(SIEMENS order no. E86060-K4460-A101-A8-7600).

18




2.1.1 Turning on, area switchover, turning off

~}

Depending on whether you train yourself directly on the machine or whether you use the control-identical
Sinumerik training system on the PC, you have to start your work in a different way.

Turning on

you are working on the If ...

machine:

Then, of course, first you will
have to look for the main switch

located either on the side of the Start SinuTrain

machine or on the control
cubicle.

Machine |CHAN1

Program aboried.

0.000 1000

After turning on, the control
system is in the "Machine"
operating area, and the "Ref"
function (reference point
approach) is selected.

The way how to approach the
reference pointdepends on the
machine type and the machine
manufacturer and can
therefore not be be discussed
here in detail.

you are working on the Windows PC:

Then you will start the software
via the icon on the desktop or via
the entry in the start menu
(Start > Programs > SinuTrain ...
> SinuTrain START).

Then you can choose between
the two technologies (milling/
turning) and the kind of tool
management (see Sections
2.2.1and 2.2.2).

(With Software Version 6 and
higher, machines can also be
configured according to the
customer’s requirements).

N I

After having started the
software, the "Machine"
operating area is active and the
"Auto" mode is selected.

A reference point approach will not be
simulated on the PC.

The "JOG" mode for direct selection of
traversing axes is not functional on the
PC.
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Keys/inputs

Parameter

- Program

20

Area switchover

Screen / drawing

Description

By using the <Area switchover key> (- on the slimline operator panel or [F1] on the PC
keyboard), you can - independent of the operating situation you are currently in - unhide
the main menu with the six opreating areas of the control system.

Machine

840D_Mill | Auto
[Z| channel reset

IMPFO
Program aborted

Master spindle  S1

Work  Position

x 0000 mm 0.000 il 0.000 rpm

0000 mm 0.000 Set 0.000 rpm
z 0000 mm 0.000 Pos. 0deg.
A 0000 deg 0.000 100.0%

0.000

Feedrate [mm/min]
0,000 1000 % |

Tool
v

Preselected tool:

Go1

Machine Program | Services

Example: Machining center with three linear axes
(X,Y, Z) and 2 rotary axes (A, C)

Diagnosis | Start-up

Parameter |840D__Turn | Auto |MPFO

|Program aborted

Z channel reset

Tool/basic
data
Toolladd.~
data

Magazine list:

ol Toolisize
LN Tool ident DNTTy EP Length 1 Length ZRadius S F | status
RT 1500 3 80043 54.150. 0800 [ o
_2RT2 1500 3 72110 49.200 0.800 [ [}
g 1510 3 74290 56.100 0.400 [ [}
.~ AFT2 510 351 49.200 .400
.~ 5THREAD 540 70.000/ 35.000 .060
. BGT.3 520 93.100. 42.000 .100
7TDS 200 94.256  0.000 500
| 8sD16 205 0 120432 0.000 8.000
9EM10 1120 0 76361 0000 5.000 [ of |f
10
1
12
13
14
15

Magazine R wo
list variables offset data + compens..

Example: Magazine list on a turning machine with
tool management

Program  (840D__Mill | Auto |MPFD
|Program aborted

Z Channel reset

Program overview
Name | Type |Loaded | _Length| Date| Enable
WPD. 25/0812008 X

(=] BA_11

(=) CHASSIS WPD 25/08/2003
(] FLANGE WPD 25/08/2003
] IM_32 WPD 28/08/2003 X
= INJECTION_MOLD WPD 26/08/2003 X
) ISLAND_MILLING WPD 25/08/2003
(m} LEVIER WPD 25/08/2003
] LG_31 WPD 26/08/2003 X
(=) LONGITUDINAL_GUIDE ~ WPD 26/08/2003 X
(=) MSPLINE_BC WPD 25/08/2003
[m} PALANCA_EN33196 WPD 25/08/2003
(=) PIASTRA_U154 WPD 25/08/2003
(=) RSP2003 WPD 25/08/2003
[m} TEST WPD 25/08/2003 X
] TRANSFORM WPD 25/08/2003

Free memory: 826.785.792 NCU: 1.662.216

Hard disk :

Press the Input key to open a program with the text editor

The main menu is displayed in the
active Machine operating area. The
softkey of the active operating area is
selected.

In this operating area, you will control
the machine directly. Here you can
traverse manually, scratch, or run NC
programs.

Change with the softkey to the
Parameter operating area.

This can be done on the slimline
operator panel via the appropriate
softkey. On the PC, you can click the
softkey with the mouse or call the
operating area panel with [Fz| .

The Parameters operating area is
intended, e.g. to manage your tools
and the table of zero offsets.

Active operating area 'Program
(called via softkey, via mouse or [rs)).

In this operating area, you write and
simulate NC programs.

The Chapters 3 (milling) and 4 (turning)
explain this in detail.




Keys/inputs

. Services

. Diagnosis

. Start-up

(8|

¢..)

Screen / drawing Description

Active operating area Services

Services |smn_Mi|| | Auto |
2 channel reset

In this operating area, you can manage
files and read them in and out via the

Programs/data: TARGET

IName LYty e . . .
o Achve DR 25082008 X serial interface or a floppy disk.
(] Interactive-programming  DIR 28/08/2003 X
(] Manufacturer-cycles DIR 23/08/2003 X
(] Part-programs DIR b3 04/08/2003
(] Subprograms DIR b3 04/08/2003
(] User-cycles DIR X 04/08/2003 X
() Workpieces DIR 26/08/2003 X

Free memory: Hard disk : 826.769.408 NCU: 1.662.216

RS232C, disklcard, archive -> Control

Interface.

Active operating area Diagnosis

Diagnosis [840D__Mill I Auto |

MPFO
W Channel reset Program aborted

Delete Text

Service
displays

Active Coperating area Start-up

Start-up |eum_Tum I Auto
Z Channel reset

|MPFO

As the name already tells, this
operating area is intended for system

] e o e engineerg in order to adapt NC data to
el Linear e ! the machine.
v o , M= It is hardly of any importance in the
S daily use and will therefore not be

discussed in detail in this Manual.

Current access level: Service

Machine
data

Example: Turning machine with two spindles

Depending on the configuration of your system, the
7th or 8th softkeys of the main menu can also be
labeled; you can use them to call other applications
(e.g. AutoTurn).

Start-up Custom
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Program

1"i®

Parameter

@D

By pressing the <Area switchover key> (-) repeatedly, you are able to go back and
forth between the two operating areas last active what is quite useful, e.g. when
programming to see the tool data in parallel.

Just try it with both operating areas "Program” and "Parameters".

The "etc. arrow" down on the right
indicates that there are other functions

Start-up : or applications.
| oo, | e, | owen | | | awe | = | By pressingthe key.on the slimline

operator panel or [=__J+[Fs] on the PC *,
you can extend the menu, and the
softkeys are reassigned - differently
according to the configuration -

hold down * , then

I =N N S N (N N
actions

[T povameter [ rogram | sonces [ otagness | s | [ |  Pressing the key once again brings you
back to the main menu of the operating
areas.

Turning off

you work on the machine: If ... you work with SinuTrain on the PC:

Please, observe the (-) On the extended main menu bar, you

instructions of the machine will find a softkey to exit SinuTrain!

manufacturer! Bl ( PC keyboard: Fo] > o] > [Fe])

Trip the main switch to Bt When quitting the software, all user

disconnect the system from the data are automatically stored for the

mains. next session.

(Alternatives: . see page 26.)

2.1.2 Keyboard and screen layout

During your first contacts with the user interfaces of the control systems, you have already learnt something
about the key <Area switchover> (.), the <etc.> key (.) and the horizontal softkeys of the main menu. In
the following, further important keys are introduced to you (using the example of the SinuTrain training
keyboard "QWERTY" and the control system screen.
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All keys of the and of
R the CNC keyboard are integrated in the shown
training keyboard, and in addition, you will also
find here the most important keys of the
i machine control panel, which are also used on

T T il terc
z x|elv]e|[n|m]«|0]: 172 ['s —
i [ = Elled i ? All functions required for working with SinuTrain
_ HOE J. - .f can be operated directly or via key combinations
Ik 1 2> t : = with a normal PC keyboard. They are listed in
G| LT oo | ¥ (52 e | ] o | ]
- the following table. 2
L
2(2/% AN T HAEEN B
2 B 1
7 Ed
Slimline operator panel
Key PC keys Description
m By using the horizontal softkeys (numbered from the left to the right), you

change between the operating areas. Within one operating area, you get
into further menu areas and functions which can be called via the vertical
softkeys.

]
B

By using the vertical softkeys (numbered from the top to the bottom), you
activate functions or branch to further subfunctions which are called via
the vertical softkey bar.

.
@

@ By using the <Area switchover> key, the main menu with the operating
areas is displayed.

-
B

By using the <etc.> key, you extend the horizontal softkey bar.

i |+[@] * By using <Machine area key>, you can go directly to the operating area
"Machine",

@ The <Recall> key closes the window on top and lets you return to the
higher-level menu. This function is always available if the key symbol
above the first horizontal softkey is displayed.

Hold down *[s_|, then press the appropriate <F> key.
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Keys PC keys
& * (
7 8 9
$ %
4 5 6
! @ #
1 2 3
- )
= 0
; =
/|l =]+
-
Q| wW E U | (o)
A S D J K
{
z X © M *
= -
— |CTRL | ALT P
TAB

INPUT

Practical
example:

24

Description

The numeric keygroup is used to enter digits and basic arithmetic
operations.

In.combination with the <Shift> key (see below), you can enter special
characters (?, & ...).

By using the "QWERTY" keyboard, you enter, e.g. names of part
programs and naturally also NC commands.

(The name "QWERTY" arises from the arrangement of the keys.
The so-called "DIN" keyboard with alphabetic allocation is often installed
at turning machines; the function is identical.)

<Space key> to produce space characters

By pressing the<Shift> key, you can call the upper characters on double-
assigned keys and write capital letters (see above).

By using the <Input> key, you can accept an edited value, open a list or
a file or select the end of a program line in the editor and go with the
cursor to the next, new line.

You want to enter the following NC block in the control system: G0 X40 Z-3.5

Gon According to the configuration of your control
system ...
GO 1
« ... only capital letters (also without <Shift>
G X4e )
key) are written.
GO X40 |

GO X490 2-3.5 * ...the <Shift> key can - un.llke the PC - already
be released before pressing the letter key.

GB X480 2-3.51

q Each NC block is accepted by pressing <Input>.

The use of capital letters and the clear structure of the inputs by space
characters is common and advisable. But the control system also
"understands" this input: g0x40z-3. 5

This key acknowledges and clears the alarm selected by this symbol.




PAGE. PAG
e

END

DEL

Practical
example:
A

oo

3

)/

A » >
lDEL J13

)/

The display of the "i" symbol in the dialog line shows that you can call
further explanations on the current operating status by using this
information key. The "online help", for instance, is especially useful for
certain NC commands. (see page 76).

If several windows are displayed on the screen, only one of them has got
the focus; you can see this by the window frame having a different color.
With the help of this key you can go from one window to the next
(alternative: mouse click into the window). Key inputs always refer only
to the window with focus!

The keys <Page Up> und <Page Down> are used to move the scrollbar
of a window, allowing you to scroll, e.g. through long part programs.

By pressing this key, you move the cursor to the end of the line.

You can move the cursor with the four <arrow keys> .
By pressing the <selection key> or the <toggle key> (& or [ Jon the

numeric keygroup with "NUM LOCK" switched off), yoiJ 'activate or
deactivate afield or selectin input fields (if you can see the toggle symbol)

one of various options (alternative: mouse click).
By pressing the <Delete> key, you delete the selected character or the
value of an input field.

You delete the character left of the cursor with the <Delete key>
(<Backspace>).

You have entered the NC block GL X0 FO. 2 and completed with <Input>. Now you
want to change the feedrate to 0.3. This can be done using various possibilities:

51 X0 Fo.21 1st possibility:

G1 X0 Fo.2n Since the last character has to be replaced here,

Gl %0 FO.4 it is useful to go directly to the end of the line with
: <END> and to delete the 2 (the character left of

Gl X0 F9.31 the cursor) with <Backspace>.

Gl X0 F9.31

1

G1 X0 Fo.R1 2nd possibility:

G1 X0 FP.31 Alternatively, you can move the cursor to the right

character by character, and if the cursor is on
Gl X0 Fo.31 the 2, you can delete it with <DEL>.
1
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Practical
example:

‘DP

%

5

%
INPUT

(v In the input fields, you can use the <Edit> or <Undo> key to switch over
to the editing mode (see practical example).

If you want to undo an erroneous entry in the editing mode, then press
L@J again. The overwritten entry will be recovered.

You want to change the value -82.47 to -82.475 in the input field without entering the
whole digit once again. The value to be changed is selected (—82.47d ).

|—82.470 Enable editing mode.
82 470 Position cursor.
-82.475| Add digit 5.
Accept changed value (the orange selection changes
-82.475 to the next input field.)

Key

7

RESET

=]
SINGLE
BLOCK

3) (@ | ¥R

AUTO | MDA Jog

EXIT ‘

26

PC key Description

[culJ+[ at ¢ The key <NC Start> is intended mainly to start the execution of programs.

w0

cl |+' Al [+ By pressing the key <NC Stop>, you stop the execution of the current
@_,_ program. Then you can continue the execution of the current program in
the current block by pressing <NC Start>.

*

*

+ Alt |+ By pressing the <Reset> key, yo_ugnterrupt the program execution,
Dﬂ— +@ messages are cleared (see also | &), and the control system is reset to
its initial state (ready for a new program execution).

*

@F Alt |+ The key <Single block> allows you to execute a program block by block.
@ +@ The program execution stops automatically after each block and can be

continued with <NC Start>. Pressing <Single block> again lets you return
to the following block.

o J_an +[x_[s)6)1] * Each of these buttons activates the operating

mode of the same name: AUTO, MDA, JOG.
(in SinuTrain-Standard, only AUTO is
operational).

o J+[an 2 |+[o)[-}f0] * Use these buttons to switch the spindle on and off

(not operational in SinuTrain-Standard).

*

(ot |+ Alt |+ The <EXIT> button is only available on the training keyboard. This stops
@4. » and exits from the software program (softkey alternative available).

* Always press the keys one after the other as shown here and then hold them down!




Screen layout

8 Channel status messages (e.g. "Stop:
EMERGENCY STOP active" or "Wait: Dwell time
active")

G fet.+
transf.
Auxiliary
P
Pasiion o T

x 0.000 @mm 0.000 ) Aot ; 9 Channel status display (e.g. ROV: The over-
z 0.000 mm 0.000 Set 0.000 rpm
c 0000 deg 0000 | Pos. 0 deg. ride for the feedrate is also effective for the
wz 0.000 deg 0.000 UL . . .
Powsr rapid traverse feed, SBL1: single block with stop
T ey Fosdrate [mmimin] after each machine function block.
M30 Act. 0.000 100.0 %

Set 0.000
Tool k'@
L aty

Preselected tool:
>

10 If the symbol |I| is displayed, additional
help features can be called (see ﬂ key on the
CNC full keyboard).

Program
levels

Program
control

Program

weview | 11 In the middle area of the screen, there are
operating windows, according to the operating
area (e.g. program editor) and/or - as in this case
- NC displays (position, feedrate, ...).

Handwheel

program

1 The current operating area (machine, parameter... is
shown here).

2 Channel status (reset, interrupted, active) 12 Only one operating window has got the fo-
3 Program status (interrupted, running, stopped) cus. It is marked by a different color. In this win-
dow, inputs are possibly active (see also H key).
4  Channel name (in SinuTrain, the selected technol-

ogy is displayed here, e.g. 'SinuTrain_Mill) 13 Here you will find instructions for the opera-

tor (if any).
5 Alarm and messages are displayed in this field, to-
gether with a number under which further explanations
can be read in the documentation.

14 The Recall symbol |i| indicates that you are
in a submenu and that can you quit it by pressing

the ! key.

6 Mode (AUTO, MDA, JOG) in operating area 15 The etc: symboll |nd|cates.that there are
"Machine". (The training software SinuTrain includes only f‘{'”her functions _Wh'Ch yOL_’ can display by pres-
the mode AUTO.) sing the - key in the horizontal softkey bar.

16 Horizontal softkeys: Here you will find the
operating areas or main functions.

7  Path and program name of the selected program

17 Vertical softkeys: Here you will find subme-
nus
and functions.
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2.2 Setting up

In this section, you will learn fundamental sequences  euanes
of operations required to set up SINUMERIK control
systems 840D/810D/840Di.

840D__Mill | Auto
[Z channel reset

Tool details

Using a milling machine in the configuration "withtool M/ oo [t___J1z0End mi : 9
. [Cutiing edges: [ 1 T 2 T % T 1421 Shatt mill with edge rounding Il
management"*, you will learn ... 3 [0 1 to0 Anglehead cuter £
Location type: normal vrs::.‘) Fa;,e e cutter w corner round.
« how to create a new tool in the tool management | tossion coding: lixea 50 Swaemit " i
Monitoring type:  None v 151 Saw

[0 Being changed [Cl |
O Wasinuse vl
E Prewarn. limit  [W

Magazine no.: Loc. no.: (left, right)
* how to "install" it in the real magazine and in the e e

Tool sequence: 0 J‘

Unload o1
. . . O In (load) m
magazine image of the control system (Section —_— —_———
OEM_T3[mml __ 0.000 OEM_T4 [mm| 0.000
2.2.1). = =

Parameter |840D__Turn I Auto

IMPFD
[Z] Channel reset

Program aborted

Machines with a simple "Tool compensation" naturally
also manage tools, not with names, but via

Tool ofisets

Canihea 20 et T numbers.
C.edgepos. |1

Length comp —— x 3 Wear Base ; . . .

o R WO A 0000 Especially with turning machmes_ Wherg all toqls are
radies omp. | 1, 21©, o122, cIe_arIy_ arranged on the turret, this easier configua-
e S TR SV ration is easy to use in practice.

This configuration "with tool compensation™* is
described in Section 2.2.2.

Technology
Clear.angle H 0.000 deg.
DP25

Section 2.2.3 lists all tools which will be used in the following sample programs,
and Section 2.2.4 deals with scratching and zero setting.

* The procedure can be transferred to the correspondingly other technology without any problem.
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2.2.1 Tool management: Creating a tool and loading it into the magazine

~}

Supposed you have a machining center with a (chain) magazine. You want to create a 63 milling head in
the tool management and load it into any of the free magazine locations.

First, mount the tool manually in the spindle. When doing so, observe the instructions of the machine

manufacturer. Then turn again to the control system screen.
Creating a tool

Keys/inputs Screen / drawing

( . ) Parameter |840D_Mill | Auto. |MF'FD

[Z channel reset
Tooljbasic
Parameter data
Tooljadd -
Magazine list: data

‘1 “KETTE-90

Tooljsize

LN Tool ident Lite[mi
15M60 0.0
2EM20

3EM16

Magazine R Active WO
list

ool Paramet |840D_M'II | Aut |
arameter i o
managemen MPFO
2 channel reset Program aborted

Tool/basic
data
Toolfadd -
data

Toollsize
F ife[min |  status

Magazine: |1—KETFE,QO | Locat.:

LN Tool ident
1SM60
2EM20
3EM16

_4EM10
5CD12
6TD8_5
7TD10

T_M10

cooco
cooo

Search +
position.

Magazine
list

Description

Callthe "Parameters" operating areain

the main menu.

By default, the tools are shown in the

"Magazine list", sorted according to
ascending location numbers.

The horizontal softkey bar changes: In

addition to the presentation of the

"Magazine list", the presentation of the

"Tool list" is now also available.
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Tool
list

New
tool

FM63

INPUT.

INPUT

30

Parameter |840D_Mill
[Z| Channel reset

Toolfbasic
data

Toolfadd.-
LIRS
TTNo [Tool ident MN LN DNTTy Length 1 Radius Cut-RadiS

1SM60 1 1 140 120.362 . X m

1

8EM20 1 21120 106529
1 3 1 120 98.190
141120 112384
151220 74343
1 6 1200 130.438
17 1200 120310
1 8 1 240 88.976

Unload Relocate

Magazine Tool
list list

Tool details

Name: NEU11 @ Duplo: ‘1 ‘Type: 120 End mill v|
[Cutiing edges: [ ] [ [ [ [ [ [ \ \
P 1 [ [ T T T T ]
i e )y Size: at
eI g bf’,"“" 0/ u;nabled Pl
Location coding: ‘]ixed \v [0 Disabled D1
o 1 [ 1] O Measured M
Monitoring type:  None vl O Active tool 1Al
Magazineno: B |Lec.nos o | (Cetrighy | LI Beingchanged Icl
. O Prewarn. limit  [W]
Tool sequence: 0 i 5l
O  In (load) m
Heavy tool [mm] 0.000 OEM_T2 [mm) 0.000 Al
OEM_T3 [mm] 0.000 OEM_T4 [mm] 0.000 d
(OEM_T5 [mm| 0.000 " OEM_T6 [mm| 0.000 9
(OEM_T7 [mm| ooo0 OEM_T8 [mm] 0.000 v
[Tool detaits |
Name: FM63 |Duplo: 11 /120 End mill
[Cutiing edges: [ A ] \ [ \ 76 ] [ \ \
p | T | | | | \ | | | |

120 End mill

120 End mill

121 Shaft mill with edge rounding

130 Anglehead cutter

131 Anglehead cutter w corner round.
140 Face mill

145 Thread cutter

150 Side mill

151 Saw

[ > [

ICT1L

7/]

[ 1

<

In the "Tool list", the tools are sorted

according to their T numbers.

Using the vertical softkey, you will
create a new tool.

Enter the name of the new tool (e.qg.
"FM63" for a facing tool with @63mm).

Accept this entry.
Go on with the "Type" list box.

At present, the type "120 End mill" is
selected.

Open the list box with . and select
the type "140 Face mill".

Accept the selected type.




Parameter |8l0D_MiII
[Z channel reset

| A fero

Program aborted

Tool details

New
cuttgEdge

Name: FM63 |Duplo: 1 | Type: 140 Face mill v
[Cutiing edges: [ 7 [ w2 [ #3-]n¥a | 45 | #6 | #7 | 48 [ #9 |
1 | | | | | | | J
Location type: 1 ][ Size: Elalzg Monitoring
w2 normal S % Enabled Pl data
Location coding: fixed v Disabled Dl
oot feed__ T jIHSSaae
pentngliss L} Acte ool LA Tal -
i Beir h d
Magazineno: [0 |loono: [ | Uettrish) | Dongchaned [0
. O Prewarn.limit W]
Tool sequence: |0 a b -
O In (load) 1]
Heavy tool [nm] ___0.000 OEM_T2 [mm 0.000 A | Delete
OEM_T3 [mm] 0.000 OEM_T4 [mm 0.000 [ | cutt edge
|OEM_T5 [mm] 0.000 OEM_T6 [mm] 0.000 L
OEM_T7 [mm] 0.000 OEM_T8 [mm 0.000 )

Parameter |8l0D_Tum
[Z channel reset

Tool cutling edge data
Name: FM63

|Duplo: 1 [Type: 140 Facemit V|
# [ w2 [ 43 [ ¥4 [ 45 {6 | #7 | #8 | #9 |

o [ [ [ [ [ [ 1

[Cutiing edges:

[Tool length compens. |Longitud 1: Longitud 2:  [Longitud 3: Radio 1:

| [mm] [mm] [mm ] [mm ]
;eomelry 0.000 2] 0.000

Reu 0.000 0.000
ase 0.000 0.000 0.000

[Cuting edge speed 0
Max cutiing edge speed0

IOEM_S5 [mm] 0.000
OEM_S7 [mm] 0.000
[OEM_S3 [mm] 0.000

[Feed mmimin 0
Max feed o
OEM_S6 [mm] 0.000
OEM_S8 [mm] _0.000
OEM_S10 [mm] 0.000

fTool length compens. |Longitud 1: [Longitud 2: Longitud 3: Radio 1: 1
[mm] mm] [mm] [mm1
Geometry 134.260 31500
Wear 0.000 0.000
Base 0000 0.000 0.000 i
Adapter

Lengh 1 Bage

Length 1 complete

A facing tool has been created.

~}

It has got one defined cutting edge D.

Use the appropriate softkey to change
to the next window for the offset values

of this cutting edge.

If you have measured the offset value
for the length by using a tool-presetting

station beforehand, you can enter it

here.

The radius of a 63 milling head is
31.5..

[If you find out - when measuring
again - that a tool runs out you can

enter this difference in the line "wear".

The "ideal" dimensions will not be
changed.

If necessary, the length of an adapter
(used for several tools) can be entered
in the "Base" column. This size will be

added to the tool length.]
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-

Load

Tool
details

hpro The tool data are complete.

W Channel reset Program aborted Tosibasip .
Back to the tool list.

Parameter (840D__Mill | Auto |

TNo Tool ident MN N DNTTy Length 1 Radius Cut-Radi F
15M60 11 X ' 0.000 [
3EM20 1 2 1120 108529 10, . 0 AT b . ”
4EM16 1 3 1120 98190 8.000 0.000 0
f 5EM10 14 1120 112384 5.000 0.000 0 Tl number was automatica y
cp12 1 5 1220 74343 6.000  0.000 0 2 H
71085 16 1200 130.438  4.250 0.000 aSSIg ned tO the tOO|
TD10 17 12000 120310 5.000 0.000
10T_M10 1 8 1240 88976 5.000 0.000 | . . . .
| 11Fes o 134260 31500 00w But in the program, it will be easily

called via its - more meaningful - name
(see Chapters 3 and 4).

| Tool from
inet
Delete
tool

Unload Relocate

you want to change the data of a tool later ...
Select the line of the appropriate tool in the tool list.

Use the softkey [Tool details] to open the input field for the tool data.

Implement the changes.

Press the softkey [<<] to close the input box and to return to the tool list.

Loading the magazine

TNo Tool ident MN LN DNTTy Select the line of the tool which you
11FM8E3 1/ 14  want to load into the magazine.

The fields MN (magazine number) und PI (location) are still free. This means that the
tool is in the tool cabinet and has to be loaded into the magazine....

By using the horizontal softkey, you call
the function for loading.

Parameter |840D__Mill | Auto |MPFO

|Program aborted

Z Channel reset

TTNo Tool ident _ MN LN DNTTy Length 1 Radius Cut-RadiS
1SM60 140 120.362 30.000 .000
3EM20 120 106.529 X .000
4EM16 120 98.190 .000 ﬂl]‘
S5EM10 120 112.384 .000 X
| ecpi2 220 74343 6.000
7TD8 5 1 6 1200 130438 4.250
8TD10 17/ 1/200 120310 5.000
| 10T_M10 1 8 1240 88976 5.000 Find
| 11FMes 1140 184.260 81.500 empty loc.

Unload

Relocate




Start

you want to set down the tool

If...

on a certain magazine place ...

... you can enter the data

manually:

Find
o Tool ident i empty loc.
130. 250
8TD10 1 7 1,200 120.310 5.000
10T_M10 1 8 1240 88.976 5.000
11FM63 19 [3] 140 134.260 31.500
T = I

Parameter |84OD_MiII

MPFO

2 channel reset

Program aborted

Find

emply loc.

[MIMove toolimagazine finished

Parameter

840D__Mill

Unload Relocate

Auto

|MF'FD

[Z channel reset

Program aborted

Tool list:

Tool/basic
data

Tool/add -
data

Magazine:

KETTE_90

Tooljsize

LN ool ident

ngth 1

Life[min| status

15M60
. 2EM20
3EM16
4EM10
5CD12
TD8_5

DNTTy Lel
1140

TD10

cooolo

o
[
0
0
o

T_M10

FM63

R
variables

Active WO
+ compens.

~}

you have got e.g. a big "confused"
magazine ....

... it is easier if the control system
proposes an already unused magazine
location:

Tool list:

No Tool ident DNTTy Length 1_Radi
40 120.362 30.00C
06.52910.00C
98.1 .00C
.31 .00C
220 3 .00C
7TD8_5 6 1 200 130.4: 250
8TD10 1 7 ILZW 120.310  5.000
10T_M10 1 8 1240 88.976 5.000
11FM63 I@g I] 140 134.260 31.500

< -~ i) N

Emp|y location found: Magazine 1/ locat. 9

Start the loading process via the
softkey.

The tool will be loaded into the
magazine.

Back to the upper menu level of the
operating area
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2.2.2 Tool compensation: Creating a tool

Now, the way of the easy tool management: Your SINUMERIK control system manages T numbers and
no tool names. Supposed you have a turning machine and you want to set down a 3mm recessing tool on
the turret location 5.

Keys/inputs Screen / drawing Description

(8D
Parameter

Call the operating area 'Parameters’ in
the main menu.

1 D number 1 No. of c.edges
220  Center drill

Length comp. Geometry Wear

Longih1 5 | 0000 0.000 By default, the compensation data of

Length 2 8 70.000 0.000

Lengha 105,000 the first tool (T1) are displayed.

Radius comp.
Radius : 7.500 0.000

You can navigate in the compensation
data list via the vertical softkeys and
execute changes:

Active WO
+compens.

T no. l Tno. 1 Use these softkeys to go from one tool to the next with
- the next higher or lower T number.

D no. 1 D no. 1 Use these softkeys to navigate between several
: cutting edges of a tool.

Bl ] Use this softkey to delete a tool or a cutting edge.

Dots in the softkey generally indicate that there will be
still an inquiry or that a submenu exists.

Go I Use this softkey to change to a certain cutting edge
of a certain tool.

Overview Use this softkey to go to the overview list of all tools

(see below).

New... ] Use this softkey to create a new tool or a new cutting
edge.
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Overview

New
tool

®)

INPUT

Parameter |840D_Turn | Auto |MPFD

[ channel reset

Tnumbers Dno.  Numbe Tool types

1 1] 1 220 Center drill
500 Roughing tool
520 Recessing tool
510 Finishing tool
200 Twist drill

240 Tap, regular
220 Center drill

500 Roughing tool
510 Finishing tool
510 Finishing tool
500 Roughing tool

[ I

540 Threading tool

Program aborted

Overview of tools

120 End mill (without corner rounding)

120 End mill (without comer rounding)

Delete
cutt. edge

>

Size of tool memory over all TO areas:

500 T; 500 D:

Parameter |840D_Turn | Auto |MPFD

[Z channel reset

T number 1 Dnumber 1 No. of c.edges
Tool type 220 Center drill
Length comp. Geometry Wear
Length 1 g 0.000[F] 0.000
Length 2 £ 70.000 0.000

Length 3 = 105.000 0.000
Radius comp.

Radius 8 7.500 0.000 mm

Program aborted

Base
0.000 mm
0.000 mm
0.000 mm

New
cutigEdge

Tool offsets
T number 5 Dnumber 1
Tool type 220[Z] Center drill

Length comp. Geometry Wear
Length 1 z 0.000 0.000
Length 2 8 0.000 0.000
Length 3 8 0.000 0.000

Radius comp.
| Radius 8 0.000 0.000

No. of c.edges

o
Base
0.000 mm
0.000 mm
0.000 mm

Inthis overview list you can see that the
T number 5 has not yet been assigned.

Use the appropriate softkeys to create
a new tool.

If you have an older software version
you have to enter the T number
manually. If you enter a number
already assigned then this is indicated
as a note.

With Software Version 6.0 and higher,
the first free T number is entered
automatically.

Each type of tool has got a number. The first digit classifies the group of tools:

1xx - milling tools
2xx - drilling tools
4xx - grinding tools
5xx - turning tools
7xx - special tools

The field is assigned the number 220 for the type "center drill" by default.
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INPUT

36

you have not yet known the If
type number for the "recessing
tool"...

... you can select the type from
the list:

At the same time, the list box 520 =
with the tool groups will be

opened when deleting the

default number.

INPUT

Select the group "5xx turning
tools" and accept the selection.

Selectthetype "520 Recessing
tool" from the list in the same
way you did before.

Tool offsets

T number 5 D number 1
Tool type 520 Recessing tool
C. edge pos. B

1
¥ Y %
E—Y:-Z 3m>2 |i2
" :-: "
TE}Z ] O z 532
h ® "
3£:z Sm»z *iz

If you know the type number for the
"recessing tool"...

... you can enter the number directly:

Already when entering the first digit, the
list box of the turning tools will be
opened automatically for orientation.

Of course, you can use both described
ways to deal with a list box also in
combination.

Just try several ways how to enter in
order to get used to it.

The tool type was selected; next
subject is the cutting edge ....

Ahelp screenis provided for the cutting
edge position list box, which you can
call with |




INPUT

93.1 | ©
gt
42 *:E
h R0
0.1 | wor
OK+ new
cuttgEdge
-3
R LY
=
4 INFUT
LY
39 *Om

0K

X

k1
= o
a a
- -
s 5
O o
c [ =
o [}
| |
Tool tip 2
(cutt. edge D2)
w o |
Length 2 (D2)
Length 2 (D1)
Parameter |840D__Turn I Auto MPFO
[Z channel reset Program aborted

T

5  Dnumber 1 No. of c.edges

Tool type 520 Recessing tool
C.edgepos. 3
Length comp. Geometry Wear Base
Length 1 8 93.100[F] 0.000 0.000 mm
Length 2 : 42.000 0.000 0.000 mm

Radius comp.
ius

0.000 0.000

~}

At first, enter the compensation values
for the left edge (D1).

If you have measured the compen-
sation values by using a tool presetting
station, you can enter them here.

Example:

Lengthl (D1) 93.1
Length 2 (D1) 42
Radius of the edge: 0.1

Now we come to the second edge (D2):

Code number of the second edge: 4

Length 1 (D2) as D1
Length 2 (D2) 39
Radius of the edge: as D1

The width of the recessing tool results
from the difference of the two values for
"length 2"; 42 mm - 39 mm = 3 mm.

All compensation values for the tool are
entered. Now, the tool can be selected
in the program with the command T5
(see Chapters 3 and 4).

Back to the higher-level menu!

Now you can create all tools you need for the sample
programs according to the procedure you did before...
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2.2.3 Tools of the sample programs

In the previous sections, you created both one milling and one
turning tool as an example. The sample programs of the Chapters
3 and 4 use the following tools. In order to be able to carry out these
programs with the help of the simulation diagrams, you have to
create these tools also in the operating area "Parameters".

(Of course, you can also use your "own" tools of the same type with
different names. When programming remember the changed
names for calling the tools.)

Tools in the milling programs

Type Name Cutting data (extract)
140 Face mill SM60 D1 Radius 30

120 End mill EM20 D1 Radius 10

120 End mill EM16 D1 Radius 8

120 End mill EM10 D1  Radius 5

220 Centre drill CD12 D1 Radius 6 *

200 Twist drill TD8_5 D1 Radius 4.25 *
200 Twist drill TD10 D1 Radius 5 *

240 Tap, regular T_M10 D1 Radius 5 *

* Depending on the particular software version, the radius of a drill can be entered only by direct editing of the tool
initialization file. If you are not familiar with it, you should create drills for the simulation as end mills!

There are the following types of tools available for milling:

110 Ballhead cutter 120 End mill 121 Shaft Mill with edge rounding
130 Anglehead cutter 131 Anglehead cutter w. corner rounding140 Face mill

145 Thread cutter 150 Side mill 155 Bevelled cutter

200 Twist drill 205 Solid drill 210 Boring bar

220 Centre drill 230 Countersink 231 Counterbore

240 Tap, regular 241 Tap, fine 242 Tap Withwirth thread

250 Reamer 700 Groove saw 710 3D probe

711 Edge probe 720 Directional probe 900 Special tool
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Tools in the turning programs

When creating turning tools, in addition to the cutting edge radius
and the length compensations which you can determine by
scratching or using the tool presetting station, the cutting edge

position also plays an important part.

That's why you will find the cutting edge position help screen for

your orientation.

Type Name

500 Roughing tool RT1
500 Roughing tool RT2
510 Finishing tool FT1
510 Finishing tool FT2
540 Threading tool THREAD
520 Recessing tool GT_3 ***

200 Twist drill TD5
205 Solid drill SD16

Cutting data (extract)

D1
D1
D1
D1
D1

D1
D2

D1
D1

Radius 0.8 Cutting edge pos. 3

Radius 0.8 Cutting edge pos. 3 clear. angle 44° **

Radius 0.4 Cutting edge pos. 3

Radius 0.4 Cutting edge pos. 3 clear. angle 44° **
Cutting edge pos. 8

Radius 0.1 Cutting edge pos. 3 Length 2 e.g. 42
Radius 0.1 Cutting edge pos. 4 Length 2 e.g. 39

Radius 2.5 * ****
Radius 8 * ****

FrrYEv o

* Depending on the particular software version, the radius of a drill can only
be entered by direct editing of the tool initialization file. If you are not used

to it you should create the drill for the simulation as an end mill.

**|f, when creating a tool, a "clearance angle" or "tool clearance angle" not
equal to 0 is entered this is monitored for collosion when turning undercuts

(see example in Section 4.2).

*** This tool was discussed in Section 2.2.2.

*** |f you drill in the G17 plane (recommended), length 1 refers to the Z
axis in the tool compensation, deviating from the compensation values of
the turning tools (see Chapter 5 of the Operator’s Guide)

The following tool types are avaliable for turning:

510 Finishing tool
540 Threading tool

500 Roughing tool
530 Parting tool

520 Recessing tool
730 Stock stop

In addition, there are the drilling, milling and special tools which have already been mentioned on page 38 (milling tools).
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2.2.4 Scratching the tool and setting zero

When scratching you carefully traverse a tool gauged beforehand to the workpiece until this "scratches". The
control system can calculate the zero offset which the coordinates of the NC program are related to on the
basis of the tool compensation data and the current position of the toolholder.

Scratching and setting zero of the workpiece is a direct interaction of control and machine or of tool and
clamped workpiece. The function "Scratching" is therefore not simulated in the training software
SinuTrain.

Machine

| JOG Inc YF.DIR
1

s Change to the main menu of the control
[rogm sores system and call the operating area
"Machine".

(Alternatively: Key .)

Machine Position T | Master spindie sS4
x 59.046 mm 0000 | g D000 o
z 7260 mm 0.000 Set 0.000 rpm

c1 0.000 deg 0.000 Pos. 0deg.

c2 0000 deg 0.000 ALy
Power 0%
Feedrate [mm/min]
Act. 0.000 100.0 %
Set 0.000

e

’Preseleded tool:

Tool

ervices

(.) Traverse the tool e.g. in the "Jog" mode "manually”

(e. g. with the axis keys of the machine control panel)
to a position which enables a collision-free tool
change (turret swivel).

o

. Machine Position D-o-go | Master spindle S1 Activate the tool with which you want to

) i SO Kl Spseperdise scratch the workpiece (e.g. by writing a
g mm . e .000 rpm 5 . . " "
ML { —ci 181000 deg 0000 | Pos: 0deg. little program in the mode "MDA
c2 0000 deg oo R | "’“"’; carrying out the tool call and which
causes the spindle to rotate).
MDI SYRIOSTORE1.SYF /| Feedrate [mmirev]
697 <300 Max A A oo 100 % | Start the program with the key
1 Set .
_‘ oot Nl <NC Start> on the machine control
J—:':Ilnn o D1' panEL
}Preselened tool:
RT1
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GO1

Then change again to the manual
mode (JOG mode) (without using
<Reset> or <NC Stop> in the
meantime).




Soraloh | Machine kAN | wo JSrom Here you can activate the function
Channel interrupt Program interrupted

"Scratch" via a horizontal softkey.

Machine Position Repos ofiset Master spindle  S1

X 59.046 mm -0.000 A -300.000 rpm
z 7.260 mm -0.000 Set -300.000 rpm
-c1 227.000 deg 0.000 Pos. 0deg.

c2 0000 deg 0.000 B

Power 0%

Feedrate [mmjrev]

0.000 100.0 %

Tool
" TIRT1 D1’

Preselected tool:
! AT

7 Go1
(54 _<>> Machine Position Repos offset Master spindle S1 [9) In the funCtlon WIndOW Ou determlne
INFUT P P! .
x SR’ mm 000 e emooem o inwhich zero offset (G54, G55, ...) you
z . -_.'.:'7.260 mm -0.000 Set -300.000 rpm m
v -t 27000 dog o000 | Pos. 0deg. want to store the result.
c2 0.000 deg 0.000 WS . .
rwer | ox | | Then position the cursor (with <Arrow
[ | down>, not with <Input>!) on the input
A = Rineme 1M cazaer | field "Setpoint position™ for the axis in
Axis Offset Setpoint Approach direction  Tool offset Wthh yOU want to SCfatCh at first (here
X 0.000 L1 0.000 mm ) g .
z 0.000 | L2 34.021 mm Z axis in turn|ng)_
c1 0.000 deg.
cs8 0.000 deg.

Traverse the tool carefully with the axis keys, a
separate handheld unit or electronic handwheels until
it comes into contact with the workpiece. (If
necessary, you can then retract the tool vertically to
the scratching direction and stop the spindle).

1 *(Z Mochine _ Positon Repos offset | Master spindle " 1 Inthe field "Setpoint position”, enter the
x do2ss mm o 6030 | aq o smooem | Value which you wish this coordinate to
= — o e ™% | have later in the program. When doing
ce 0000  deg 0.000 100.0% S0, take into account the length
compensation of the tool (see help
e ——— screen below).
Work offset G54 Duplo no. 1 CuttEdge 1 . )
s Ot Sapon Approsh drecion  Toooosl The offset |s.d|splayed on the left next
z 27761 ) tz (et to the input field.
cs 0.000 deg.

The length compensation of the tool in Z ("length 2")
is opposite to the axis.

The geometry of the tool is thus considered negatively
when calculating the offset.

This is done by switching over to "-" in the field after
the setpoint position.
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Parameter

840D__Turn

| el

[Z channel reset

Program aborted

Parameter

Settable work offset

Work | Cldeg] ~
offset | G54 Coarse. A 0.000
Fine 0.000 0.000
G55 Coarse 0.000 0.000 0.000 _
Fine 0.000 0.000 0.000
G56 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000
G57 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000
G505 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000
G506 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000
G507 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000
G508 Coarse 0.000 0.000 0.000
Fine 0.000 0.000 0.000

Setiing
data

variables

+ compens.

Axes
+
Rotation,
scale,mirr
Base
WO
Set
WO

If necessary, determine the zero offset
for the remaining axes in the same way
(for turning, it is not necessary,
because the turning center has always
got the X value 0).

Finally accept all values in the selected
zero offset, in this case G54.

You can "read again" all zero
offsets of the control system in
the "Parameters" operating
area.

The zero offset becomes active when calling the
appropriate command (G54, G55, ...) in the NC program.
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2.3 Managing and executing programs

This section deals with swarf and swarf removal.

Provided that there is already an executable and tested program
(see Chapters 3 and 4 regarding programming) ...

... then you will learn here how you can load it from a floppy disk
into the control system, from the program management into the
kernel of the control system and finally execute it.

2.3.1 Saving data to floppy disk and reading them from floppy disk

Your SINUMERIK control system offers you several opportunities to read in and read out data. You can select
them in the operating area "Services" via the vertical softkey bar:

[V24 ] Serial interface [PG] Programming device
[Disk... ] Floppy disk drive [Archive... JArchive directory on the hard
disk

The data exchange between control system and floppy disk will be discussed in the following. Insert a

formatted, non write-protected floppy disk.
e

Control system -> floppy disk (reading out)

The basis of this example is any
workpiece directory (here
"TEST.WPD") you have created in the

Program  (840D__Mill I Auto |MPFO

[Z channel reset PProgram aborted -

- operating area 'Program’ and to which,
CHASSIS
(==} FLANGE WPD 25/08/2003 e g a part prog ram
e IM_32 WPD 28/08/2003 X "I
om] INJECTION_MOLD ‘WPD 28/08/2003 X " n
o ST i Zomaizons ("PILOTPROGRAM.MPF") and a
] LEVIER ‘WPD 25/08/2003 H " "w
ST wep 26082008 subroutine ( "UP20.SPF") belong.
(=] LONGITUDINAL_GUIDE ‘WPD 26/08/2003 X
(=] MSPLINE_BC ‘WPD 25/08/2003 5
(] PALANCA_EN33196 WPD 25/08{2003
(=) PIASTRA_U154 WPD 25/08/2003 E
[mm} RSP2003 ‘WPD 25/08/2003
(=] TEST . weD 25/08/2003 X
B PILOTPROGRAM MPF 4119 23/11j2000 X
B uP20 SPF 745 2311j2000 X
| TRANSFORM ‘WPD 25/08/2003
Free memory: Hard disk : 16

P p: i
- Part Sub- anda
e programs | programs

You find a detailed example regarding the creation of workpiece directories and
programs in Section 3.1.
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)
Services i

Data
out
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Services  |840D_Mill | Auto |MPFD
W Channel reset Program aborted

Programs/data: TARGET VARC.DIR

IName | Type |Loaded | Length| Date| Enable
(] Archive i X
o Interactive-programming
&) Manufacturer-cycles DIR 23/082003 X
= Part-programs DR X 29/08/2003
o Subprograms DR X 29/08/2008
(= User-cycles DR X 29/082003 X
] ‘Workpieces DIR 23/08/2003 X
Free memory: Hard disk : 806.330.368 NCU: 1.645832

RS232C, diskicard, archive -> Control
Data
selection

Services |840D_M|II | Auto |MPFD
W Channel reset Program aborted

Programs/data: TARGET WKS.DIR

IName | Type |Loaded | _Length| Date| Enable
= Workpieces DIR 26/08/2008 X 1
[} BA_11 WPD 25/08/2003
[} CHASSIS WPD 25/08/2003
(=) FLANGE WPD 25/08/2003
m} M_82 WPD 28/08/2003 X
[} INJECTION_MOLD WPD 28/08/2003 X
= ISLAND_MILLING WPD 25/08/2003
o LEVIER WPD 25/08/2003
jm} LG_31 WPD 26/08/2003 X
[m} LONGITUDINAL_GUIDE ~ WPD 26/08/2003 X |
(] MSPLINE_BC WPD. 25/08/2003 |
m} PALANCA_EN33196 WPD 25/08/2003
(=) PIASTRA_U154 WPD 25/08/2003
(=) RSP2003 WPD 25/08/2003
(=) TEST WPD 25/08/2003 X
(=} TRANSFORM

‘WPD
Free memory: Hard disk : 818.253.824 NCU: 1.662.216

RS232C, diskicard, archive -> Control
Data
selection

Services |840D_Mill | Auto
2] Channel reset

|MPFD
Program aborted

Programs/data: TARGET \WKS\TEST.WPD

IName | Type Loaded | _Length| Date| Enable

=} Workpieces 26/08/20038 X |
[} BA_11 WPD 25/08/2003 X
(=) CHASSIS WPD 25/08/2003
(=) FLANGE WPD 25/08/2003
m} IM_82 WPD 28/08/2003 X ﬂ
[} INJECTION_MOLD WPD 28/08/2003 X
=) ISLAND_MILLING WPD 25/08/2003
(=) LEVIER WPD 25/08/2003 m
[} LG_31 WPD 26/08/2003 X
[m} LONGITUDINAL_GUIDE ~ WPD 26/08/2003 X |
(] MSPLINE_BC WPD 25/08/2003 |
(=} PALANCA_EN33196 WPD 25/08/2003
=) PIASTRA_U154 WPD 25/08/2003
= RSP2003 WPD 25/08/2003 -
(] TEST wpD 25/08/2008 X | |
(=} TRANSFORM &

Free memory:  Hard disk : 818.253824 NCU: 1.662.216

RS232C, diskicard, archive -> Control

Data

selection ifertace

= TRANSFORM

H [ TEST )

Free memory: Hard disk : 818.253.

Control -> RS232C, diskjcard, archive

Change to the main menu of the control
system and call the operating area
"Services".

The window displays the directories
(type "Dir" for "Directory") which can
also be selected in the operating area
"Program" via the horizontal softkeys.

This means the workpiece directory
"TEST.WPD" is in the list
"Workpieces.DIR":

Open the higher-level workpiece
directory....

... and select the directory you want to
store on the floppy disk (here also
"TEST.WPD").

In the display of the softkey [Data in],
the softkey is marked to be active.

By using the softkey [Data out] you
switch over to data ouptut.




Disk{
. Card

Start

INPUT

Disk{
Card

Start

efi el

fl

|Loaded| Length| Date

Disk/card: TARGET A
|Name
[ N
El CONTOUR.ARC
=2 GEO.ARC
El MATH.ARC
El NESTGEO.MPF

Archive TEST [@]

1784 28/08/2003
1086 26/08/2003
1784 28/08/2003
1895 26/08/2003

Arch. format: Punch tape with CR+LF v

The window shows the contents of the
floppy disk. The field "Archive name"
has the focus; itis already assigned the
workpiece name by default.

you want to know before saving which data have already been stored on the floppy

disk .....

Diskfcard: TARGET A
* |Name |Loaded| Length| Date

CONTOUR.ARC
GEO.ARC
MATH.ARC
NESTGEO.MPF

() ) (i) [ [

1784 28/08/2003
1086 26/08/2003
1784 28/08/2003
1895 26/08/2003

Archive TEST

Arch. format: Punch tape with CR+LF v

AANESTGEO.MPF
|Loaded|  Length| Date

Disk/card: TARGET
— |Name
(] -
B CONTOUR.ARC
B GEO.ARC
B MATH.ARC
B NESTGEO.MPF

Archive NESTGEO |

1784 28/08/2003
1086 26/08/2003
1784 28/08/2003
1895 26/08/2003

Arch. format: Punch tape with CR+LF v

Job is ready

|Name |Loaded| Length| Date
(=] .
B CONTOUR.ARC 1784 28/08/2003
B GEO.ARC 1086 26/08/2003
B MATH.ARC 1784 28/08/2003
B NESTGEO.MPF 1895 26/08/2003
Archive TEST Arch. format: Punch tape with CRHLF  |v]
(] TEST
| TRANSFORM
Free memory: Hard disk : 818.253.

g TEST
Eil PILOTPROGRAM
il UP20

Free memory:

Job is ready

Data
out

Hard disk :

818.253.

You advance the focus with the <Tab>-
key or the <END> key until the orange
bar has marked a line in the file list.

You can move the cursor in the file list
with the keys <Arrow down> and
<Arrow up>. The name of the selected
file is accepted into the field "Archive
name" (and it would possibly be
overwritten!).

Switch the focus back to the field
"Archive name" with <Tab> and enter
the name of the workpiece again.

Start loading of the data from the
control system to the floppy disk.

The loading process is logged in the
notice line. If data have been
successfully loaded, the message "Job
completed" is displayed.

Open now the workpiece directory
"TEST.WPD", select part program
"PILOTPROGRAM.MPF" ...

... and load it separately as an exercise
once again to the floppy disk.
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Manage
data

Diski |

Card |
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Data

Diski
Card

Services  (840D_Mill
2] Channel reset

| Auto |MPFD

Program aborted

Disk/card ANTEST.ARC
__ Name Loaded| Length  Date

(=) E
B CONTOUR ARC 1784 28/08/2003
B GEO.ARC 1086 26/08/2003
{El] MATH.ARC 1784 28/08/2003
B PILOTPROGRAM.ARC 4175 28/08/2003
B NESTGEO.MPF 1895 26/08/2003
B TEST.ARC ) 4966 28/08/2003
Free memory:  Harddisk:  818.253.824 NCU: 1.662.216 Diskjcard: 1.440.256

(@]

Delete. copy.

Background:

Then, change into the menu [Manage
data] and ask for the content of the
[Disk].

The workpiece directory "TEST.WPD"

was stored as "TEST.ARC" with the
data contained therein.

The program file "PILOT-
PROGRAM.MPF" was stored as
"PILOTPROGRAM.ARC" .

The extension "ARC" stands for 'archive’. The complete data structure with workpiece
directory, part program and subroutine is kept within the archive file "TEST.ARC.

This structure will be recovered when restoring an ARC file.

= TEST
E] PILOTPROGRAM
E UP20

Hard disk :

818.253.1

Quit the menu with the <Recall>
key.

The cursor selects the file which
was just copied to the floppy
disk.

Floppy disk -> control system (reading in)

= TEST
E] PILOTPROGRAM
E UP20

Hard disk :

818.253.1

Services

840D__Mill | Auto L‘PFD
[Z channel reset

Programs/data: TARGET ARC.DIR
IName |Type |Loaded | _Length| __Date Enable
23/08/2003 X

=] Archive DIR

o Interactive-programming  DIR 29/08/2003 X
(=} Manufacturer-cycles DIR 23/08/2003 X
(=} Part-programs DR X 29/08/2003

(=) Subprograms DR X 29/08/2003

o User-cycles DR X 29/08/2003 X
(=} Workpieces DIR 23/08/2003 X

Free memory: Hard disk : 806.330.368 NCU: 1.645.832

RS232C, disk/card, archive -> Control

Data
selection

Interface

Select now the menu for reading in
data.

The part program which was
stored as
"PILOTPROGRAM.ARC" onthe
floppy disk is to transfer back to
the control system.




Start

Disk/card: SOURCE
|Name |Loaded| Length| Date

A:PILOTPROGRAM.ARC

B CONTOUR.ARC 1784 28/08/2003
B GEO.ARC 1086 26/08/2003
B MATH.ARC 1784 28/08/2003
m PILOTPROGRAM.ARC e 4175 28/08/2003 |
e NESTGEO.MPF 1895 26/08/2003 }
B TEST.ARC 4966 28/08/2003
Free memory:  Hard disk : 817.598.464 NCU: 1.662.216
Services |8“D_Mill | Auto

Z Channel reset

Job log for Disk/card -> Control

Job Read in archive

Archive  PILOTPROGRAM.ARC
Byles 4096

Job list
F\WKS\TESTIPILOTPROGRAM.ARC

Query
r‘l’ha marked file exists already! Overwrite? ‘
Error list

Please acknowledge the query in the log window

Interface

Select the file
"PILOTPROGRAM.ARC" from the file
list of the floppy disk ...

... and start the transfer.

Because the original part program still
exists on the control system, you will be
asked once again whether you want to
overwrite it.

Answer this question with [Yes].

The file will be replaced by its own copy.

2.3.2 Enabling, loading, selecting and executing a program

If a program is not yet completed or if it has still to be tested, you can withdraw its "release”, preventing it
from being loaded, selected and executed.

In order to execute a program, it must be in the NC main memory. If the control system possesses a hard
disk, this is carried out using the "Load" function. Because the memory capacity of the NC main memory is
limited, you should unload programs you temporarily do not need, i.e. to store them back to the hard disk (if

any).

One of the loaded programs can be selected for execution. This is done using the "Select" function. The
name of the selected program is shown in the top right of the head line of the screen.

Before you start a program you should remember the following things:

e |

Check carefully using the simulation whether the
program is error-free.

We do not assume any warranty for the sample
programs in this Manual.

Especially cutting data (speed, feedrate, cutting
width) have possibly to be adapted to the
conditions of your machine.
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BLOCK

Make sure that all tools used in the program are
available in the magazine or in the turret and that they
are gauged correctly!

Make sure that the workpiece was clamped reliably
and that the zero point has been set correctly!

Under certain circumstances it is advisable to carry
out first a dry run of the program, i.e. without
workpiece in order to test all programmed movements
for collision once again.

Set the feed override before the first test run of a
program to ZERO just to have enough time also to
intervene later in case of incorrectly programmed
rapid traverse motions.

In especially critical places, you should switch over to
single block mode.




Now we come to a concrete example: You have programmed the workpiece "Complete” in the operating area
"Program" or you have loaded the program data in the operating area "Services", e.g. from floppy disk.

Machine

(B

( AUTO | )

Program
overview

8./

Alter
enable

Load
HD -> NC

Machine |840D_Tum | Auto
[Z channel reset

|MF‘FD

G fet.+
transf.

- Auwdliary
Work Posion  D-Aogo | Master spindle S1 4}.
X 0.000 Bmm 0.000 Adtl 0.000 rpm 2

z 0.000 mm 0.000 Set 0.000 rpm | Spindles
= 0.000 deg 0.000 Pos. 0deg.
wz 0000 deg 0.000 Uiz

Power o |

- - Program
Current block ,Eg;m]m [mmi/min] blocks
M30 Act. 0.000 100.0 %
Set 0.000

Tool

'Preselecled tool:

Go1 Program

levels
Program Correct | Program

Handwheel -
control program | overview

Machine  [840D__Tum | Auto |MF'FD
[Z channel reset Program aborted

Program overview

IName oaded| _Length| Date _Time Enable
& BA 250082008 11:03:12 X A [F 00
& oLt 28/08/2008 28:00:07 X
1 BULLONE_K24 WPD 28/08/2008 28:00:11 X |
£1  CHESSTOWER WPD 28/08/2008 28:00:15 X Uload
0 com_42 ~weo 27/08/2003 20:41:29 X
£  COMPLETE WwPD 28/08/2008 28:00:19 X
o cveov WPD 28/08/2008 280028 X |0 0K
1 EVANKS WPD 28/08/2003 23:00:26 X ety
1 MUNON_EJE210 wPD 28/08/2008 23:00:35 X
1 RECHUCK_PART WPD 25/08/2008 11:09:11 X
0o savc WPD 28/08/2008 28:00:39 X
= SHA_a1 WPD 27/08/2003 00:14:22 X enell
01 SHAFT wPD 27/08/2008 00:07:20 X
£1  SUPPORT_BASE WPD 28/08/2008 28:00:43 X

Free memory:  Harddisk:  817.185616 NCU:  1.702.152

[~)Job is ready

Standard Manufact. External
eycles programs

Machine  [840D__Tum | Auto
[Z channel reset

|MF'FD

Program overview

25/08/2008 11:09:12 X
BULLONE_K24 WPD 25/08/2008 11:09:12 X

CHESSTOWER WPD 25/08/2003 11:09:12
COM_42 WPD 27/08/2003 20:41:29
COMPLETE wpD 28/08/2003 22:56:1

pooeececeoeoDDO)

cycoiv WPD 25/08/2003 11:09:12

ronon i © (e
MUNON_| 3 11:09:12 X
RECHUCK \WKS_-D"?WPMP'-ETE-WPD 03 11:08:11 X
savc  |[Theioblistis empiyt 03 11:08:11 . X
SHA_a1 03 00:14:22 X
SHAFT 03 00:07:20 X
SUPPORT 03 11:00:11 X

Hard disk : 817.246.208 NCU : 1.702.152

Free memory:

Job list is being created. Please wait ...

Program overview

|Name | Type Loaded | Length| Date|  Time| Enab
=] BA_11 WPD 25/08/2003 11:09:12 X A
[ BOLT WPD 28/08/2003 23:00:07
[ BULLONE_K24 WPD 28/08/2003 23:00:11
o CHESSTOWER WPD 28/08/2003 23:00:15
(=] COM_42 WPD 27/08/2003 20:41:29
[ COMPLETE WPD 28/08/2003 23:00:19

Change to the operating area
"Machine".

If another mode is active, then activate
the mode "AUTO".

Open the program overview ...

... and select the workpiece
(directory) COMPLETE.

The workpiece is already released.

Just to exercise you can ...
 withdraw the workpiece release, ...

* try to load it (in vain) ...

» acknowledge the message...

« and finally release the workpiece.
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Load
HD -> NC

INPUT

Select

50

workpiece listand part program
have got the same name as it
is here the case...

... the part program having the
same name (type "MPF") will
be loaded by the "selection" of
the workpiece (type "WPD").

B COMPLETE WPD X
Bl COMPLETE MPF X
B CONTOUR SPF X
2 DPWP INI
B TCP SPF X

Select

|[Name | Type |Loaded | Length| Date|  Time|Enable
[=] BA_11 WPD 25/08/2003 11:09:12 X |
(= BOLT WPD 28/08/2008 28:00:07 X
(= BULLONE_K24 WPD 28/08/2008 23:00:11 X
(= CHESSTOWER WPD 28/08/2003 23:00:15 X
(=] COM_42 WPD 27/08/2003 20:41:29 X
(= COMPLETE WPD 28/08/2003 23:03:38 X
verv I A
|[Name | Type |Loaded | Length| Date|  Time| Enable
[=] BA_11 WPD 25/08/2003 11:09:12 X |
(= BOLT WPD 28/08/2008 28:00:07 X
(= BULLONE_K24 WPD 28/08/2008 28:00:11 X
(= CHESSTOWER WPD 28/08/2003 28:00:15 X
(=] COM_42 WPD 27/08/2003 20:41:29 X
= COMPLETE WPD 28/08/2003 23:03:38 X
B COMPLETE MPF 1323 27/08/2003 22:13:46 X -
B CONTOUR SPF 712 27/08/2003 20:34:54 X
B DPWP INI 12514 27/08/2003 22:15:58
B TcP SPF 57 27/08/2003 20:40:16 X

Now load the workpiece into the NC
main memory.

If you open the workpiece directory with
<Input>, then you will see that all
programs included therein (part
program "COMPLETE.MPF", as well
as subroutines COUNTUR.SPF" and
"TCP.SPF") have also been loaded
when loading the directory.

The configuration of the simulation is
stored in the file DPWP.IN. It is not
needed for the machining on the
machine and is therefore also not
loaded.

the part program to be processed has
a different name than the workpiece
directory (e.g. because the part has to
be machined from two sides and you
have therefore created two main
programs called "SIDE_1" and
SIDE_2")...

... select the part program (type "MPF")
in the workpiece directory and then
press [Selection].

B RECHUCK_PART WPD X
B DPWP INI
B SIDE_1 MPF X
B SIDE_2 MPF X

The name of the selected program will now appear in the head line of the screen:

\WKS DIR\COMPLETE WPD

Aute | OMPLETE.MPF

\WKS DIRVRECHUCK_PART.WPD

Adlo IgnE 1.MPF




~}

Quit the program overview by pressing
the key <Recall>.

. \WKS DIRV\COMPLETE . WPD
® e foo_ton | o WESDRCOWR

1 Channel reset Program aborted

o - o atr
Work Position D-o-go. | Master spindle S1

X 0.000 @mm 0.000 A 0.000 rpm
z 0000 mm 0.000 Set 0.000 rpm
c 0.000 deg 0.000 Pos. 0deg.
wz 0000 deg 0.000 B

Power 0%
Current block  WKSICOMPLETE\COMPLETE.MPF :

TCP ; Move toolholder to change point

Now you can see the "Current block"
(i.e. the first one) of the selected
program in the window marked in
yellow.

Program
control

Program ‘ Alternatively, it is also possible to
leCkS ; Move toolholder to change poinf H H H
TEP i Move toinolighic change point display the whole program in this
Program WKS\COMPLETE\COMPLETE MPF Plane 1 WIndOW
sequence ITCP ; Move toolholder to change pointil .
: v (With [Program blocks] and [Program

T="RT2” D1 ; Roughing tool 35° R@.8 (for
relief cut)1

G96 S230 LIMS=3000 M4 M81

G18 G54 G921

GO X94 Zov

G1 X-1.6 F@.21

GO Z21

Program control

sequence], you can change between
these two displays.)

You have various possibilities of

Program
control

CIEASKP : Skip block influencing the execution of the

[0 DRY : Dry run feedrate prog ram.

ROV : Rap. trav. ofride
5 5 O Mo1 : Programmed Stop 1 The status is displayed in the status bar
W WK O DRF : DRF offset in the top of the screen.

[0 PRT : Program test

Whenever you wish, you can activate
or deactivate the active single block
mode (SBL1, SBL2 or SBL 3) by using

O spaLyStop after each the key <SingleBlock> on the machine
O sBL2'Siop atter each plk operator panel.
®  SBL3:Stop in cycle

Start the program.

When running the program for the first
time, carefully increase the feed
override.

In critical situations:

7 or in the worst case !
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3 Programming: Milling

In this chapter you will learn how to program the
control systems SINUMERIK 810D/8450D/840Di,
using the example of two simple sample workpieces.

3.1 Workpiece "Longitudinal guide”

Of course, not everything will be discussed
here what is possible to do with these powerful
control systems. But, if you have programmed
these both workpieces, then you will be able to

start working without any help.

Using the workpiece "Longitudinal guide" as an example, you will learn the complete way from the
drawing to the finished NC program key by key. In this context, the following topics will be discussed:

0 11

_]ol i ‘ s
|

ST

a

OO O
ello

O O
160
130
150
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Structuring into workpiece, part
program and subroutine

Tool call and tool change
Fundamental functions

Technological functions (cutting
data)

Simple traversing paths without
cutter radius compensation

Drilling with cycles and subroutine
technique

Simulation to check the
programming




3.1.1 Creating workpiece and part program

Keys / inputs Screen / drawing Description

Initial status:

Machine IwD_MIII I Auto L
[ Channel reset P

Gct.+
transf.

« Any operating area (here
Posiion D-o-go | Masterspindle S1 | = "Machine") and mode (here

x 0000 mm 0000 | gt o
Y 0000 mm 0.000 Set 0.000 rpm Spindles " AU TO ll)

z 0000 mm 0000 | Pos. 0deg.

A 0000 deg 0.000 100.01% .

c 0000 deg 0000 | Power » Channel status RESET, i.e. no

( g/ﬂ ) rﬁfufdm- [mmimin]

0.000 100.0 %

program is currently executed.

If not yet done, press the <Reset>
key to reset the control system
(see status bar in the top left
corner).

Tool
3

’Pmsallded tool:

Program
control

. Machine  |840D__Mill | Auto LAPFD

[Z| Channel reset

Change to the main menu

Position Master spindle  S1

X 0000 mm 0.000 A 0.000 rpm
Y 0000 mm 0.000 Set 0.000 rpm

z 0.000 mm 0.000 Pos. 0deg.

A 0.000  deg 0.000 dents

c 0.000 deg 0.000 Power

Feedrate [mm/min]
Act. 0.000 100.0 %

The operating areas are displayed on
the horizontal softkey bar. The active
"Machine" operating area is green.

Preselected tool:
>

Go1

Machine Services | Diagnosis

Pragram Program [s4a0_wi | Ao Lo Use the appropriate softkey to the

[Z Channel reset Program aborted

"Program" operating area.
Work-
( A.%J ) Program overview There are various program types which

. Name  |Type|Loaded| Lengthi Date/Enable . A
e o N are now displayed in the softkey bar.
FLANGE 25/08/2003

Lo s csoazo0s The selected type "Workpieces" (WPD)

LEVIER 25/08/2003 ) ) A i
e Seroarzons is a directory in which all relevant data

PALANCA_EN33196 25/08/2003

puTRA 5t zsinsans of a maf:hmlng task (part programs,
subroutines etc.) can be stored.

TEST 25/08/2003

TRANSFORM 25/08/2003
Save

Free memory: Hard disk : 840.704.000 NCU: 1.662.216

poDpooCCDDDDDDO,

It is thus possible to structure all data
clearly.

setup dala
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New... [ Create a new workpiece directory for
Name Longiludinal_guide § h "L t d I d "
Longit. .. SRR e ciro) J the "Longitudinal guide”.

Enter the name of the workpiece (there
is no distinction between capital and
small letters).

Please observe that each name can be
used only once. (You have possibly to
choose another name).

*% _ At the control system keyboard, text
> e and digitinputs are always accepted by
pressing the yellow <Input> key, and at

the PC with <Return>.

Data type |Workpiece-(WPD)

oK Because you want to create a workpiece (WPD = WorkPieceDirectory), you can accept
; the file type without any changes.

The heart of the machining is the part program.

An appropriate program segment is to be saved in the workpiece directory.

& LEVER WPD 25/08/20 When saved for the first time, the name
(=] LG_31 WPD 10/09/2003 X . . A
of the toll directory is automatically
Name LONGITUDINAL_GUIDE| used i
Data type Workpiece-(WPD) v]

However, the file type is still preset to
‘'workpiece (WPD)'.

v [ To open the list of file types, press the
: Name LONGITUDINAL_GUIDE ] .
. B —— <Edit> button. Select and apply the
Partprogram (MPE) type 'program segment (MPF)’.
¥ )

_Channel-user-data-(GUD)
"Compensation-data-(IKA)

Initialization-program-(INI)
‘ ZeroOfiselfFrame(UFR)

o (MPF = Main Program File)

‘r eeeeeeee Hard di

(Alternatively, you may select the
desired type directly by its initial

2 letter, "T".)
A template is not used in this case.
Name LONGITUDINAL_GUIDE ]
Data type |Part-program-(MPF) v]
Template [No template

OK
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Program [s00_wi | Ao Loro The editor in which the program is

[Z Channel reset Program aborted

written is opened.

LONGITUDINAL_GUIDEVLONGITUDINAL_GUIDE MPF The name of the Workpiece directory is
written in the headline, followed by the
name of the main program.

The first program line is selected.

eof = marks the end of the program
(end of file).

Contour Drilling Milling Turning Simulalion | .1 Jote

If . ditor LONGIT automatic block numbering is active on your control

Nige1 system.

. Programming is to be carried out
Ol Horizontal serolling ONIOFF without automatic line numbering.
Settings

[0 Show hidden lines

The control runs also without block
[0 Skip LF in program

T numbers and writing of a program is
| v | v;‘ :"v Interval between autom. backup to hard disk in 5 b .
; min. 0=No automatic backup more convenient without numbers.
Q'j -Automatic block numbering:
—- [JE=] Automatic block numbering ONJOFF You can add bIOCk numbers Ia'ter
Number of the first block: 100 automatically via <Renumber>.
Increment: 100
oK ] Accept the changed setting screen.
. o Delete the line number first created automatically.
Main pro... Editor LONGITUDINAL_GUIDEILONGITUDINAL_GUIDE.MPF 7 The semicolon marks a comment line.
; Main program longitudinal guidefl
=) i
-eof= To accept each program block, use the
<Input> key ...
If you like, you can specify, e.g. the
used tools in further comment lines....
; Tool list:
;. shell end mll 60mm
2 An additional space line (by 'Input’) is used for structuring the program.
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3.1.2 Tool call and tool change

Either you are using a control system
which manages tools with
plain-text names (see Section
2.2.1).

T="SMBO" ; Shaft milling'tool

The tool (T = tool) is selected with its
plain-text name which was assigned
in the tool management (operating
area 'Parameters’).

Gl7 Gb4 64 D0 @4 2

INFUT

Description of functions

G17 - Selection of XY plane

G54 - Activation of first zero offset

G64 - Approximate positioning. The target point of
atraversing block is not exactly approached,
but there is a little rounding to the
subsequent traversing path.

G90 - Programming of absolute dimensions

G94 - Fisused to program the feedrate in mm/min.

Or you are using a control system which
manages tools with T numbers
(see Section 2.2.2).

T17 : Shaft milling tool |#

INFUT

The tool (T =tool) is selected with its T number which
was assigned in the tool management (operating area
'Parameters’).

This case differentiation in the tool
management will later not be explained
once more in detail. Then you have to
change tool call yourself!

Notice:

With machines equipped with a tool changer, M6 will call the tool change.

3.1.3 Fundamental functions

These are fundamental functions which are explained
more in detail in the following overview:

These functions are often valid for a complete
program. Butitis proposed to carry out these funtions
at each tool change.

Functions of the same group

G18 - Selection of XZ plane
G19 - Selection of YZ plane

G55, G56, G57 - further zero offsets

G53 - Cancelation of all zero offsets
(non-modal)

G500 -Disabling of all zero offsets

G60 - Exact stop. The target point is approached
exactly. To this aim, all axis drives are
decelerated until they stop.

G91 - Programming of incremental dimensions

G95 - Fis used to program the feedrate in mm
(per revolution)

The functions of a group cancel each other. To see which functions are currently active, press the

softkey

G fet.+
transf.

in the operating area 'Machine’.




These are the first lines of the program!

[Editor LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE.MPF
; Main program longitudinal guidefl

1 . .
TISEI llshaitintllingftool nsart IDEYeY The firsttool was loaded and important,
G17 G54 G64 G902 G941 . .

: general basic settings have been
defined.

This tool with a width of 60 mm will now
be used to rough-mill the slot with a
width of 61 mm.

=eof=

3.1.4 Simple traversing paths without cutter radius compensation

& X110 YO In rapid traverse (GO0), the tool is moved first to its starting position in the plane XY.

110 = X value of the workpiece edge + cutter radius + safety clearance = 150/2+60/2+5

(The 2 key for accepting a program line is not given here in detail because of better legibility.
Accept each line manually by pressing the 2 key!)

Q0 Z2 S600 M8 MB Before the cutter is traversed to the required milling depth, position it on an intermediate
plane (Z2) above the workpiece surface.

This guarantees safety when starting up the program (if the workpiece zero or the tool
compensation were inadvertently set incorrectly). Furthermore, it is possible to
accelerate the spindle in this block and to turn on the coolant.*

S600 speed S =600 min-1
M3  tool rotates clockwise (CW rotation)
M8  coolantis turned on

* Caution: Alltechnological data used are only example values. Use your own empirical values
on the machine and observe the information provided in the tool catalog.

GO Z-10 In rapid traverse (GO), the cutter will go

¢ on traversing up to the required
machining depth.

Note:

r@] @ For reasons of safety, this traversing
o {‘;QS)Q o pzi[t: fsh(?julcl be realized as a G1 block
< eedrate:
oo wi
O 'O 'l

150
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S

Z100 Mb MD

"EMLG" ;

-110
& &)
. A A Y@h ~
OO o0
00
O )
-220

The cutter traverses at feedrate
(feedrate 400 mm/min) along a straight
line (G1) to the target point X-110
(absolute dimension referred to zero).

For G91 (incremental dimension),
X-220 would have been programmed
because the cutter traverses by

220 mm in the negative axis direction.

With rapid traverse (G0), the cutter is
traversed away from the workpiece in
Z direction. At the same time, the
spindle is stopped with M5 and the
coolant is turned off with M9.

Space line for structuring at the end of the machining with the shell end mill

End milling cutter

Gl7 G54 B4 D0 P4

& X85 Y22.5

&0 Z2 S500 MB MB

& zZ-10

Q

Y-22.5

& 7100 M6 MO
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D16mm

The two edges of the groove

(61 mm in width rough-milled

with a @60 shell end mill)

will be milled to dimension using the
16 mm end mill.

The same G functions as we had for the first
machining will also be used as the basis for machining
with the end mill.

150

In this first example, the contour is
finished without taking into account the
cutter radius automatically, i.e. the
center point path of the cutter is
programmed:

22.5 =61/2-16/2
X85 means 2 mm overflow.

With F200, the feedrate is selected less
than before with the shell end mill.

At the end, the workpiece is left at rapid traverse rate, the spindle is stopped and the
coolant is turned off.




= i LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE MPF Space line for structurin g

Lol T="SMEG” ; Shaft milling tool insert DE@mmYl B

G17 G54 G64 G9@ G941
GO X110 Yo1

:
B
g

If ... you only want to mill (not drill), or if you just want to have a closer look at the simulation
then you can end the progam now:

MBO M30 is used to end the part program.

When the program is executed, M30 will cause it to return to the beginning, and it can
be restarted. M30 has therefore always to be written in the last program line.

Simulation You can simulate the finished program ... (for
more details, see Section 3.1.7)

. ... and after quitting the simulation

Machine

... execute it in the operating area "Machine" in
AUTOMATIC mode (see Section 2.3.2).

To be able to supplement the program later by the drilling machining operations, select
the workpiece directory "LAENGSFUHERUNG.WPD" in the operating area "Program",
open it with <Input>, select the part program and open this with <lnput>.

Please make sure that the following program lines (see below: T="CD12" ...) are
inserted before the command M30.

3.1.5 Drilling using cycles and subroutine technique

Centering
T="CD12" ; Center drill 90° D12mm First, all twelve holes are to be centered.
1%}
Gl7 G4 (60 PO P4 When drilling, G60 (exact stop) is

used in order to ensure a high
degree of dimensional accuracy
for all holes.
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M10
0 i ;
o N 2 TN 4
LN ‘ l ‘ : |
- glol ‘ ‘
1T | T 80
o Lo
100
130

& X-65 Y40
& Z2 S500 MB MB

F150

Drilling

60

The holes can be divided into two
groups:

- 4 x M10 thread at the corners

- 2 single holes and
1 circle of holes in the slot

The positions of the first group are later
entered in a subroutine called
THREAD, those of the remaning holes
in the subroutine Al

Subroutines are useful here because
the positions are approached both for
centering, as well as for drilling and
thread cutting.

The first thread hole is approached at rapid ttraverse with a safety clearance (in the top
left corner of the screen), and the coolant is turned on.

The input of the feedrate is here not in the G1 block because all traversing paths of

machining are realized in one cycle:

Program |840D_Mi|l
[Z] Channel reset

| Auto |MPF!]

Program aborted

Drilling
LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE MPF 28,
ep hole
rilling
Hole pat-
tern pos.

Deselect
modal

"
T="EM16” ; End milling cutter DiEmm1
MBY

G17 G54 G4 G99 G941
GB X85 v22.5%

GO 22 S500 M3 Me1
Go Z-10%

G1 X-85 Fzoe1

Go Y-22.59

G1 X851

GO 2100 M5 M9T

.
T="CD12”
MeT

; Center drill 99° Di2mm%

G17 G54 GB@ G99 G941
GO X-65 Y401

GO 22 S500 M3 M81
Fi5en

=eof=

Re-.
translate

Contour Drilling Milling Tuming Simulation

Horizontal softkey for selecting the
main menu 'Drilling’

The associated submenus will then
appear on the vertical softkey bar.




Drilling
centering

(' Driing
2 2
0 =
1 =
(9)

-5.5 ®©
& B
5.5 ®

INFUT

)

Program |amu_M.|| | Auto |MPFD
[Z Channel reset Program aborted
SOMEEN -
Drilling/CYCLES2 Retract plane, absolute| -
Retract plane RTP
Ref. plane RFP
Safely dist. SDIs 1.000

Fin.dr.depth DP abs

Dwell time DTB 0000 s | Drilling
with stop

Retract plane RTP 2.000

Ref. plane RFP 0.000

Safety dist. SDIS 1.000
Fin.dr.depth DP | [Z]abs
Dwell time DTB 0000 s

The dialog box for the drilling cycle
CYCLES82 (drilling, counterboring)
is opened via the vertical softkey.

The cursor is positioned on the first
input field. The meaning of the field is
explained graphically in the help
screen, and in the yellow headline you
will find an appropriate text.

Some of the fields in the dialog box are
already assigned default values.

At first, change or supplement the first
three entries according to the values
given in the screenform.

* ... or here (because already loaded
with the appropriate default values)
simply |¥ or ©

INFUT

According to the drawing, the holes have a diameter of 10 mm and are to have a chamfer
of 1 mm in width. A 90° center drill must therefore be inserted 5.5 mm.

This "final drilling depth’ can be entered in two different ways:

Fin.dr.depth DP -5.500 abs

Fin.dr.depth DPR 5500 inc

ABS Absolute, i.e. the depth gauge
referred to the workpiece zero is
entered.

Here: -5.5 ABS

INC Incremental, i.e. relatively to
'reference plane’. Because only
one 'downward’ machining is
useful, a (negative) sign is not
entered for incremental depths.
Here: 5.5 INC

You can also change between ABS and INC with the <Shift> key | © or with the softkey
[Alternative] if the field 'Final drilling depth’ is selected.

| seLECT

Both input options are correct. The setting INC is, however, recommended for centering
because it is thus possible to center drill holes with one incremental depth on different

reference planes.

61




Dwell time

o

=

Modal
call

*__'\-_,:;‘

Lt

DTB

0.000

o

s The dwell time 0 can remain unchanged.
But do not close the dialog box too
quickly because ...

the text 'Dril/CYCLES82’ is displayed in the headline
of the dialog box, the cycle would be called in the
program only once.

In this case you still have to switch over to modal
efficiency.

The entry in the headline changes:
'DrillMCALL CYCLES82’

‘Modal’ means thata command (e.g. a G function, a programmed axis position or, as in this case, a complete
cycle) is effective beyond the block in which it is programmed. In the case of drilling cycles this would mean
that the block would be executed once again after each traversing path programmed after this block.

oK T="CD12"
MET

|G17 G54 G68 G98 G941

G@ X-6Z Y401

GB ZZ S50 M3 MBY

F1501

MCALL CYCLEBZ(Z,08,1,8,5.5,0)1

THREAD : Subroutine with coordi nates

Deselect
modal

drilling menu.
OK

; Center drill 98° DiZ2mm1 The cycle is accepted into the program.

If you want to change a cycle block, you
can do this via the softkey [Recompile] .

You will write the subroutine itself later. At this point it
is just called with its name. At all points approached
in the subroutine, the drilling cycle CYCLES82 is called
because of modal efficiency.

These two softkeys are used to disable the modality of the cycle, and you will quit the

(Alternatively, you can simply also type MCALL in the text editor. With this procedure, you
will not quit the drill menu. At the end of all drill operations, you will quit it with [A".)

orine Retract plane
cg;l::::gg Ref. plane
Safety dist.
v Fin.dr.depth
Dwell time
-10 . ®
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RTP
RFP
SDIS
DPR
DTB

2 000 Select the dialog box for the drilling
-10.000 cycle once again.
1.000 All inputs have been kept

5500 inc from the first call.

0.000 s If you have entered the

'final drilling depth’
incrementally (INC), you
have to change only the
value of the 'reference plane’.




-15.5 @

OK

| NTERNAL i

Deselect
modal

OK

G0 7100 M6 MWD

INFUT

T="TD8_5" ;
Vb6

Subroutine with coordinates

Tap hole drill

If you have entered the "final drilling depth’ absolutely
(ABS), you have to change it here as well.

Retract plane RTP 2.000

Ref. plane RFP -10.000

Safety dist. SDIS 1.000
Fin.dr.depth DP -15.500 abs
Dwell time DTB  0.000 [&]s

Final drilling depth absolute =
reference plane - final drilling depth
incremental = -10-5.5

Accept the cycle into the program.

Same procedure as with the subroutine THREAD

Same procedure as when centering the 4 thread

holes.

T="CD12"
MET

G17 G54 G6@ G98 G941
GO X-65 Y401

G0 22 S500 M3 Mg1

Center drill 90° DiZ2mm1l

[Fi5e1
|[MCALL CYCLE8Z2(2,0,1,8,5.5,0)1

THREAD 5
MCALLY
MCALL CYCLE8Z(2,-19,1,0,5.5,8)1

INTERNAL ; Subroutine with coordinatesMG1
MCALLY

G@ 2100 M5 M9

Subroutine with coordinatesfl

Tap-hole drilling

for MLO thread

Gl7 G4 B0 RO P4

&0 X-65 Y40
G0 Z2 S1300 M3 MB
F150

Retraction from the workpiece; spindle
and coolant OFF.

Empty line for structuring

For verification, the whole program part
for centering at a glance

The threaded holes M10 have a
28.5 mm tap hole.

A twist drill is used for
drilling.
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B Retract plane
Driling | Ref. plane
centering
Safety dist.
v Fin.dr.depth
Dwell time
0 -
v
()
-23x5
oK
THREAD ; s. a.
Deselect |
modal |
oK
& 7100 Mb MP
T="T_MLO" ; MLO tap
¢}

Gl7 G4 G50 R0
@& X-65 Y40
& Z2 S60 MB MB

Drilling Program IMUD_MiII

RTP
RFP
SDIS
DP
DTB

_2q

Call the dialog box (the same as for

2.000 ) -
centering) for the drilling cycle and
g:000 enter the values.
1.000 Thefinal drilling dept should be entered
e final drilling dept should be entere
0 Oooabs here absolutely (-23 ABS).
- s

The addition of 3 mm to plate thickness
results from the snap formula for taking
into account the point angle of 118°:

"Allowance = 1/3 drill diameter"!

Accept the cycle into the program.

Call of the subroutine with the positions of the four
holes.

Use these softkeys to disable the modality of the
cycle.

The known procedure at the end of a machining
procedure.

Tapping

G94 can be omitted here. The feedrate
results from the entered speed and the
thread pitch which is indicated in the
cycle.

[Z channel reset

Program aborted

Tapping

Rigid
( taplgilng { )

(e

Retract plane
Ref. plane
Safety dist.
Fin.dr.depth
Dwell time
Dir. of rot.
Axis
Selection
Table
Specific.
Lead
Spindle pos.
Speed
Speed refr.
Infeed

RTP
RFP.
SDIS
DP
DTB

SDAC
3rd geo axis
Right
Metric
M 10

PIT

POSS

SST

Tapping/CYCLE84 s,

peed for retraction
2.000 &

0.000 -

1.000
-24.000  abs

0.000 s

1.500
0.000
60.000

SST1 140000
One

Drilling is carried out without compen-
sating chuck ("rigid tapping"). This is
marked by the grey softkey text
"without compensation chuck".

M5

This cycleis also required to be modally
active (see MCALL in the headline).

64




( E)

0K

THREAD ; s.

Deselect
modal

OK

G0 7100 Mb MO

INFUT

T="TD10" ;
1Y5)

Twi st

Retract plane RTP 2.000
Ref. plane RFP 0.000
Safety dist. SDIS 1.000
Fin.dr.depth DP -24.000 abs
Dwell time DTB 0000 s
Dir. of rot. SDAC M5
Axis 3rd geo axis
bectich MR'QT“ If the entries in the "Table" and
Tab"’f _ etric “Selection" fields do not comply
Specific. M 10 with the given values, you can
Lead PIT 1.500 switch over with the key O
Spindle pos. POSS 0.000
60.000 . .
2pee: 22;1 120.000 A higher speed when retracting
peed refr. ; saves production time.
Infeed One|
Accept the cycle into the program.
Same procedure ...
... as for the tap hole!
Drilling through holes 10
drill D10mm Program lines for through holes

Gl7 (b4 B0 RO P4

& X-50 YO

& Z2 S1300 M3 MB

F150

MCALL CYCLE82(2,-10,1,-23,0,0)

I NTERNAL ;
MCALL

G0 7100 M6 MO

INTERNAL

The drilling cycle is also entered via
the softkeys and the input dialog.
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Close
editor

i git

Program  |840D__Mill

Z Channel reset

LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE.MPF
Go X-65 v4on

GO 22 S6B M3 Me

MCALL CYCLE84(2,0,1,-24,0,0,5,10,1.5,0,60,142)1

THREAD  ; s.a.

MCALLY

|co 2100 M5 Mow

h
T="TD10" ; Twist drill D1@mm%
Men

G17 G54 GE@ G992 G941

GO X-50 You

GO 22 S1300 M3 M8

F1501

MCALL CYCLES2(2,-10,1,-23,0,0)1
INTERNAL  ; s.a.1

McAaLLY

GO 2100 MS M9

a
M329
q

Contour Drilling Milling Turning

Drilling
centering
Deep hole
drilling
Tapping
Hole pal
po

Deselect
modal

Program  (840D__Mill

Z Channel reset

LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE.MPF

G0 Z2 SEB M3 Mgt
MCALL CYCLE8S4(2,0,1,-24,0,0,5,10,1.5,0,60,142)1
THREAD 5 s.a.9

McALLY

6B 2100 M5 Mo

.

T="TD1@”  ; Twist drill DiGnm%
MET

G17 G54 GEO 690 G4

6B X-50 Yo

G0 Z2 S1300 M3 MsY

Fi50%

MCALL CYCLES2(2,-10,1,-23,0,0)1
|INTERNAL  ; s.a.1

McALLY

GO 2100 M5 M91
a

M309
q

Contour, Drilling Milling Turning

Program JBMD_MiII MPFO

W channel reset Program aborted

T —
Name | Type |Loaded| Length| Date| Enable
WPD

=] BA_11 25/08/2003 X
(e} CHASSIS WPD 25/08/2003
(=) FLANGE WPD 25/08/2003
(=} IM_82 WPD 25/08/2003 X
[} ISLAND_MILLING WPD 25/08/2003
(e} LEVIER ‘WPD 25/08/2003
(=] LG_31 WPD 26/08/2003 X
E>  LONGITUDINAL_GUIDE  WPD 26/08/2003 X
B LONGITUDINAL_GUIDE  MPF 2022 26/08/2008 X
(=] MSPLINE_BC WPD 25/08/2003
(=] PALANCA_EN33196 WPD 25/08/2003
(=) PIASTRA_U154 WPD 25/08/2003
(] RSP2003 ‘WPD 25/08/2003
(=] TEST WPD 25/08/2003 X
=) TRANSFORM WPD 25/08/2003

 Free memory: Hard disk :

839.692.288 NCU: 1.662.216

Press the Input key to open a program with the text editor

If the drilling menu is still active
(because you entered the line MCALL
instead of creating it via the softkeys...)

... you can return to the higher-level
menu by pressing the <Recall> key.

The part programi is stored, and you will
return to the program management.




z
‘ QD

3.1.6 Creating a subroutine

New... ]

THREAD *©

INPUT.

A

oK
& X-65 Y40
Q@ X65 Y40
@ X65 Y-40
Q@ X-65 Y-40

Name Thread ]
Data type \P_a[t:lpmgram—(MPF)

Template [No template v

Name [Thread
Data type Part-program-(MPF) @
Template Part-program-(MPF)

Subprogram-(SPF)

Job-list

Channel-user-data-(GUD)
ion-data-(IKA)

Free memory: |nitialization-program-(INI)

662.216

< [ >

Tool-plan-(TOP)

Program - (840D_Mill | Auto
|2 Channel reset

PFO
Program aborted

[aili

| Type  Loaded|  Length| Date| Enable
[=] WPD 25/08/2003 X 1
] WPD 25/08/2003 i
(] FLANGE WPD 25/08/2003
(=] IM_32 WPD 25/08/2003 X
(=] ISLAND_MILLING WPD 25/08/2003
=] LEVIER WPD 25/08/2003
(] LG_31 26/08/2003 X

Thread
Data type } {SPF)
Template No template ¥

Hard disk : 839.692.288 NCU: 1.662.216

Free memory:

LONGITUDINAL_GUIDEA\THREAD.SPF

A
Q\\J/

130

(Vertical softkey in the program
management in the "Program”
operating area, see previous page)

The first subroutine is given the name
THREAD (see call in part program).

The file type "part program”, however,
is set by default.

Use the <Edit> key . to open the list
of the file types. Select the type
"Subroutine" and accept!

(SPF = Sub Program File)

(Alternatively, you can select the
required type via the first letter "s".)

The subroutine is created and the
editor is opened.

Now, write the program...

The four positions of the threaded
holes are approached with GO blocks
at rapid traverse.

The modal efficiency of the cyclesinthe
part program has the effect that the
appropriate cycle is executed after
each GO block (see page 62).
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ML7 60 X-65 V4 M17 marks the end of a subroutine
GB XB5 Y401 (cf. M30 at the end of a part program).
G2 X65 Y-429
GO X-65 Y-401
M179
o o Lest WPD Back to the program management
= LONGITUDINAL_GUIDE WPD
B LONGITUDINAL GUIDE  MPF 2022  Both part program (MPF) and
B THREAD Skt 8 subroutine (SPF) are parts of a
[ MSPLINE_BC WPD .
workpiece (WPD).
New... ] [ - Use the same procedure to create the
Name Internal .
oy TSNS subroutine INTERNAL ...
| NTERNAL ;% Template  Notemplate vl
LY
OK ]
& X-50 YO 5 ... and write the NC block for the
D

first position.

100

The circle of holes is entered as
already machining via a dialog

MPFO
Program aborted

Drilling J Program Isnnn_uin | Auto
[Z| Channel reset

Hole pat-
tern pos. bOX .
S Hole circle/HOLES2 Name of label for position repetition
Hole Name of label |
circle Center point cPA
Y Center point cPo
Radius RAD

Additional information:

INDA Angle STA1

Incr. angle INDA 0.000
STAY Number NUM 1.000

CPO|
RAD, j

By the way: It would have been
possible to enter all the other
positions also in this way (see
softkey [Arbitrary position]). Thisis a
question of the programming

style - as with ABS and INC.
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Crcle

20

0K

& X50 YO
ML7

Close
aditor

INFUT

INFUT

INFUT

INFUT

Name of label
Center point
Center point
Radius

Angle

Incr. angle
Number

GB X-50 YoM
Circle:1

CPA
CPO

STAI1
INDA
NUM

HOLESZ2(2,8,29,9,60,6)1

ENDLABEL : 1

Program  [840D__Mill |

Auto |MPFO

Circle
0.000
0.000

20.000
0.000
60.000
6.000

The position pattern includes a
name under which it could be
repeatedly called in different
places.

All dimensions result from the
drawing.

Accept the inputs of the dialog box into the program.

The lable name “circle:" and the line "ENDLABEL:"

frame the position pattern and form thus an own
subroutine.

[Z Channel reset

Program aborted

(SO Dilling Milling Turning

Arbitrary.
position

| Position
repetit.

Deselect
modal

Program  840D__Mill |

[Z] channel reset

Program overview

Free memory: Hard disk :

839.233.536 NCU :

[Name | Type |Loaded | _Length| Date| Enable
=] BA_11 WPD 25/08/2008 X
(=) CHASSIS WPD 25/08/2003
(=} FLANGE WPD 25/08/2003
[} M_32 WPD 25/08/2003 X
(=) ISLAND_MILLING WPD 25/08/2003
[m} LEVIER WPD 25/08/2003
(=} LG_31 WPD 26/08/2003 X
(=3 LONGITUDINAL_GUIDE ~ WPD 26/08/2008 X
[ INTERNAL SPF 191 26/08/2003 X
Bl LONGITUDINAL_GUIDE  MPF 2022 26/08/2003 X |
B THREAD SPF 63 26/08/2003 X
(=} MSPLINE_BC WPD 25/08/2003
[m} PALANCA_EN33196 WPD 25/08/2003
(=} PIASTRA_U154 WPD 25/08/2003
a7 RSP2003 WPD 25/08/2003
] TEST WPD 25/08/2003 X

1.662.216

Load
HD > NC
|
|| unload
NC -> HD
Manage
programs

Add the last drilling position and M17

for the subroutine end.

Back to the main menu of the editor
Back to the program management
Now mark again the main program

(type "MPF")
(LONGITUDINAL_GUIDE) ...
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... and open it with the <Input> key.

Program  |840D__Mill | Auto
Z Channel reset

|MPFO
Program aborted

INFUT

LONGITUDINAL_GUIDE\LONGITUDINAL_GUIDE.MPF

; Main program longitudinal guidefl e
o

T="sM6@" ; Shaft milling tool insert DE@mmil

Men

G17 G54 G64 G99 G941

GO X110 ven

Go 22 S600 M3 Ma1

Go 2-109

G1 X-110 F4e01
GO 2100 MS MoM
a

T="EM16” ; End milling cutter DiBmm1
Men

G17 G54 G64 G99 G941
GO X85 Yv22.51

GO 22 S500 M3 Msf
Go z-1e1

G1 X-85 Fzoo1

GO Y-22.51

G1 X851

Re-
translate

3.1.7 Simulating a program

Contour Drilling Milling Turning Simulation

Simulation program _[saoo_van | Ao |oro The simulation graphics is created and

[Z| Channel reset Program aborted

the workpiece is shown in top view (see
softkey with the ***tlrkisfarbenenem***
margin).

Channel/
Spindle

Seftings Workpiece zero and workpiece

Blank Active view

DBwihoumodel  © %Y dimensions, however, do not yet
®  Cuboi O zx
O ot | O vz correspond to the program to be
Blank dim., cuboid H
Xemin 100 { Y-min -100 { zmin 20 simulated.
X-max 100 Y-max 100 Z-max 1 .
Program coni : : Use the appropriate softkey to open
O skP: skip block iM MoO1: Prog. stop (¥l Displ. trav. blocks only N .
SBL1: Stop after each mach. fet. v the interactive screenform for the
e simulation settings.
@®  with tools
O  without tool data
vV vy EEE A . Enter the blank dimensions
L L L X-min -75 i Y-min -50 Z-min -20 . .
5 22 I | Vs £ izmpno (coordinates of the corner points)
-75 R .
of the cuboid.

>
" Xmin -75 Ymin -50 Zmin -20
Xmax 75 Ymax 50 Zmax 0

oK Accept the settings.

70




Program  840D__Mill | Auto

[Z| channel reset Program aborted

Channel 1 ToolT D

[AMove screen with arrow keys - screen size with +key and -key.
Close Time.

Program | Channell
simulation analysis

correct. | Spindle

The workpiece dimensions are now
correct.

Start the simulation!

you want to track a part of the
simulation very exactly ...

then use the softkey [Single Block] to switch to single block simulation.

The simulation will stop after each block; to continue, press [NC Start].

Pressing [Single Block] once more lets you return to subsequent block simulation.

You can relocate a certain part with the < Arrow Keys>, and with <+>/<->you can zoomit.

Simulation: Override 60%

[~override: - alter with +-.arrow keys. - 100 % with Select key

Program  840D__Mill

|_aw |
[ Channel reset

MPFO
Program aborted

Simulation LONGITUDINAL_GUIDE .MPF
X 50.000 v 0.000 |z 100.000

Seffings

Close Time
simulation analysis

Program | Channell
correct. | _Spindle

By using [Override] and <+>/<-> or
arrow keys, you can influence their
speed during simulation.

3D presentation at the end of the
simulation.
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Close
simulation

72

Close
editor

To quit the simulation press this softkey or the <Recall> key (.).

To quit the editor press the appropriate softkey.

= LONGITUDINAL_GUIDE WFPD

B DPWP INI
B INTERNAL SPF
B LONGITUDINAL_GUIDE  MPF
"B THREAD SPF

Program |8l0D_MiII

| Auto |MPFD

2] Channel reset

Program aborted

'Name |Type |Loaded | _Length| Date| Enable
WPD. 25/08/2008 X 2| g
|| HD >nNe

Sub- Standard

Press the Input key to open a program with the text editor
Part
programs | programs

=] BA_11

a CHASSIS WPD. 25/08/2003

(=] FLANGE WPD 25/08/2003

(=) IM_32 WPD 25/08/2003 X

[ ISLAND_MILLING WPD 25/08/2003

(=) LEVIER WPD 25/08/2003

(=) LG_31 WPD 26/08/2003 X

P> LONGITUDINAL GUIDE  WPD 26/08/2003 X
B DPWP INI 11650 26/08/2003
Bl INTERNAL SPF 191 26/08[2008 X
B LONGITUDINAL_GUIDE  MPF 2022 26/08/2008 X
Bl THREAD SPF 63 26/08/2003 X

(=] MSPLINE_BC WPD 25/08/2003

(=] PALANCA_EN33196 WPD 25/08/2003

(=) PIASTRA U154 WPD 25/08/2003

(] RSP2003 WPD

|Free memory:  Hard disk:  838.668.288 NCU: 1.662.216

Unload
NC -> HD
Manage
programs

The file DPWP.INI is created automat-
ically. Among other settings, it includes
the customer’s settings for the

simulation of the "Longitudinal guide".

Section 2.3.2 decribes in detail how you load the program into the NC main memory in
order to be able to start it afterwards in the AUTO mode in the "Machine" operating area
for machining.




3.2 Workpiece "Injection mold”

Using the workpiece "Injection mold" as an example, you will become familiar with the functions of the
control systems for path milling and pocket milling. We take it for granted that you have already
processed the example "Longitudinal guide" or are familiar with the subjects discussed in this context.
This chapter will deal with the following new subjects:

e Arcs

A % 2To (dimensioned using both Cartesian

t and polar coordinates)

aoho

 Milling with workpiece radius
compensation

95

» Rectangular pocket
(roughing and finishing)

75 — L

Y

300 » Circular pocket

100 50
| « Copying of a program part

25

I

(@]
(6,1
5

75 120 145
150

—O—
o]
N
w

3.2.1 Creating workpiece and part program

Keys /inputs Screen / drawing Description

Initial status:

( // ) Pre 840D__Mill Aute
Z o oo | o

(2

|MF'FD
[Z channel reset Program aborted

» "Program" operating area

Program 'M - | Ty d _ Length Date| Enabl i
( Program ) — T —— o « Workpiece management
( ) (] CHASSIS WPD 25/08/2003
Work- (=] FLANGE WPD 25/08/2003 .
piaces S WD 2s0e200e X (same procedure as for the workpiece
(] ISLAND_MILLING ‘WPD 25/08{2003 NC > HD
] LEVIER ‘WPD 25/08/2003 H 2 H H H
TS wep 20002008 X "Longitudinal guide" in Section 3.1)
] LONGITUDINAL_GUIDE WPD 26/08/2003 X m
(] MSPLINE_BC WPD 25/08/2003
(=] PALANCA_EN33196 ‘WPD 25/08/2003
(] PIASTRA_U154 ‘WPD 25/08/2003
(=) RSP2003 WPD. 25/08/2003 programs
] TEST ‘WPD 25/08/2003 X
s TRANSFORM ‘WPD 25/08/2003
‘Free memorv:  Harddisk:  838.668.288 NCU: 1.662.216
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New... ‘

I NDECTI ON_MOLD

Name In'|edion_Molg §

Data type |Workpiece-(WPD) v]

Name ‘INJEC’TION_MOLD
Data type ‘Pat_l‘—grogram-(MPF)

Program  (840D_Mill
2] Channel reset

| a’ |

MPFO
Program aborted

INJECTION_MOLDAINJECTION_MOLD.MPF

| Contour Drilling Milling Turning

;- Injection nmold with path mlling and pockets

74

Create a new workpiece directory for
the "injection mold".

Create the part program for the
workpiece "injection mold".

The program was created and the
editor opened.

(If necessary disable the automatic
block numbering via . / <Settings>/
¥ .../ |8 see Section 3.1).

seeer !

Comment line as the program header




3.2.2 Straight lines and arcs - path milling with cutter radius compensation

o L The material is to be shape'd by cutting
along the contour marked in blue by
means of a 20mm end mill.

The contour is to be approached at

point A.
75 Milling is carried out synchronously,
| @0 jr the cutter rotating CW traverses around
75 B - B — the contour in CW direction.

The distances to be traversed including
retraction and approach paths along
the contour are entered here directly in
the editor (as a basic exercise).

25 -
\ Of course, you could also enter the
A contour with the graphic contour

> 4 calculator in a subroutine (cf. contour
of the turned part "Complete") and

05 25 120 145 program the machining with the cycle
CYCLE72 ([Milling] > [Path milling] ...).
T="EM0" ; End mill D20nmm Tool call (configuration

with tool management)
1%}

Gl7 Gb4 G564 (DO (P4

Workpiece change

Basic settings
(see Section 3.1.3)

450 CFTCP G450 defines the approaching behavior at the starting point of the contour and the
behaviour when traversing along contour corners: As far as contour corners are
concerned, the appropriate traversing or approaching movements are carried out along
a circular path.

CFTCP (acronym for "Constant Feed Tool Center Path") defines that the programmed
feedrate refers to the cutter center-point path (not to the contour).

These commands (and of course all the other) are described in detail inthe online help,
which you can call - as described in the following - if your control system possesses a
hard disk:
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@ X-12 Y-12

G0 Z2 S1500 MB MB

& z-5

Gl 41 X5 Y5 F100
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Exit
help

Exit
help

Zom

G17 G54 GB4 G99 G941
G450 CFTCPY

ader - [pg_uk.pd]
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8.9 Approach and retract from contour, NORM, KONT. G450, G451
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89 Approach and retract from contour, NORM, KONT, G450, G451

EH Programmin, 9

21 woryt
KONTG450
KONT G451

Explanation of the parameters
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100
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crosaret | Nextentry Zoom

Page up | Page down
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Q.

150

Simply position the cursor on the
command on which you want to get
more information.

Then press @ 10 get a short
. . . W |

description and once again

the electronic programming manual.

You can navigate within the manual via
the softkeys, and afterwards you can
quit it again.

A point near the starting point A on the
contour is approached as the starting
position of the cutter in the XY plane.

Infeed motion in Z, speed, direction of rotation and

coolant ON

Outside the workpiece it is possible to infeed to the
milling depth at rapid traverse rate (or better at
feedrate: GL Z-5 F100, see page 57).

The contour is approached ... *

* A tangential approach of the point via an intermediate point at X5/Y6-12 (with G41 active)

would be better in view of the manufacturing technology. The procedure selected here
(angle between approaching path and first contour straight line < 180°, i.e. starting point
before the contour) is normally easier as regards the program: If the first contour element

is not paraxial, the exact intermediate point must be calculated.

See also the "intelligence" of the approaching strategy using G450/G451 and the option of

. _approach and retract paths.

processing with the path mill cycle CYCLE72 ([Milling] > [Path milling] ...), generating




A G41 turns on the cutter radius compensation.

The programmed coordinates (X5/Y5) do not refer to
the cutter center point path in case if compensation is
turned on, but to the contour.

G41 means: The cutter is -

viewed in the traversing
direction - left of the contour. \<

. . X5/Y5
A traversing path with the tool it
X5/Y5 right of the contour would be
programmed with G42:

X-12/Y-12
GL X5 Y75 First traversing path along the contour:
Vertically to Y75
& X25 Y95 |20 JO G2 - arc CW.:
5 25 XY Ab'solute dimensions of the end
point E
I Distance between A and M in
X direction
95 J Distance between A and M in
Y direction
I and J are the incremental center point
75 coordinates of the arc, referred to the
A M starting point A,
Alternatively, it is also possible to define the | e, 28
arc via the radius (CR = Cycle Radius): In this 7‘

case, however, an equality sign has to be
entered between the address CR and the
value (here 20) :

Q& X25 Y95 CR=20

{arcs > 180° (dotted line) would be program-
med with a negative radius value
(CR=-20).}

Gl X120 Horizontal line at X120
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Gl11 X120 Y75
& RP=20 AP=4

Gl X145 Y5

Gl X-12

G A0 Y-12

G0 Z100 Mb M

INFUT
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The following is known from the
following arc:

Center point P

Distance RP between the center point
(the pole) P and the end point E

Angle AP between the positive X axis
of the path from P to E

G111 is used to enter the (absolute!) coordinates of the center point (of the pole).

The dimensions of the distance RP (radius polar) and the angle AP (angle polar) in the
following G2 block are entered with an equality sign!

Line G1 to the bottom right contour
corner

Line G1 bypassing starting and end
points of the contour and away from the
workpiece.

Atthe corner formed by the two straight
lines, the command G450 just
programmed results in acompensating
arc of the cutter center path.

(Alternatively, G451 would extend the two straight lines of the cutter center path up to

the intersection point.)

X-12/Y5

X-12/Y-12

G40 - cancel cutter radius compen-
sation

Because the cutter is already outside
the workpiece, the radius compen-
sation can be carried out at rapid
traverse. The position X-12/Y-12 will
then refer to the cutter center point
again.

Retraction from the workpiece; spindle
and coolant OFF

Empty line for structuring




T="EMz8" ; End mill DZ20mm1l
MB1

G17 G54 G64 G99 G941
G450 CFTCP1

GO X-12 Y-121

GB 2-51

G1 G41 X5 Y5 Fiee1
G1 X5 Y751

Gz X25 Y95 IZ0 Jo1
G1 X1Z01

Gii1 X128 Y751

G2 RP=20 AP=41

Gi X145 Y51

G1 X-121

GO G48 Y-121

GB 2160 M5 M91

For checking the whole program part of
path milling at a glance

3.2.3 Rectangular pocket POCKET3

Or—7J

2

Z

O
@)
30°
9 _._\_
O*
0 75
T="EMLO" : End mll D10mm Tool call

VB

Tool change

Gl7 G4 G50 RO P4

Q@ X75 Y50
& Z2 S2000 MB MB

Basic settings

The rectangular pocket requires a
smaller cutter due to the corner
radius R9.

At first, the pocket is to be roughed
at the bottom and at the edge with an
allowance of 0.3 mm, followed by
finishing.

Both can be realized with the help

of the rectangular pocket cycle
(POCKETS3) ...

I

At rapid speed to the pocket center

Infeed at safety clearance, speed, direction of
rotation, coolant ON
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Roughing the rectangular pocket

F200 Although the feedrate F is defined within the pocket cycle, it is advisable to program it
already in advance: The value already defined in the cycle is no longer valid after the
end of the cycle; it could be possible that any following "single" traversing blocks G1,
G2, G3) would unintentionally traverse at the feedrate of the previously programmed
machining operation.

Milling As the drilling cycles for the workpiece "Longitudinal guide”, the input screen for the
Standard | rectangular pocket cycle is called via softkeys. To open the submenu on the vertical
pockely softkey bar, use the softkey in the main menu.

Rectang.

pockst

2 R The input fields for the pocket cycle go
2.00 ) X )
= Retract plane i d beyond the display area of the dialog

0 Ref. plane RFP 0.000 box

1 < Safety dist. SDIS 1.000 ' . . .

Pocket depth DP ~15.000 abs You can navigate within the dialog box

() Operation Roughing via thekscrollbar on the right or with the

155 Dimensions Center AITOW Keys.

NE Pocket length LENG 60.000 For the other entries (CRAD, etc.),

5 9 Pocket width wiD 40.000 please refer to the two screenshots on

(B = Corner radius CRAD 6.000 the left.

60 2 Ref. point PA 75.000 When selecting the maximum infeed depth

40 = Ref. point PO 50.000 MID, the safety clearance has been taken

Angle STA 30.000 into account up to Software Version 5.2.
Infeed depth MID 6.000 The 15.7 mm resulting from pocket depth,
Ein allowp EAL 0'300 safety clearance and finishing allowance
r ’ : are distributed equally. An infeed of 3 x
Fin. allow. FALD 0.300 . ;
200.000 5.233 mm is carried out whereby a plunge-
FEOCIREUITEED ght : cut of of 4.233 mm is carried out during the
Feedr. depth FFD D150.000 first cut.
Mill. direct. own-cut
Insertion Helix With Software Version 5.3 and higher, it is
. sufficient to have an infeed depth of 5; the
2.000 ’
Ead::s_ 52?1 2000 infeed is 3 x 4.9 mm.
epth incr. .
Infeed width MIDA 8.000 Independent of the software versionyou are
Solid machin. Ent.pocket gsing, you will be on the safe side with
mm.
oK | Press this softkey to accept the cycle into the program.

In the text editor, the cycle appears as follows:

Il

POCKET3{2,08,1,-15,608,40,6,75,50,38,6,0.3,0.3,200,150,0,21,8,,,,2,2)1
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S2400 F160

Rectang.
pocket

< iC

6 2

0K

Finishing pocket edge and pocket bottom

After having carried out the roughing cycle, the cutter returns to the starting point of the
machining. The same cutter is used for finishing.

Speed and feedrate for finishing.

Because you still are in the menu 'Standard
pockets’, after roughing you can call the dialog
box for the rectangular pocket directly via the

/
softkey. IJ
All fields still contain the values you
Retract plane RTP 2.000 ) X
have entered for roughing. The input
Rel. plane RFP 0.000 fields have therefore only to be
Safety dist. SDIS 1.000 chanaed y
Pocket depth DP -15.000 abs ged...
Operation Finishing Machining: Finishing
Dimensions Center Infeed depth MID: 16
Pocket length LENG 60.000 Feedrate surface FFP1: 160
Pocket width WID 40000 Feedrate depth FFD: 80
i 6.000 . L
C°mer_rad'us CRAD Notice: The values for the two finishing
Ref. point PA 75.000 . . 4
. dimensions are kept by the roughing
Ref. point PO 59000 cycle. Thefinishing cycle calculates the
Angle STA 80.000 irﬁ‘eec.j motion fror?1 tze finishin
Infeed depth MID 16.000 i dth fety cl 9
Ein. allow. EAL 0.500 ?A _ﬁ.vvar.lc?_ anII e §a ; ycC earsnce.
Fin. allow. FALD 0.300 illing is finally carried out to the

Feedr.surface FFP1 160.000 nominal size.

Feedr. depth FFD  80.000

Press this softkey to accept the finishing cycle into the program.

[POCKET3(2,0,1,-15,60,40,6,75,50,30,6,0.3,0.3,200,150,0,21,8,,,,2,2M1
|[S2400 Fi601

POCKET3(2,0,1,-15,608,49,6,75,50,30, 16,0.3,0.3,160,80,0,22,8, ,,,2,2M1

According to version and screen resolution, differences might occur in the presentation
of the cycles in the editor. It is therefore recommended to use the "Recompile" function
to carry out any changes in the cycle paramaterization.
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3.2.4 Circular pocket POCKET4

0

v

)

e
I

YA

oL
0
S2000 F200

Circular
pockat

B
2
2
&)
(SELmT
2
0O) 2
() &
2
2

25 ©

INFUT

OK
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Speed and feedrate for machining the pockets.

Select the dialog box for the circular pocket.

Retract plane
Ref. plane
Safely dist.
Pocket depth
Operaticn
Pocket radius
Center point
Center point
Infeed depth
Fin. allow.
Fin. allow.

Feedr.surface
Feedr. depth
Mill. direct.
Insertion
Radius

Depth incr.
Infeed width
Solid machin.

120

RTP
RFP
SDIs
DP

PRAD

PA
PO
MID
FAL

FALD
FFP1

FFD

RAD1

DP1

MIDA

2000 [&]
0.000

1.000
-10.000
Roughing
15.000
25.000
25.000
6.000
0.000
0.000

200.000
150.000
Down-cut
Helix
2.000
2.000
8.000
Ent.pocket

abs

All four circular pockets are identical,
apart from their position.

Atfirst the circular pocket in the bottom
left corner is to be programmed.

The other three pockets will be
generated by copying and changing
the first one.

Milling to size (in two steps):

- Machining "Roughing"
- Infeed dimension ... *
- No finishing dimension

All inputs can be found in the
illustrations on the left.

Press this softkey to accept the cycle for the first circular pocket into the program.




~}

Now it would be possible to call the dialog box for the second circular pocket cycle with
the softkey [Circular pocket]. As already described in the beginning, another procedure

will be exercised here.

Quit the menu for pocket milling.

3.2.5 Copying a program part

Mark
block

Program |E40D_Mi|l | Auto L‘

[Z Channel reset

INJECTION_MOLDAINJECTION_MOLD.MPF

G1 x-121
GO G40 Y-129
GO 2100 M5 M9

a
T="EM10" ; End mill Di@mm1
MeT

G17 G54 G2 G9O G941

G X75 vsen

GO 22 S2000 M3 M8Y

F2e01

|_2SD[2]1=0 ;*ROx1
POCKET3(2,0,1,-15,60,40,6,75,50,39,6,0.3,0.3,200,150,0,21,8, , , ,
S2400 F1601

|_2SDI21=8 ;*ROxM

POCKET3(2,9,1,-15,60,40,6,75,50,30, 16,0.3,0.3,160,80,0,22,8, , , ,
S2000 F2001
POCKET4(2,0,1,-10,15,25,25,6,0,0,200,159,0,21,8, , ,2,2)1

" o |

=eof=

Drilling Milling

Turning Simulation

Re-

translate

[Editor INJECTION_MOLD\INJECTION_MOLD.MPF
G1 X-121

GO G40 Y-121

GO 2100 M5 M91

1

T="EM10” ; End mill D1@mmtl
MET

G17 G54 GB2 G9O G9AT

G2 X75 vsen

GO 22 S2000 M3 Ms1l

F2001

_2SD[21=0 ;*RO*1

52400 F1601
_2SD[21=0 ;*ROx1

S2000 F2001 L v
J0CKETA(2,8,1,-10,15,25,25,6,0,0,200,150,0,21,8,,,2,2)9
1

=eof=

POCKET3(2,0, 1,-15,69,49,6,75,50,39,6,0.3,0.3,200,150,0,21,8, , , ,2,2)1

POCKET3(2,0,1,-15,60,40,6,75,50,39, 16,0.3,0.3, 160, 80,0,22,8, , ,,2,2)1

0|
A

<

Program  |840D__Mill | Auto LAPFO

[Z| Channel reset Program aborted

INJECTION_MOLDYINJECTION_MOLD.MPF
G1 X-129

GO G40 Y-121

GO 2100 M5 M9

1
T="EM10” ; End mill D10mm%
MET

G17 G54 G2 G9O G941

GO X75 vset

GO 22 S2000 M3 M8Y

F2001

|_2SD[21=0 ;=*ROx1
POCKET3(2,0,1,-15,60,40,6,75,50,30,6,0.3,0.3,200,150,0,21,8, , , ,
S2400 F1601

|_2SD[21=0 ;*ROx1
POCKET3(2,0,1,-15,60,40,6,75,50,39, 16,0.3,0.3, 168,80,0,22,8, , , ,
S2000 F2001
POCKET4(2,8,1,-19,15,25,25,6,0,0,200, 150,8,21,8, , ,2,2){i

1

=eof=1
|

Contour | Drilling Milling Turning Simulation

Delete
block

Re-
translate

The cycle for the circular pocket has
been accepted into the program. The
cursor is now in the next (empty) line.

Position the cursor on the program line
with circular pocket POCKETA4.

Press the vertical softkey [Mark block].

The cycle is marked with a different
color and the softkey appears inversely
(white on ***tlrkis***).
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Copy
block

Insert
block

Insert
block

Insert
block

eCll

Program  [840D_Mill
[Z| Channel reset

Program aborted

INJECTION_MOLD\INJECTION_MOLD.MPF

G1 X-129
GO G40 Y-121
GO 2100 M5 M91

1
T="EM10" ; End mill D1@mm1
MET

G17 G54 G6@ G99 G941

GO X75 Yson

GO 22 S2000 M3 M8l
o1

|_2SD[21=0 ;*ROx1

POCKET3(2,8, 1,-15,60,40,6,75,50,39,6,8.3,0.3,200,150,0,21,8, , , ,2,2)1
S2400 F1601

|_2SD[21=0 ;*ROx1

POCKET3(2,0,1,-15,60,40,6,75,50,39, 16,0.3,0.3,160,80,0,22,8, , , ,2,2)1
S2000 F2001

>0CKET4(2,0,1,-10,15,25,25,6,0,0,200,150,0,21,8, , ,2,2)1 .

1

=eof=

Marked text copied to buffer memory.

Contour Drilling Milling Turning Simulation § o ojate

Program  [840D_Mill
[Z| Channel reset

INJECTION_MOLDVINJECTION_MOLD.MPF

GO G40 Y-121
GO Z180 M5 M91

1
T="EM18” ; End mill Di@mm%
MET

G17 G54 GO G99 G94Y
G@ X75 Ysen
GO Z2 S2000 M3 M8

2
| ZSDr21=0 ;*ROx1
POCKET3(2,0,1,-15,60,490,6,75,50,39,6,0.3,0.3,200,150,0,21,8, ,,,2,2)1
S2400 F1601
_2SD[21=0 ;*ROx1
POCKET3(2,0,1,-15,60,48,6,75,50,30,16,0.3,0.3,160,80,0,22,8, , , ,2,2)1
S2000 F2001
POCKET4(2,0,1,-10,15,25,25,6,0,0,200,150,0,21,8, , ,2,2)1
POCKET4(2,0,1,-10, 15,25,25,6,0,0,209, 150,0,21,8, , ,2,2)1
] [l

Text from buffer memory inserted at cursor position

Drilling Milling Turning Simulation

translate

[Editor INJECTION_MOLDAINJECTION_MOLD.MPF
GO G40 Y-121
GO 2100 M5 M91

53 3

1
T="EM10”
ME1

G17 G54 G5@ G9O G9AT

GO X75 Yso1

GO 22 S2000 M3 M8t

F2001

_2SD[2]1=0 ;*ROx1

POCKET3(2,0, 1,-15,69,49,6,75,50,39,6,0.3,0.3,200,150,0,21,8, , , ,2,2)1
52400 F1621

; End mill D1@mm1

_2SDI21=0 ;*xROx1
POCKET3(2,0,1,-15,60,40,6,75,50,39, 16,0.3,0.3, 160,89,0,22,8, , ,,2,2)1
S2000 F2001 =
POCKET4(2,9, 1,-19,15,25,25,6,0,0,200,150,0,21,8, , ,2,2)1

POCKET4(2,9, 1,-19, 15,25,25,6,0,0,200,150,0,21,8, , ,2,2)1 I
POCKET4(2,0,1,-10, 15,25,25,6,0,0,200, 150,0,21,8, ,,2,2)1

POCKET4(2,0, 1,-19, 15,25,25,6,0,0,209,150,0,21,8,,,2,2)1

n o -

Use the appropriate softkey to copy the
cycle into the buffer memory.

Move the cursor back into the next
(empty) line and insert the cycle from
the buffer at this place.

Repeat inserting twice for the third and
fourth circular pockets.

Four identical circular cycles will be the
result.




0] 7 i Now you have only to adapt the parameters for the
g F/// X //// % position of the pocket with the three copied cycles.
The softkey [Recompile] recompiles the cycles shown

cryptically in the text editor again to the presentation
of the dialog box.

75

Based on the first pocket in the bottom left corner, the
other pockets are to be machined clockwise.

25

it
0 OF

» The pocket in the top left corner is at X25/Y75 ...

A .. POCKET4(2,@,1,-18, 15,25,25,6,8,8, Select the second cycle.
POCKETA(2,0,1,-10, 15,25,25,6,0,0, v
POCKETA(2,8,1,-18, 15,25,25,65,0,0
POCKETA(2,0,1,-18, 15,25,25,6,0,0

10,

19, e, Y,

wanstae Centerpoint  PA 25000  "Recompile” the cycle and
v ... Cenler point PO  75.000 change the value "center point
25 > PO". -
oK Press this softkey to accept the changed cycle for the

second circular pocket into the program.
» The pocket in the top right corner is at X120/Y75 ...
v POCKET4(2,0,1,-18, 15,25,25,6,0,8, Select the third cycle.
POCKETA(2,8,1,-18, 15,25,75,6,0,0,
POCKETA(2,0,1,-10,15,25,25,6,0,0
POCKETA(2,8,1,-18, 15,25,25,6,0,0

19,

10,

ne Center point PA 12.000 Make intentionally a mistake when entering the value
v Center point PO 75.000 ‘center point PA’ and "forget” the "0" of "120". This
12 5 mistake will be referred to for the simulation on the
next page.
75 >
oK Press this softkey to accept the changed cycle for the

third circular pocket into the program.
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Simulation
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Seftings

» The pocket in the bottom right corner is at X25/Y75 ...

POCKET4(2,0,1,-1@, 15,25,25,6,8,8, Select the last cycle..
POCKETA(2,0,1,-10,15,25,75,6,0,0
POCKETA(2,0,1,-10, 15, 12,75,6,0,0,
20CKETA(2,0,1,-10,15,25,25,6,0,0

Center point P 120.000 "Recompile"” the cycle and change the value 'center
Center point PO 25.000 point PA,

»

Press this softkey to accept the cycle for the fourth
circular pocket into the program.

POCKET4(2,8,1,-18,15,25,25,6,8,8, 1hen position the cursor on the next empty line.
POCKET4(2,0,1,-10,15,25,75,6,0,0,
POCKET4(2,0,1,-18,15,12,75,6,0,0,
POCKET4(2,0,1,-10,15,120,25,6,0,¢

5
S

The machining operation is finished: Retract from the workpiece; spindle and coolant
OFF!

End of program (if not yet written beforehand).

Call of the simulation to check the
programming

Program  |840D__Mill Auto |MPFD
2 Channel reset |Program aborted

N Rov [sBL1
o

T=0:00:00 £=0:00:00

22
=
==

Close Time Program | Channel/
simulation analysis correct. Spindle

Blnk . cbeid v o e The workpiece 'Injection mold’ has
X-max 150 Y-max 100 i Zmax 0

another zero point than the workpiece
programmed before.

The corners of the unmachined cuboid
have therefore to be adapted:

Xmin O Ymin O
Xmax 150 Ymax 100




Program
correct.

Program |84OD_MiII

MPFO

ke |

[Z Channel reset

Program aborted

Simulation INJECTION_MOLD .MPF

Channel 1

[MIMove screen with arrow ke

50

Tool EM10D1

- screen size with +key and -kes

Program |84OD_MiII

| Auto |MPFO

[Z Channel reset

Program aborted

0

50

Channel 1

[MIMove screen with arrow keys -

simulation

Program
correct.

Channell
Spindle

I’

[Editor
F2e01
_2SD[21=0 ;*ROx1

S2400 F1601
.2SD[21=0 ;*ROx1

S2000 F2001

GO 2100 M5 M91
M301
a

1
=eof=

1
POCKET4(2,0,1,-10, 15,25,25,6,0,0,
5,7

POCKET4(2,0,1,-10,15,12,75,

INJECTION_MOLD\INJECTION_MOLD.MPF

POCKET3(2,0,1,-15,60,40,0.5,75,59,39,6, ,,,200,150,0,21,8, ,,,2,2)1

POCKET3(2,0,1,-15,60,40,6,75,50,39, 16, ,0.3, 160,80,0,22,8, ,,,2,2)1

5,6,0,0,200,150,0,21,8, , ,2,2)1

POCKET4(2,9, 1,-19, 15,25,75,6,0,0,200,150,0,21,8, , ,2,2)1
6,0,0,200,150,0,21,8, ,,2,2)1

POCKET4(2,0,1,-10, 15,120,25,6,0,0,200,100,0,21,8, , ,2,2)1

53 2

<

Start the simulation.

If you detect a mistake in the
simulation like here in case of
the third circular pocket
incorrectly positioned, then:

stop the simulation, ...

... and activate the editor for correction.

The cursor is then directly in the line in
which you quitted the simulation (in this
case at the third circular pocket).
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Close
editor

Close
simulation

Close
editor
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Program  |840D__Mill

Correct the mistake, ...

[ Channel reset

INJECTION_MOLDYINJECTION_MOLD.MPF
|_2SD[2]=@ 5 *ROx1

S2400 Fi601
_ZSDE21=0 ;*ROxT

S2000 FzooN
1
POCKET4(2,0,

X 1
POCKET4(2,0,1,-10,
GO 2100 M5 M9
M301

Contour | Drilling Milling Tumning

POCKET3(2,0,1,-15,60,49,6,75,50,39,6,0.3,0.3,200,150,0,21,8, ,,,2,2)1

POCKET3(2,0,1,-15,60,42,6,75,50,30, 16,0.3,0.3,160,80,0,22,8, , , ,2,2)1

... and change again to the simulation
with [Close editor].

Program  |840D__Mill | Auto |MPFD

Z Channel reset |Program aborted

Setiings

Channel/
Spindle

Press this softkey or the <Recall> key (.) to close the simulation.

Press this softkey to quit the editor.

Later it will be explained more in detail how to load the
program into the NC main memory in order to be able
to start it afterwards in the mode 'AUTO’ in the
operating area 'Machine’ for machining (Section
2.3.2))
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4 Programming: Turning

In this chapter you will learn how to program the control systems
SINUMERIK 810D/840D/840Di, using the example of two simple
sample turned parts.

What we told already in the "milling chapter” also applies here: The
sample programs are only intended as an entry to give you a first
overview as regards the programming possibilities of the control
system.

If you have some experience, you can
optimize the programs later according
to your own requirements.

When dealing with the second shaft,
you will learn something about the SINUMERIK
contour calculator and functions for complete machining.

4.1 Workpiece "Shaft"

Using the workpiece "Longitudinal guide" as an example (blank @80, length 101), you learn the complete way
from the drawing to the finished NC program key by key. The following topics will be discussed:

« Structuring into workpiece, part and
D66 i
L‘u TG - g% subroutine
=Y 250 » Subroutine technique for contour
DiNzes ag’g description anq approaching of the
‘ tool change point.
+X i
250 A 20 e Tool call, constant.cuttlng speed,
‘ +7 fundamental functions
ﬁ?@(—\ ¢ Face turning
)J 2x45° « Cutting cycle CYCLE95
QWL :ﬁ?@ « Finishing with tool radius compen-
@@ ; .
& 1x45 sation
2x45°, e Thread undercut cycle CYCLE96
-77 -70-64 -56 . -44  -30 -20 0 » Thread cycle CYCLE97
100 | .
‘ » Grooving cycle CYCLE93
Y 5:1 1x45°
N . AT
S 3
5 {
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4.1.1 Creating workpiece and subroutine

O ~

Keys / inputs

(KD

Program l
Work-
( pieces )

Screen / drawing

Machine  |840D__Turn | Auto LAPFU

[Z] Channel reset

Current block

M30

0.000 @mm 0.000
0.000 mm 0.000
0.000 deg 0.000
0.000 deg 0.000

Program
control

Program aborted

Master spindle S1

Act. 0.000rpm

Set 0.000 rpm
Pos. 0deg.
100.0 %

Power

 Feedrate [mm/min]

Preselected tool:

Go1

Act. 0.000 100.0 %

G fet.+
transf.
Auxiliary
functions

Machine Iwn_Tum I Auto LAPF\J

- Channel reset

Position
X 0.000 @mm 0.000
z 0.000 mm 0.000
c 0.000 deg 0.000
wz 0.000 deg 0.000
M30

Parameter Services

Master spindle  S1

Act. 0.000 rpm

Set 0.000 rpm

Pos. 0deg.
100.0 %

=
| Tool
y

’Pmsallded tool:

Diagnosis

Go1

Power
g

Feedrate [nm/min]
Act. 0.000 100.0 %
Set 0.000

Program |awn_'rum | Auto L‘PFU

[Z] Channel reset

Program overview

x
25/08/2003
25/08/2003
25/08/2003 X
25/08/2003
25/08/2003
25/08/2003
25/08/2003 X
25/08/2003
25/08/2003 X
25/08/2003

ad
HD -> NC
Unload
NC -> HD
ave

programs

~ Name
(=] BA_11
{m} BOLT
(=) BULLONE_K24 WPD
[m} CHESSTOWER WPD
[} CoM_42 WPD
[} cveoiv, WPD
(=) EVANIKS WPD
[m} MUNON_EJE210 WPD
[} RECHUCK_PART WPD.
(=) SAVC WPD
(=} SHA_a1 WPD
[} SUPPORT_BASE WPD
Free memory:  Hard disk:  836.898.816 NCU:

Part

programs | programs

1.702.152

s:

Initial status:

Description

* Any operating area (here
"Machine") and mode (here

"AUTO")

« Channel status RESET, i.e. no
program is currently executed. If
not yet done, press the <Reset>
key to reset the control system
(see status bar in the top left

corner).

Change to main menu

The operating areas are displayed on
the horizontal softkey bar. The active
"Machine" operating area is highlighted

Use the appropriate softkey to change
to the "Program” operating area.

There are various program types which
are now displayed in the softkey bar.

The selected type "Workpieces" is a
directory in which all relevant data of a
machining task (part programs,
subroutines etc.) can be stored.

It is thus possible to structure all data

clearly.
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New... _ Create a new workpiece directory for
Name Shaft =] " "
SHAFT Data type ‘Workpiece-(WPD) V‘ th € S H A FT -

Enter the name of the workpiece (there
is no distiction between capital and
small letters).

Please observe that each name can be
used only once. (You have possibly to
choose another name.)

2 [ When working with the control system
Name Shaft . .
Dot 3 ;w‘,,k.,i.c. = @‘ keyboard, textand numerical inputs are

always accepted by pressing the yellow
<Input> key, and when working on the
PC - with <Return>. The "File type" field
receives the focus.

oK Because you want to create a workpiece (WPD = WorkPieceDirectory), you can accept
Al the file type without any changes.

[ An entry window will again appear for

Name ISHAFT ] . . . . .

banvpe IR saving files in the workpiece directory.

Template INo template 4 v]
The name "SHAFT" was taken from the
workpiece directory and 'Workpiece-
(WPD)’ can again be seen in the 'Data
type’ field.

CONTOUR & m— You want to enter the turning profile in
Name Contour i
Datatype  [Partprogram-(MPF) a subprogram.

Template [No template v

First overwrite the name with
"Contour", the name of the
subprogram.

Enter it by pressing on <Input>.
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Al

INFUT

0K

Name Contour ]
Data type (SPF) B
Template Part-program-(MPF) o A
Subprogram-(SPF) [y r‘
Job-list =
Channel-user-data-(GUD) =
ion-data-(IKA)
Free memory: Initialization-program-(INI) 702.152
ZeroOffset/Frame(UFR) Ll
Tool-plan-(TOP) v
Program |9um_Tum | Auto |MPF0
Z Channel reset Program aborted

Program overview

__IName |Type |Loaded | _Lengthl Date| Enable
=] BA_11 WPD 25/08/2003 X
& BOLT WPD 25/08/2003
(m} BULLONE_K24 WPD 25/08/2003
fia = CHESSTOWER WPD 25/08/2003
(=) cOoM_42 WPD 25/08/2003 X
[m} CYCDIV WPD 25/08/2003
[m} EVANIKS

Name [Contour ]
Data type |Subprogram-(SPF) @
Template [No template v|

Hard disk :

836.763.648 NCU: 1.702.152

Free memory:

Program  (840D__Tumn

[Z] Channel reset

SHAFT\CONTOUR.SPF

Drilling Milling Turning Simulation | AeC

Use the <Edit> key to open the
directory of the file types. Mark and
accept the type "subprogram"!
(SPF = Sub Program File)

(Alternatively, it is also possible to
select the desired type directly via the
first letter <s>).

A template is not used.

This editor in which the subroutine is
written is opened automatically.

The name of the workpiece directory is
written in the headline, followed by the
name of the program. The first program
line is selected.

eof = marks the end of the program
(end of file).
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If automatic block numbering is active on your control

Nieaf System
=eof=
= ditor = Programming is to be carried out
Settings I [0 Horizontal scrolling ONJOFF WIthOUt automatic Ilne numbermg'
B Sheohien D ‘ The control runs also without block
¥/L¥ aF L] SkpLF in program numbers and writing of a program is
SSE%T Interval between autom. backup to hard diskin more convenient without numbers.
min. 0= No automatic backup
Automatic block numbering: T YOU can a.dd blOCk numbers Ia.ter
]2l Automatic block numbering ON/OFF automatica”y via [Renumber]
Number of the first block: 100
Increment: 100
oK | Accept the changed setting screen.
- N Delete the line number first created automatically.

Gl8 B0 DI AMON  G18 defines the XZ plane as the machining plane (default for turning). G90 defines that
all coordinates are entered absolutely, i.e. referred to the workpiece zero point.

DIAMON means "Diameter ON", i.e. the X values are entered exclusively with reference
to the diameter (independently of G90/G91).

Alternatives: DIAMOF Reference to radius ... independently of G90/G91
DIAM90 Reference to diameter... with G90 active (abs. dimens.)
Reference to radius ... with G91 active (incr. dimens.)

2 The line is closed with <Input>. The cursor goes to the next line. (This key will not be
explained in detail once again).

The commands for the face turning of
the workpiece at ZO will later be entered

= — M30
- in the main program.
+X The subroutine starts with a G1
Gl X24 71 B . a0 command to a starting point in the
+7 extension of the chamfer 2x45°.

Please note: The X value refers to the
diameter!
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Gl X30 Z-2

Gl Z-20

Gl X40 RND=2.5
Gl X50 Z-30

< @50
N D40
S IM30
’
| . & » 20
| Dx45el | *L
44 30 -20 5

Approaching the contour of X24/Z1 and
the machining of the 45° chamfer can
be done in one block.

The turning tool traverses in X and Z by
3 mm each to the programmed position
X30/Z-2.

The G1 command from previous blocks is "modally effective". This means that all
subsequent blocks would traverse as straight lines, also without writing G1. (G1 will only
be canceled by a command for an arc G2/G3 or a rapid traverse movement). But G1 is

here always written because of clarity.

N Db
i D0
@50
G 40
fL.
& IM30
’
| . » D0
| 2x452| |_*Z
44 30 20 ]
. Db
i D0
@50
oo @40
S IM30
’
| & » D0
| 2x452] | _*L
44 30 20 ;

Horizontal skimming of the thread rated
diameter.

The X value 30 will be maintained from
the block programmed before, i.e. it is
"modally effective".

The thread undercut will later be
programmed as an independent cycle.

Vertical on X40. The transition to the
oblique line at X50/Z-30 will be rounded
with 2.5 mm (RND = Rounding).
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Gl Z-44 RND=2.5
Gl X60 CHR=1

GlL Z-70 RND=1
Gl X66 RND=1

Gl Z-75 RND=1
Gl X76

Gl X82 Z-78

ML7

ity

[G18 Go@ DIAMONT
X24 Z1

X380 2-2

Z_20

X4 RND=2.5
X50 2-324
Z-44 RND=2.51
X60 CHR=1
Z_7@ RND=11
X66 RND=11
Z-75 RND=11
X764

X82 2-78
M179

96

Program the other traversing paths along the contour!
CHR=1 generates a chamfer between the straight lines with a width of 1 mm.

(A chamfer whose length has been dimensioned would be programmed with the

command CHF.)

I® A
=S D66
7 Z I VD 60
@50
@80 09 240
Y IM30
|
H—Jp=—a @0
o 3 2x452] | ¢
2x45 1x45
-/5-70 -44  -30 -20 0
N Chamfer and tangential leaving of the
< %> contour
e
(] [
M17 marks the end of the subroutine.
80
2x452 1x452
-/5-70
& e The whole subroutine at a glance

; Start point1

; tang. approach path and chamfer1
; horizontal path 1

; vertical path and radius1

; vertical path and chamferf

; chamfer and exit pathil

Some program lines in the diagram on
the left include comments.
Comments in the program are marked
by preceding semicolon.

The character® marks the end of a line.

Of course, this contour could also
have been entered using thecontour
calculator (cf. contour of the turned

part "Complete").




Close
editor

TP ©

INFUT

0K

Program |awn_'rum | Auto L‘PFU

[Z] Channel reset

Length|

(=] BULLONE K24
[} CHESSTOWER WPD.
(=) COM_42 WPD
[m} cYcov WPD
[} EVANIKS WPD
=) MUNON_EJE210 WPD
(=) RECHUCK_PART WPD
[m} SAVC WPD
[} SHA_41 WPD.
=4 SHAFT WPD
B CONTOUR SPF
[} SUPPORT_BASE WPD
[} UMSPANNTEIL WPD
(=) WELLE1504 WPD
Free memory:  Hard disk : 836.145.152 NCU :

25/08/2003
25/08/2003
25/08/2003
25/08/2003
25/08/2003
25/08/2003
25/08/2003
25/08/2003
26/08/2003
26/08/2003
378 26/08/2003
25/08/2003
25/08/2003
25/08/2003

EF |Name | Type | Loaded | Date Enable
WPD

X

X XXX X

Load
HD -> NC
|| unload
| Ne->HD
Manage
programs

1.702.152

Save
setup data

Data type |Subprogram-(SPF)

Template [No template

&0 Gl8 (A0 Gb00 (PO X400 Z600 TO DO N7 S300 M4 WP

ML7

Close
editor

It is traversed...

- at rapid traverse (GO0),
- in the XZ plane (G18),

The subroutine is stored, and you will
return to the program management.

Depending on:the configuration of your
control system, you can also store your
program.in the meantime via softkey, or you
will be asked when closing it whether you
want to store the program.

Use the same procedure to create a
subroutine "TCP".

This subroutine will later carry out the
approach to the tool change point and
is called at each tool change.

Copy these two program lines! At the
end of the first line, press £ to accept
them. At the same time, the cursor will
go to the next line.

- with the tool radius compensation deselected (G40)
- in the machine coordinate system (G500)
- to the absolute position (G90) X400/Z600.

This position refers to the toolholder (TO DO). The tool compensations are disabled.
Because the axes of some machines are only traversed when the spindle is rotating,
the speed (G97 S300) and a direction of rotation (M4) have to programmed. The coolant

is turned off (M9).

M17 marks the end of the subroutine.

Store the subroutine by closing the editor.
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OK

TCP

INFUT

98

Name SHAFT oy
Data type Partprogram-(MPF) v
Template No template ol v

Program  (840D_Turn

[ - The part program "SHAFT" is created.

[Z| Channel reset

SHAFT\SHAFT.MPF
[

; Move tool hol der to change poi nt

Selection of the subroutine for appproaching the tool
change point and optional comment.

Depending on how your control system is configured, there are different ways how to call the tool:

Either you are using a control system
which manages tools with
plain-text names (see
Section 2.2.1)

T="RT1" D1 ; Roughing tool 80° RO.8

The tool (T = Tool) is selected
with its plain-text name

"Roughing 1" which has been as-
signed in the tool management
(operating area "Parameters")

or you are using a control system which
manages tools with T numbers
(see Section 2.2.2) ...

T1 D1

=%
INFUT

; Roughing tool 80° RO.8

The tool (T =tool) is selected with its T number which
has been assigned in the tool management (operating
area 'Parameters’). This number corresponds to the
turret location of the tool (here: location 1) .

Notice: This case differentiation in the tool
management will later not be explained
once more in detail. Then you have to
change tool call yourself!




(6 S250 LI MS=3000 Mt MB G96 enables the constant cutting rate, i.e. the cutting

2 tool cuts - independent of the diameter on which it is
located - by 250 m/min (see Section 1.2.3). Because
the speed would be infinite, a limit speed is always
programmed together with G96 (LIMS for limit speed),
here 3,000 1/min.

M4 defines the direction of rotation CCW (viewing
direction "back from the chuck") .

M8 turns on the coolant.

Gl8 Gb4 (0 These are some further fundamental functions which will be explained more in detail in

2 the following overview. These functions often apply to a whole program ("modal
efficiency"), and they can be written in the program header once. But it is better to
implement these functions at each tool change.

This is especially true for the complete machining on turning machines where several
technologies (turning, drilling, milling) occur on different machining planes in

combination.
Description of functions Decsription of functions of the same group
G18 - Selection of the XZ plane G17 - Selection of the XY plane

G19 - Selection of the YZ plane

G41 - Tool radius compensation left of the contour G42 - Tool radius compensation right of the contour
G40 - Selection of tool radius compensation

G54 - Activation of the first G55, G56, G57 - Further zero offsets
zero offset G53 - Cancelation of all zero offsets
(non-modal)

G500 -Disabling of all zero offsets
G90 - Programming of absolute dimensions G91 - Programming of incremental dimensions

G94 - Linear feedrate in mm/min
G95 - Revolutional feedrate in mm/rev. (default for milling)
(default for turning; with G96 active, G95 is

enabled automatically) G97 - Constant speed

G96 - Constant cutting rate (for drilling and milling operations)
(for turning)

The functions of a group cancel each other. To see which functions are currently active, press
the softkey €+ in the "Machine" operating area.

transf.
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These are the first lines of the program.

IEditor SHAFT\SHAFT.MPF 6

TCP  ; Move toolholder to change pointfl Il

1 . .
s hanes th it o | The toolholder is at the change point,
o - the first tool has been loaded and

=eof=

important general basic settings have
been defined.

The workpiece will now be faced with
the roughing tool.

4.1.3 Face turning

&0 X84 Z0.2

& Z2
G0 X80

100

Atfirst, the cutting tool is moved at rapid
traverse (GO) from the tool change
point to a position 2 mm above the

H workpiece.
@84

0.2 mm allowance is taken into account
at the face side for finishing.

The 2 key for accepting a program line is
not given here in detail because of better

legibility. Accept each line manually by
\J pressing the i key!)

o

+X Facing is realized at feedrate.

When doing so, the tool traverses in the
X direction according to the cutter
radius across the turning center
(negative X-value):

% Cutter radius 0.8 times 2 for the
QY I . A
Q/ | @1.,6 diameter coordinate: X-1.6

0,2

Retraction from the workpiece
Intermediate point near the starting point for subsequent roughing cycle.

The starting point itself is calculated by the control system. Because it could be
approached from the current position Z2 without collision, the block GO X80 Z2 is only
intended for better legibility of the program or for safety reasons in the case of program
changes. It can also be dropped.




4.1.4 Cutting cycle CYCLE95

Turning

Stock
removal

CONTOUR  ©

INFUT

OK

Program  (840D__Tumn

| A hero

2 channel reset Program aborted

CP  ; Move toolholder to change pointfl

"
T="RT1" D1 ; Roughing tool 82° RO.81
G96 S250 LIMS=3000 M4 MSY

Milling

Turning

Program |eum_1'um | Auto |MPF0

Z Channel reset

NPP
Operation Roughing
Selection Long.
Selection Outside
Selection with rounding
Infeed depth  MID

Fin. allow. FALZ 1.000
Fin. allow. FALX  1.000
Fin. allow. FAL 0.000
Feed roughing  FF1

Feed plunging  FF2

Dwell time DT 0.000
Path length DAM  0.000

Retract. path VRT 0.000

NFPP

Operation

Selection

Selection

Selection will
Infeed depth MID
Fin. allow. FALZ
Fin. allow. FALX
Fin. allow. FAL

Feed roughing FF1
Feed plunging FF2

Dwell time DT
Path length DAM
Retract. path VRT

||CYCLE95(”CDNTDUR”.3.8.2.8.5.8.3.8.3.8.2. .1.0,0,1)1

CONTOUR
Roughing

Long.
Outside

h rounding
3.000
0.200
0.500
0.300
0.300
0.200

0.000
0.000
1.000

The main menus are on the horizontal
softkey bar.

By pressing the softkey [Turning] you
can see submenus for the various
turning cycles on the vertical saftkey
bar.

The dialog box for the cutting cycle
CYCLE95 is opened by pressing the
vertical softkey.

The cursor is positioned on the first
input field. The meaning of some fields
is explained graphically in the help
screen, and in the yellow headline you
will find an appropriate text.

The name of the contour subroutine
must be entered in the first field.

Change or supplement the entries
according to the values given in the
screenform.

Select here the rough-machining
"roughing".

Finishing will later be carried out
separately simply by running the
subroutine "CONTOUR".

The cycle is accepted into the program.
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Re-

Turning 1 I Simulation I

TCP

INFUT

Press the <Recall> key to quit the menu with the
turning cycles.

| If you want to change a cycle block later, you can do

franslate |

this via the horizontal softkey [Recompile].
Call of the subroutine for approaching the tool change
point.

An additional empty line at the end of machining with
the cutting tool serves for structuring.

4.1.5 Finishing

T="FT1" D1 ; Finishing tool RO.4

&6 S320 LI M5=3000 M4 MB

Gl8 G4 (N0

& X32 Z0
Gl X-0.8 FO.1
& 72

&0 A2 X22 72

CONTOUR

G0 A0 @1 X2

Tool call

Cutting rate for finishing
320 m/min

Fundamental functions for machining

Face turning of end face to size
X-0.8 considers the cutting radius R0.4

Retracting from workpiece

Approaching near the starting position for the finishing
traversing paths of the subroutine "CONTOUR".

At the same time, G42 enables the tool radius
compensation right of the contour.

Call of the subroutine that contains the finishing
contour

At the end (here to exercise once incrementally with
G91 and DIAMON) 1 mm are removed from the
workpiece.

At the same time, the tool radius compensation is
turned off (G40).

If ... you want to simulate the progam...

MBO

The simulation expects the command M30 for marking the end of the program. The

simulation would take place even without M30, but then an error message would be
provided. It is therefore recommended to write M30 before the simulation is called for

the first time.

102




Simulation

Settings
Y LY

80 | ®

INFUT

oK

Program |s4nn_'rum Auto

| Channel reset

|MPFD
|F’rogmm aborted

| \RQVJSBU

a ) T-0:00:00 £-0:00:00

Main spindle ToolT D

Close Time Program Channell |
simulation analysis correct. Spindle

Blank

[0 without model

®  Cylinder

Blank dimensions cylinder

Outside diameter 80
Inside diameter o

Generation diameter Z-min -100

Per. surface 80 i Z-max 1
Program control
| 'O  IsKP: Skip block

{&" M1: Prog. stop |[A] Displ. trav. blocks only |
i SBL1: Stop after each mach. fet. vl

Tool data
©  with tools

O without tool data

Program  |840D__Turn Auto
[Z| channel reset

MPFO
Program aborted

'?Q'.,P—\Rov[ssu |

w0

T-0:01:59 E-0:02:12

Seftings

Time. Program | Channell
analysis correct. Spindle

) ]

G96 S250 LIMS=3000 M4 Ms1 A
G18 G54 G901

GO X84 20.21

G1 X-1.6 F@.321

GO 22 1

Go xso1

||CYCLE9S(”CONTOUR”,3,0.2,0.5,0.3,0.3,0.2,,1,0,0,1)1

| TCPY |
1

T="FT1” D1 ; Finishing tool RO.41

G96 S320 LIMS=3000 M4 M81

G18 G54 G901

GO X32 Ze1

G1 X-0.8 Fo.11

GO 229

GO G42 X22 Z21

CONTOURT

GO G40 G91 Xa1

3l

M301

v

Call the simulation screenform.

The workpiece dimensions normally do
not yet correspond to the programto be
simulated.

Press this softkey to open the dialog
box for the simulation settings. Enter
the blank dimensions (diameter and

length):

Outer diameter: 80
Z-min: -100
Z-max*: 1

* Allowance for facing

Accept the settings.

Press the softkey [NC Start] to start the
simulation.

You can change between single and
subsequent block simulation with
[Single Block].

Various views are offered to choose
from.

Finally, quit the simulation window with
the <Recall> key.

Please note that the following program
lines must be inserted before the
command M30.
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nd subroutine

If ... program foaon_Tam | awo | If you have detected an error in

Wt — the simulation which is to be
found, e.g. in the subroutine
"CONTOUR" ...

Simulation SHAFT.MPF

[~IMove screen with arrow keys - screen size with +key and key
Close Time Channelf.
simulation analysis L Spindle

Quit the simulation with <Recall> key.

Use the extended softkey bar to load
Open 2nd : the subroutine "CONTOUR" as the
file

editor

Gz amme(  Second file into the editor where you
can change it.

Renumber Settings

progam [osoo_rum | Ao |y In this case, the minus sign of the
| Channel reset Program aborted .
Z value was obviously forgotten.

CYCLE9S(”CONTOUR” ,3,0.2,0.5,0.3,0.
3,0.2,,1,0,0,1)1
TcP

a
T="FT1” D1  ; Finishing tool RO.4 _
L

G96 S320 LIMS=3000 M4 M8
G18 G54 G9OY

X32 2e1

G1 X-0.8 F@.19

229

GO G42 X22 z2%

'CONTOURY

GO G40 G91 X291

i

M321

Contour Drilling Milling Turning

progam [o_tum | Ao | The missing minus sign was inserted.

Z Channel reset Program aborted

 [Editor SHAFT\SHAFT .MPF

' @ x04 20,20 Please note that any changes in this
ot X3 220 Gz .
Save o1 2200 G xeon second file are not accepted automa-
- G1 X4@ RND=2.51 (CYCLE9S(”CONTOUR”,3,0.2,0.5,0.3,0.
. file G1 X590 2-Bon 3,0.2,,1,0,0,1)1

G1 2-44 RNIB:Z.SI TCPU tica”y-

G1 X6@ CHR=11

"
T="FT1” D1  ; Finishing tool RO.4 _
"

9 5320 L1H-3080 Ha MG First, the file has to be stored per

G18 G54 G921
X32 2e1
54 xep.o Faide softkey.
221

GO GA2 X22 Z29
(CONTOURY

GO G4B G91 X29
i

Contour Drilling Milling Turning Simulation.d® .\ clate
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Simulation

{ )

Close
editor

You should also make sure that the
main program ("SHAFT.MPF")
receives the focus again before the
simulation is called once again.

Go 22 1
Go X8o1
CYCLE9S("CONTOUR”,3,0.2,0.5,0.3,0.

302,100,100 In this respect it is not important for
R SRR starting the simulation in which line of
W .

A the program the cursor is.

G x32 zen
Gl X-0.8 FO.11
229

Go

GO G42 X2z Z29
CONTOURY

GO G40 G91 X21
a1

If there still is an error in the simulation, you should generally use the <Recall> key to
quit the simulation window and not [Program correct.] since the latter function only allows
the editing of the main program.

If, finally, the subroutine is correct, position the focus on the subroutine window and
close it with the softkey.

4.1.7 Thread undercut acc. to DIN76

&0

Q@ Z-10

FO. 07

FIEAEEE After you have carried out the
Eguﬁw:j i:: "digression" as described in Section
N iy | 4.1.6, you should now have the only

main program in the editor.

The traversing path in the last block was programmed incrementally (G91).
Use G90 to switch over to absolute programming!

A position is approached at rapid
™ ) traverse from which the starting
/ M30 position of the undercut can be reached
\

wihout crash.

o Feedrate 0.07 mm/revolution

>

@0

|
@
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Turning

Undercut

F
( asco

|

&0 X82 Z2
TCP

INFUT

106

)

Program  [840D__Tum | Auto
[Z| Channel reset

UnderculiCYCLES4 Stariing point along

facing axis
Start. point SPD

Start. point SPL
Form FORM E

Pos selection

Thrd. undercut Definition of form A, B, C or D
Nominal diam. DIATH  30.000
Start. point SPL -20.000
X
Form FORM Bl (=]
Pos selection _VARI 0

DIATH

Select the appropriate softkeys to call
the input window for the undercut cycle.

A distinction is made between form E
and F (according to DIN 509) and form
A,B,C,D (for thread undercuts
according to DIN 76).

If necessary, use the softkey to switch
over to [Form A,B,C,D].

A thread undercut FORM B is to be
turned at nominal diameter 30 and
reference point Z-20.

Press this softkey to accept the cycle into the

program.

Quit the menu "Turning".

Approaching a safe intermediate position and
approaching the tool change point

An additional empty line for structuring




4.1.8 Thread cutting cycle CYCLE97

~ After the undercut, the thread M30 is
DIN7 4 turned.
/ M30
!

According tothe standard, the undercut
is 9 mm in width. The dimension is
givenin brackets in the diagram just for

+X ) t
a é’% 20 orientation.
+Z
2x45°
-20 (-11) 0
T="Thread" D1 ; Thread cutting tool Tool call
96 S200 LI Ms5=3000 MB MB Technological data: In

order to produce a
right-hand thread, the
cutting tool has to be
installed "the other way
around" in the turret.
Thus, the spindle has

to rotate clockwise (M3).

Gl8 G4 (PO

@ x40 z7 .
Fundamental functions

At rapid traverse from the tool change point near the
starting point for threading cycle.

According to the standard, an M30 thread has a pitch
of 3.5 mm. General rule for the thread run-in path:
approx. 2 - 3 x pitch (2 x pitch was selected here)

Turning 1 Program |840D_Turn | Auto |MPFO

. Channel reset Program aborted

Thread ‘

Thread
cutting
Thread cutting/CYCLES7 Select thread table

Alter-
nafive

Table Metric] &
as thread size MPIT !
as value PIT i
S Start. point SPL N
SPL End point FPL
FPL Diameter 1 DM1 L
Diameter 2 DM2
'Q\!'\ Runin path APP 3.000
- TDEP Runout path ROP 3.000
RoP | D Thread depth  TDEP
=4 Fin. allow. FAL 1.000
DM2 [%&‘E Infeed angle IANG 0.000
Start pt.offs NSP 0.000
z Cuts NRC 1.000
Noncuts NID 1.000
Seleclion Qutside
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(1)

SELECT

Y

30 ©

INFUT

OK

Q0 X40
TCP

INFUT

Simulation

4 >
A Y

108

Table Metric
as thread size MPIT 30.000
as value PIT 3.500
Start. point SPL 0.000
End point FPL -11.000
Diameter 1 DM1 30.000
Diameter 2 DM2 30.000
Runin path APP 7.000
Runout path ROP 6.000
Thread depth TDEP 2.273
Fin. allow. FAL 0.100
Infeed angle IANG 0.000
Start pt.offs NSP 0.000
Cuts NRC 8.000
Noncuts NID 1.000
Selection Outside
Selection Const. infeed
No.of threads NUMT 1.000
Retract VRT 0.000

G 2-101
F@.071

CYCLE96(30,-20,"B" )1

6o %82 Z21
|TcPa

L
T="THREAD"

; Threading toolf

G96 S200 LIMS=3000 M3 M81

G18 G54 G901
Go X40 Z71

CYCLE97(3.5,30,0,-11,30,30,7,6,2.273,0.1,0,08,8,1,1,1)1

GO X401
TCP1

Program  [840D__Tumn
% Channel reset

Ade ko

M
|Program aborted

ROV |SBL1

i "
X__82.000

Program
correct.

Spindle

Enter the values for the threading
cycle.

According to the standard, some
values result from the nominal
dimension.

The inputs for the thread pitch PIT and
the thread depth TDEP are thus
implemented automatically.

End point and run-in path are added
resulting in atraversing pathin Zto-17.
Using the simulation, you can check
whether this dimension is correct. But
consider also the actual geometry of
the cutting tool.

The last two last entries in the input
window "scrolled" down.

Use these softkeys to accept the cycle
into the program and to quit the
program.

Approaching a safe intermediate
position and movement to the tool
change point.

Empty line for structuring

The screenshot shows the program
overview for the last two working steps
(thread undercut and thread).

Call of the simulation to check the cycle

Use the arrow keys <+>/<->to zoom
the area in which the thread is
machined.

Start of the simulation

The machining of the thread is represented
using a different:color. The selection of the
colors can be configured via [Settings] >
[Display & colors ...].




4.1.9 Grooving cycle CYCLE93

Then produce two undercuts.
Y 7°1 To do so, use the procedure already
1x45° known:
f | * Tool call
4 .
- 3  Technological data
(& ; -64 -56
» Fundamental functions
» Rapid traverse
positioning
_ near the
T="Gr_3" D1 ; Grooving tool 3mm left cutt. edge first plunge-cut
&6 S200 LI Ms=3000 M4 MB
Gl8 G54 @0 » Feedrate
Q0 X64 Z-40 + Cycle call
FO. 05
Turning Selection Long) Enter the values for the first plunge-cut.
@ ‘ Selection Outside
Start point ight . N
& po'f' L In this respect, the following is to be
Start. point SPD 60.000 observed:
Start. point SPL -56.000 )
Width WIDG 4.000 In the fields "Radius / chamfer", a
Groove depth DIAG 3.000 negative sign indicates that "chamfer"”
Angle STA1 0.000 has been chosen.
0.000 i . o
:z:ant ang:e ; ::2; 0.000 A chamfer can be defined either via its
T an _?ng € co1 1'000 width or its length. The selection "CHR"
ranst. : defines that the entries are interpreted
Transit. coz2 -1.000 " - .
s - 0.100 as "chamfer width": (according to the
Finsit, RI2 0.100 dimensioning in the drawing 1x45°).
Fin. allow. FAL1 0.000
Fin. allow. FAL2 0.000 . . _
The interrelation between the two fields
Infeed depth IDEP 3.000 "selection" and "starting point" is shown
Dwell time DTB 0.000 in the following help screen:
Selection CHR
Retract VRT 0.000
X4 ) long., outside, left XA j—\ long., inside, left X i face, outside, top x4 lj face, inside, top
e -7 ————————. -7 —t—————— -7 e e ——t-7
X4 \J long., outside, right XA long., inside, right X E. face, outside, bottom |x§ 3 face, inside, bottom
e -7 el -7 e -~ S s e -7

W START
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o |

Groove ‘

Start. point
v Start. point
Width
-64  ©
Groove depth
oK
Editor SHAFT\SHAFT.MPF
TCP ; Move toolholder to change pointf
Ll
T="RT1” D1  ; Roughing tool 83° R@.81

G96 5250 LIMS=3000 M4 M81
G18 G54 G901

GB X84 Z20.21

Gl X-1.6 F@.321

6o 22 1

6o Xsaq

CYCLE9S(”CONTOUR” ,3,0.2,0.5,08.3,0.3,0.2,,1,0,08,1)4
TCPY

L]

T="FT1" D1  ; Finishing tool R@.41

G96 S320 LIMS=3200 M4 Mg1
G18 G54 G901

Go X32 Ze1

Gl X-0.8 F@.11

G Z21

GO G422 X22 221
CONTOURT

GB G40 G91 X21

Goa1

GB Z-101

FB.071
CYCLE96(30,-20,"B" )1
GB X382 Z21

TCP1

qa

T="THREAD" ; Threading tooldl

G96 5200 LIMS=3000 M3 Ms1

G18 G54 G9o1

GO X490 271
CYCLE97(3.5,30,0,-11,30,30,7,6,2.273,0.1,0,0,8,1,1,1)1
GO X401

TCP1

1

T="GT_3" D1 ; Grooving tool 3mm, left cutt. edgefl
G96 S200 LIMS=3000 M4 M81

G18 G54 G901

GO X64 Z-401
F@.e51
CYCLE93(60,-56,4,3,0,0 1,-1
CYCLE93(60,-64,4,3,0,0,0,-1,-1
GO X321

TCP1

M321

;;;;;
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SPD
SPL
WIDG
DIAG

Press this softkey to accept the cycle into the
program.

60.000 All entries from the plunge-cut last
64 created are kept.
4.000 In this case, you have only to change
3.000 the value for the "starting point SPL"

for the second plunge-cut.

Use this softkey to accept the cycle into the program

Use tis softkey to quit the "Turning" menu.

Retraction from the workpiece

Traversing to the tool change point

The whole part program once again at a glance!

Any changes in the "normal" program lines can be carried
out directly in‘the text editor. If you wantto overwrite parts
of the program, activate the softkey [Overwrite].

For changes in a cycle you should move the cursor into the
appropriate line and then you should open the input window
of the cycle with the softkey [Recompile].

If you want to change'the sequence of machining, e.g.
plunge-cutting first, then proceed as follows:

Position the cursor on the first character of the relevant
program block (i.e. on the 'T" in the line T="GT_3" D1).

Then press the softkey [Mark block].

Use the arrow keys to move the cursor down and then to
the right on the last character of the block (i.e. on the 'P’ in
the line "TCP").

Then press the softkey [Copy block].

Position the cursor on the place in the program you want to
edit and then press [Insert block].

Finally, select the block in the original place in the program
once again and delete it there using the softkey [Delete
block].

Store the program with [Close editor] and return to
program management.

The steps required to execute the program on the
machine are described in Section 2.3.2.




4.2 Workpiece "Complete"

Using the workpiece "Complete" (blank 290, length 101) as an example, you will learn - apart from a
repetition of the "classical" turning machining which has already been discussed using the example of
the "shaft" - further elementary and useful aspects of the control system:

-80 75 35 -14 0
3xase | 280

o

S e 9
—|— @60

@
248
———1.230
4xD5
D16
+X

100

421 The SINUMERIK contour calculator

» SINUMERIK contour calculator for
the simple input even of complex
contours with graphics assistance

 Concentric drilling on the turning
machine

» Eccentric machining of the end face
with the function TRANSMIT (with
driven tools)

« Hole circle cycle HOLES2

Keys / inputs
(&)

(8D
( Program )

Screen / drawing

D
( ::’:é':s ) Name Complete ) [&]
Data type |Workpiece-(WPD) P ; - [v]

Name [Contour |

Data type |Subprogram-(SPF)

Template [No template M

Description

As already exercised using the
example of the "shaft", create a new
workpiece directory and give it the
name, e.g. "COMPLETE".

Create there a subroutine with the
name "CONTOUR".

If necessary, see Section 4.1.1.

You are now in the editor and could try
to enter the contour with G functions as
for the "shaft".

But it is much easier with the graphical
contour calculator ....
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Contour

Generate
contour

40 =%

INFUT

INPUT

Accept
element
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Program |smn_-rum
[Z| Channel reset

| e boro

COMPLETE\CONTOUR SPF

Editor_Contour ents
& Start point

 Plane selection:
Programming plane:G18

Spec. for facing axis:
& Diameter (DIAMON)

Approach start point:
GO

Free text input:

Accept
element

Start point ordinate

Program  [840D__Turn | Auto

IMPF|7
|Program aborted

[Z channel reset

Editor_Contour entry.

COMPLETE\CONTOUR.SPF
Start point

Plane selection:
Programming plane:G18

I Spec. for facing axis:
Diameter (DIAMON)

o point:
400000  abs
0 1.0000  abs

Approach start point:
Go
x Free fext input:

Accept
element

The user interface of the contour
calculator consists of three parts:

» The contour definition is
represented by small icons on the
left of the column. At the beginning,
only the symboals for the starting
point and the contour end exist.

* In the middle the contour definition
will be built up dynamically as a
graphics during the input. So you
always have a visual control of your
inputs.

» These are made viainput fields as
you already know them from the
cycles.

The contour definition starts 1 mm in X
and 1 mm in Z before the first contour
point.

Note: It may happen that with the
software version of your control system
Z must be programmed before X (and
with arcs correspondingly K before )
for reasons of compatibility!

All dimensions in the X direction refer
to the 'diameter (DIAMON)'.

Accept the starting point.

Program |84|70_Tum

| o hem

[Z| Channel reset Program aborted

COMPLETE\CONTOUR.SPF

Editor_Contour ent

~Start point

Plane selection:
Programming plane:G18

I Spec. for facing axis:
Diameter (DIAMON)

<=
—

Accept
contour

0 Start point:
b3 40.0000  abs
o z 10000 abs

Approach start point:
GO

x Free fext input:
L 5 e I EY &
2 .

Navigate with arrow key. Select with Input.

Instead of thinking in cryptic

G commands, you can also create the
contour definition using simple
pictographs (see vertical softkey bar).




Program |smo_Tum | Auto |

It starts with an oblique line...

2 channel reset

Program aborted

L. I 2 3
z a

Chamfer length - Changeover Radius with “Alternative™

COMPLETE\CONTOUR.SPF
Straight line, any

X 48.0000  abs
z -3.0000 abs
al 1350000 °

Trans. to following element:

Fs 0.0000(F]

Free text input:

Contour allow.
0.0000 Right

Program  |840D__Turn I A

Accept the first contour element.

... to the (absolutely dimensioned) end

point
X 48.000
z -3.000

The angle to the positive X axis

al =135.000 °

... is calculated and displayed automa-
tically. In addition to the graphics, you
can use this display also as an input

control.

A horizontal line follows. This is indicated by a dotted
line.

Z Channel reset

|Program aborted

Editor_Contour entry’

Add free text (e.g. M function, feedrate) to NC block.

COMPLETE\CONTOUR.SPF
Straight line horiz.

z abs

Trans. to following element:

RD 4.0000

Free text input:

Contour allow.
0.0000 Right

The end point Z is not known.
The input field remains empty.

The ’transition to the following

element’, the arc R23, is rounded with

R4 .

If necessary use the <toggle key> or
the softkey [Alternative] to switch from

'FS’ (chamfer) to 'RD’ (radius) and
enter the value.

Accept the partially defined contour element. The Z

value of the end point (?) will later result from the
construction of the subsequent arc R23.

_35

-14 0

/PQ\?

s | 1980

<5

= |—1 @60

@48

100
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,r?_‘i,

( Alter-
native

23 ©

INFUT

60 ©

INFUT

LY

80 @ ®

INFUT

-35 0

INFUT

( Select
dialog

Accept
dialeg

( Select
dialog

Accept
dialog
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|

|

)

)

)

Call the input window for arcs:

- Circular arc

R 23.0000 y
X 60.0000  abs
Z abs
1 80 [Z]abs
K -35.0000 abs

In addition to the direction of rotation
and the radius, the diameter value of
the end point is also known:

X 60.000 abs

... and the absolute coordinates of the
center point

I 80.000 abs*
K -35.000 abs*

* The meaning of | and K as the center point coordinates in X and Z is illustrated in the
help screen which you can call up with the ﬂ key if the cursor is positoned on | or K.
Pressing @ lets you return to the online graphics.

Program  840D__Turn

| Auto

MPFO

[Z channel reset

Editor_Contour entry.

Program aborted

COMPLETE\CONTOUR.SPF
Circular arc

[ 120t ket

Select alternative and accept.

R 230000 O3
X 60.0000 abs
z abs
1 80.0000  abs
K -35.0000  abs
Trans. to following element:

y RD 0.0000

N

| Free text input:
Contour allow.

0.0000 Right

Program |84|7D_Turn

| e

After the input of R, X, K and I, the arc
is determined such that it can also be
represented in the graphics as a dotted
line.

Now you can choose between two
mathematically possible end point
coordinates in Z (-14.288 or -55.712).

Select the alternative where the point
at Z-55.712 is marked in black.

Accept the dialog.

|MPFD

[Z channel reset

Program aborted

Editor_Contour ent

COMPLETE\CONTOUR.SPF

~Circular arc

001k

R 23.0000 (%
X 60.0000  abs
z 557123 abs

1 80.0000  abs
K -35.0000  abs

/ Trans. to following element:
RD 0.0000
S .

' Free textinput:

Contour allow.

Select alternative and accept.

0.0000 Right

Furthermore, it is to be decided

whether the transition between the
horizontal line and the arc will be at
Z-20 or only at Z-50 (see diagram).

Selectthe alternative at which the black
line corresponds to the drawing.

Accept the dialog.




All para-
meters

Change
selection

you have made a mistake in the
|| dialog selection ...

Alter-
Editor_Contour ent COMPLETE\CONTOUR SPF
& Circularare———————————
Tangent
prev.elem.
Change
selection

Trans. to following element:
Al para-

P oo D | mber

U Free text input:

Program |eum_Tum | Auto
[Z| channel reset

|MPFO
Program aborted

0

R 23.0000 (a9
X 60.0000 abs

z -14.2877  abs
1
K

011 i

126—|

=
=

80.0000 abs
-35.0000 abs

x Contour allow.
0.0000 Right

Accept
element

Transition radius - Changeover Chamfer with "Alternative”

... you can callitagain using this softkey
and change it.

Switch the presentation of the input
parameters to [All parameters].

Program |smo_Tum | Auto |

MPFO
[Z Channel reset Program aborted

Edr Comour e coreeconoun sy This presentation displays all
. nmum o coordinates of the arc both absolutely
3 X 60.0000 abs | e .
& z w2 e T and incrementally (the entered values
R - z -55.7123 abs
. L mom, o | are black, the calculated grey).
b K :35.0000 :‘bcs
AN al 225.9208 |
AR i |
B2 110.1493 B
3 o Trans. to following element: m
1., &% ® » & » ] RD 0.0000F] ] R

- " . . - element
Transition radius - Changeover Chamfer with "Alternative™

In addition to the coordinates, the angles of the arc are also calculated and displayed:

al  Starting angle referred to the positive Z axis

a2  Starting angle referred to the previous element (here the horizontal line)
Bl End angle referred to the positive Z axis

B2  Aperture angle of the arc

The starting angle of the arc is important for the subsequent production which (without
taking into account the rounding) decreases towards the X axis by less than 46°.

The exact angle taking into account R4 could also be determined if R4 would not be
entered as a rounding, but as an "independent” contour element with tangential
connections (softkey [Tangent prev.elem.]) to the horizontal line and the arc R 23. This
leads to a starting angle R23 of about 42°.

When selecting the tool in the main program, take into account that the clearance angle
of the tool to the Z axis is greater than this starting angle of the arc (in this regard, see
also Section 2.2 "Setting up", page 39).
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4 2 Trans. to following element: Do not forget to enter that the arc also

RD ~ 4.0000[F] changes into the following horizontal
straight line with a rounding of 4 mm.

| Accept the element.
{-D-} - ‘ Let’s continue horizontally:

<>
= 75 0 Program  |840D__Turn | Auto LIIPFD

[Z| Channel reset Program aborted -

The theoretical end point of the straight
lineisat...

Z -75.000 abs

COMPLETE\CONTOUR.SPF
~Straight line, horiz.
2 Tangent . .
6 2 = s o ws It is rounded with
T ___ RD 6.000.

Trans. to following element:

RD 6.0000

Free fext input:

Change
selection

Accept
element

x ‘ : Contour allow.
L=l = o o I 00000 Right

Add free text (e.g. M function, feedrate) to NC block.

Accept
element

Accept the element.
P J An oblique line follows:

"Theoretically", it ends at

X 90.000 abs
Z -80.000 abs

90 © Program  |840D__Tum Auto
= MPFO
W Channel reset Program aborted

-80

COMPLETE\CONTOUR.SPF

4 2 & “Straight line, any
B = X 90.0000  abs . .
= z -80.0000  abs prev.clem. and is rounded with ...
O . al 108.4349 B
| __
B .. RD 4 .000.
® .
1w Trane.to follodiig‘sloment:
M selection
RD 4.0000
¢ | Free text input:
x : : Contour allow.
L., I o “ @ B 0.0000 Right Acoopt
Add free text (e.g. M function, feedrate) to NC block. S

Accept Accept the element.

element
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- {-@-} - A horizontal line forms the end:

Program  (840D__Tumn | Auto Lm:u
1 Channel reset

Program aborted

8 5 =9 £ - Straight line,horiz.
INFUT

z -85.0000 abs

Trans. to following element:
END A

= L RD 0.0000[F] [7]

Change
selection
Accept
slement

Free fext input:

ol . ‘ Contour allow.
L., B . o ] 00000 Right

Not the dimension of the blank length
is interesting for the machining, but the
Z value up to which the machining
takes place.

With...

Z -85.000 abs

... you are on the safe side when
rounding.

Accept Accept the element.

element

1% Main element B 1* Main element

with transition radius to ... n .
2" Main element l

2" Main element tangentially joined
3" Main element
tangentially joined

2.

e Transition point between main elements

Remember:
Either Element 1 with 'RD’
or Element 2 with [Tangent prev.elem.]
A Y % % - Circular arc
& = |r 23.0000[F] 3
Ciwp 3w X 60.0000 abs
- e z 5571232  abs
Bl EBm | 80.0000 abs
E E K -35.0000 abs
-+ +—
il ]

Explanations on the topic "Transition
radius or tangential transition"

Apart from the chamfer at the beginning,
everywhere in this contour definition there
are "soft" (also tangential) transitions
resulting from a transition radius to the
following element. At the theoretical
transition point between the main elements,
however, the connection is not tangential
(left diagram).

Tangent

Usethe softkey prevelem. | foratransitional
arc only if you cannot enter it as a rounding
due to its dimensioning (right diagram).

you want to change an element
of the contour later ...

... you can navigate in the toolbar with
the <arrow keys>

... and open the input dialog for the
respective element with <Input>.
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Accept
contour

END

INFUT

ML7

Close
editor
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]

G18 G99 DIAMON ;*GPx%

GO 21 X40 ;*GPx1

G1 2-3 X48 ;xGPx1

2-18.4773 RND=4 ;*GP*1

G2 2-55.7423 X60 K=AC(-35) I=AC(82) RND=4 ;xGPx%
G1 2-75 RND=6 ;xGPx1

2-80 X990 RND=4 ;xGPx1

2-85 ;xGPx1l

=eof=

7 Accept the complete contour definition
into the editor.

i  COMPLETE\CONTOURSH

(]

G18 G99 DIAMON ;*GPx1
G2 Z1 X40 ;*GPx1

G1 2-3 X48 ;*GP=1
2-18.4773 RND=4 ;*GPx1
G2 2-55.7123 X608 K=AC(-35) I=AC(88) RND=4 ;xGPx1
G1 2-75 RND=6 ;*GPx1l
2-80 X990 RND=4 ;*GPx1
2-85 ;*GPx1l

Mi7

=eof=

Go with the cursor to the end of the line ...

... and with <Input> into a new line.

ez Add the command M17 which marks
the end of the sub-program.

you want to change contour definition later ...

... position the cursor to any program line of the
contour definition and press the softkey [Recompile].

Do not change any values in the text editor because
this might make it impossible to recompile later!

Store the subroutine by closing the editor.

(Depending on the configuration of your machine,
there is also a separate softkey for saving [Save file]
on the vertical softkey bar.)




4.2.2 Cutting and finishing of the contour with undercut

New. ‘
Name Tcp o J
TCP Data type [Subprogram-(sPF)
Template [No template I v
New... ‘ New ]
Name [Complete ]
COVPL E-I-E Data type ‘Pan:progranb—(MPF)
Template [No template v

Editor COMPLETE\COMPLETE .MPF

TCP ; Move toolholder to change point1

1

T="RT2"” D1 ; Roughing tool 35° R@.8 (for relief cut)f

G96 5230 LIMS=3000 M4 MS1

G18 G54 GoBT

GO X94 201

G1 X-1.6 F@.21

GO z21 )
CYCLE9S("CONTOUR”,2,0.2,0.5,0.3,0.25,0.15,,1,0,0,1)1
TCPY

0

T="FT2" D1 ;Finishing tool 35° R@.4 (for relief cut)1
G96 5260 LIMS=3000 M4 M31

G18 G54 G921

GO X4@ Z51

GO G4z2 Z11

F@.161

CONTOURY

GO G40 X1101

TCPY

NPP CONTOUR
Operation Roughing
Selection Long.
Selection Outside
Selection with rounding
Infeed depth MID 2.000
Fin. allow. FALZ 0.200
Fin. allow. FALX 0.500
Fin. allow. FAL 0.300
Feed roughing FF1 0.250
Feed plunging FF2 0.150
Dwell time DT 0.000
Path length DAM 0.000
Retract. path VRT 1.000

Now create the subroutine "TCP.SPF"
for approaching the tool change point
and the part program
"COMPLETE.MPF" in the same
directory.

The content of the subroutine is
identical to the appropriate program for
the "shaft".

The first lines of the part program differ
only a little bit from the beginning of the
program "Shaft" in Section 4.1.:

Since the contour of the workpiece
"Complete" contains an undercut 35°
plates are used (and a correspondingly
large clearance angle).

"RT2" RO.8 "FT2" RO.4

Other than in the first example, the
same roughing tool is used for facing to
size (Z0).

Feedrate and cutting depth will be
adapted accordingly.

Input fields for the cycle CYCLE95 (see
selected line in the editor) called via the
softkeys [Turning] and [Cut]
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4.2.3 Dirilling centrally

; Drill centrally

T="8SD16" D1 ; Solid drill D16mm

&7 S1200 MB MB

Gl7 Gb4 (PO D5

G X0 Z2

Gl Z-105 FO.1

Q z2
TCP

Simulation

120

After turning, the
through-hole is to be
produced using a
16 drill.

Drilling is carried out at
constant speed (G97). Unlike turning, the spindle
rotates clockwise (M3).

Plane selection G17* for machining on the end face, activation of zero offset G54,
absolute programming G90, feedrate in mm/rev G95

* For drilling centrally, the machining can generally also be programmed in the G18
plane. But when doing so, please note that the length compensation changes:
G17: lengthl in Z (as for milling) G18: Length3 in Z 1!

The workpiece is approached at rapid traverse rate. Later, when executing the program,
make sure that there is no collision with the tailstock!l

Drilling is carried out at feedrate through the workpiece having a length of 100 mm (with
an allowance of 5 mm).

The drill is retracted from the workpiece at rapid traverse.

Finally, the subroutine "TCP" (tool change point) is called again.

Calling the simulation to check the programming ...

... and automatic adaptation of the 'Settings’ (blank
290, length 101)

By using <arrow keys> and <+>/<->,
you can "zoom" the area in which you
are especially interested.

Simulation COMPLETE.MPF
G1Z-105 F0.1

Simulation of turning and drilling

Setiings

Channell
Spindle




4.2.4 End face machining with TRANSMIT

More and more turning machines provide the possibility of milling or drilling end or peripheral faces by using
driven tools.

Your SINUMERIK control system naturally also supports such technologies. The programming for a drill
pattern at the end face is presented here as an example.

; Hole circle on end face Comment line for better legibility of the program.

G54 G64 B0 P4  Fundamental G functions

G18 Plane selection

SPCS=0 Spindle positioning (C axis) on 0°

T="TD5" D1 ; Twist drill D5mm Tool call

SETMS( 2) Spindle 2 (the spindle driving the tool) becomes the

so-called "master spindle").

S2=1000 M2=3 Speed and direction of rotation of the second spindle
are entered with an equals sign (see S1000 M3 for
the main spindle of the machine).

TRANSM T This function (Transform Milling Into Turning) carries out transformation of the axes for
milling and drilling at the end face.

The following traversing movements can be carried out in the Cartesian coordinate
system (X,Y) as generally used for milling. The control system will then convert these
program blocks for the real axes (X,C). The Z axis remains unchanged.

(The appropriate function for peripheral face machining is called TRACYL).

DI AMOF From now on, the the X values refer to
the radius.
GL7 The XY plane will be selected as the

machining plane. Please note that the
axes X and Y are turned by 90°,
compared with milling.

& X15 72 Q_\/ I]Zn/ef Approaching near the starting point for
- the firsthole. As necessary observe the
position of the tailstock.
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F140 Feedrate in mm/min (see G94)

Drilling The deep-hole drilling cycle CYCLES83
Desn hol is used here once again as an

eep hole

drilling excercise.
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Modal
call

OK

Hole pat-
tern pos.

Hole
circle

OK

MCALL
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! spis

FDEP.

DP =

i

INDA

APy
RAD, j

STA1

Retract plane
Ref. plane
Safety dist.
Fin.dr.depth
Drill depth_1
Degr. value
Dwell time
Feedr. factor
Operation
Axis
Minimum depth
Retract

Dwell time

Name of label
Center point
Center point
Radius

Angle

Incr. angle
Number

hipbi
RTP
RFP
SDIS
DP
FDEP
DAM
DTB
FRF

g or stocl
2.000
0.000
1.000

-15.700 abs
-5.000 abs
1.000
0.000 s
1.000

Chipbreaking
3rd geo axis

MDEP

VRT
DTD

3.000
0.500
0.500 s

Complete the input fields.

The cycle is to be called at four
positions, i.e. it is to be modally
effective (cf. workpiece "Longitudinal
guide when milling").

To take into account the drill tip, approx.
1/3 x tool g is added to the final drilling
depth.

Accept the cycle into the program.

CPA
CPO
RAD
STA1
INDA
NUM

Circle4.

90.000

4.000

Accept the drill pattern into the program.
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The positions of the drill pattern can
also be created via a cycle ...

Complete the input fields.

(The help screenis static; in reality, the
axes are turned by 90°.)

Instead of the cycle one could also have programmed
the 4 drill positions via simple GO blocks (cf. milling
example "Longitudinal guide"). Now the compen-
sation of both methods as they appear in the editor:

; Cycle 'Hole Circle'f1
Circled:1
HOLESZ2(0,0,15,0,99,4)1

ENDLABEL : 11

; Positions programed "by hand”1
G2 X15 Yo
G@ X@ Yi51
G2 X-15 Yo1
G@ X@ Y-151

The "MCALL" command will cancel the modal efficiency of the drill cycle.




TRAFOOF
DI AVON
SETMS( 1)

TCP
MBO

Simulation

<<

Close
editor

The transformation function TRANSMIT is disabled again.

The following X values refer to the diameter again.

The main spindle becomes the "Master spindle” again.

Approaching the tool change position

End of program

Program |awn_Tum I Auto |MPFO

Program aborted

[Z| channel reset

Channel 1 Main spindle

Peripheral
surface

Tool paths
on/off

Front
view...

Automatic
ScreenSize
<<

Quit the simulation graphics

Close the editor to save the program.

Simulation in the 2-side view which you
can call via the softkey -?.l .

In the screen shown on the left, it has
been switched to the presentation of the

tool paths with _
onjoff

By using , you can switch the
focus between the two simulation
windows, zooming the images
separately.

On the following page you can find again an overview of the whole part program.
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TCP ; Move toolholder to change pointfl
1

T="RT2" D1 ; Roughing tool 35° RO.8 (for relief cut)v
G96 S230 LIMS=3009 M4 M81

Gi8 G54 G901

GO X94 Zo1

Gl X-1.6 Fa.21

GO 221

CYCLE9S("CONTOUR” ,2,0.2,0.5,0.3,0.25,0.15,,1,0,0,1)1
TCP1

1

T="FT2" D1 ;Finishing tool 35° RO.4 (for relief cut)1
G96 S260 LIMS=3000 M4 M81

Gi8 G54 G901

GO X40 251

GO G42 Z11

F@. 161

CONTOURT

GO G40 X111

TCP1

1

; Drill centrallyfl

T="SD16"” D1 ; Solid drill Di6mm1
G97 512600 M3 M81

G17 G54 G980 G951

GO Xo Z21

Gl 2-185 FO.11

GO 221

TCP1

1

; Hole circle on end facefl

G54 GEP G980 G941

Gis1

SP0S=01

T="TD5” D1 ; Twist drill DSmm1l
SETMS(2)1

S2=1000 M2=31

TRANSMITY

DIAMOFM

G171

GO X15 221

Fi401

MCALL CYCLE83(2,08,1,-15.7,,-5,.,2,0,,1,0,3,3,0.5,8,)1
Circled:1

HOLESZ2(0,0,15,0,99,4)1

ENDLABEL. : 1

TRAFOOF1

DIAMONT

SETMS(1)1

TCP1

M301
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ABS ..o 61
Absolute dimension .............cccccevveeiee. 58
Absolute dimensions...............cccceoee i, 8,11
ANGle...ooiiii 9,12
Aperture angle ........cccoeviieiii e, 115
Approach behavior G450.............ccccevvvvnnnnnn. 75
Approaching strategy........ccccccceeeeviiiivviennnen. 76
ATC oo 7
Archive direCtory ........ccooovviiviiiiee i, 43
Archive file ..o, 46
Area switchover ............cccccci . 20
Cancel cutter radius compensation ............. 78
CarteSiaNn .....oocoee e 9
Chamfer CHR/CHF.......c.ccccvvvviieeiienee. 96,109
Changing the contour definition................. 118
Changing the machining sequence ........... 110
Channel status..........ccccceeeeiiiiiiiiiec e 27
Clearance angle...........cccovvevvviienneeeenne, 39,115
CNC full keyboard...........ccoovvviiiiiiiniieeeiieenanns 23
CNC keyboard ..........ccoeveeiviiiiiiiiieeee e 23
Comment lINE..........uvvvvvviiiiiiiiiiiieiiierirerreenee. 55
COMMENTS ..o 96
Compensation values ............cccuvvvvevvvennninnie. 37
Coolant ........ccoooiiii s 57,58,97
Creating a subroutine ..........ccccceeeeveeeeeeeennnns 67
Creating atool ........ccvvvvveeiiiiiiiiiieeeeeen 29,34
Cutter radius compensation......................... 77
(1011170 T =To [0 - PP 31
Cutting edge posSition ............evvvvvevvervvereeennee. 39
Cuttingrate S.......cciiiiiii e 13
CW rotation..........ceeeeeemeeeeeiiiiiinniiineineeniieneees 57
Deep hole drilling cycle..........cccceeevviinnnne. 121
DIagNOSIS ..ceevieiiiiiiieieee e 21
Diameter reference DIAMON....................... 94
DIN keyboard.............cccevvviveereeiieeiieeeeeeeeeneee, 24
Direction of rotation.............ccccvvveeeneeeinnninin 97
DPWPLINI oot 72
Drilling cycle CYCLES82..........cccvvvvvveiieinee 61
End angle ... 115
End of program ........ccccccovviiiiiiniiiieiniie, 102
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End of subroutine...........cccccceiiiinnnes 68,97
EXACt StOP coovvvvi i 59
Feedrate.......ccooouuueiiiiieee 58
FIOpPY diSK ...oeeeeiiiiiieee e 43
Following bIoCK.......ccccevviiiiiiiiiii 71
G-Funktionen .........ccccccei 56,99
Hard metal...........ccccovvvvviniiiiiiiiiniiiiiiiiieiinnns 14
Help SCreens ...t 6
Hole circle cycle ........ccoovvivviiiiiiiiiiiiiiiiivenee, 69
INC e 61
Incremental dimension ..............ccccveeeeeeeeennee. 58
Incremental dimensions ...........cccceeveeee.e. 8 11
Keyboard..........cccoooeeiiii i 23
KBYS .o 23
Loading the magazine............ccccceeeeveinnnnnne. 32
LochKreiszyKIUS............coevveeiiiiiiiiiiiiieeens 122
MaCKINE. ... .. 20
Machine control panel............cccccceeeiinne 18,23
Machine zero M........cccccceveeiiiiiiiiiiiie e 7
Magazine list .......cccceeeeiiii e, 29
Modal efficiency .......cccccceevviiiiiiiiiienie 62,67
Offsetvalues .......ccccoeeeeeiiii . 31
online help ..., 75
Operating ar€a ..........occcivveeeeeeeiiiiiiiieeeee e 27
Operating area "Parameters”...................... 20
Operating area "Program”........................... 20
Operator panel front..........cccooeeiiviiiiiiiennnnn. 18
Parameters..........oouiiiiii e 20
Part programs .........cccceeevveeiiiiieminieienen 53,91
Path feedrate............cccccciiiiviiiiniiiiiiiiiiiiinnns 75
PC keyboard ..........ccoovvveiiiiiiiiiiiice e 23
PC KEYS...uuiici i 23
Plunge-cutting cycle CYCLEO9S.................. 109
POIar ... 9,12




POIE .. 78
Program .......ccoooiiiveiii e 20
Program Status...........cccoevviveiiiimiiiiicinnneeeeeeeens 27
Programmiergerat...........ccccvvveeeeennnniiniennenn. 43
QWERTY keyboard..........ccccooviiiirieeeeneinnnis 24
Radius compensation.............ccccceeeveeiivnnenn. 31
Radiusbezug DIAMOF .........cccccoeiiiiiniiinn. 94
=T ot0] 1 0] o] T SO 118
Recompiling ......ccovvvviiiiiiree e, 110
Reference point approach........ccccccceeeeeeei. 19
Referenzpunkt.........cccoevviiiiiiiiiiiiiiieeeenn 7
Roughing cycle CYCLE9S.........c.ccoovviniiien 101
Rounding RND .......coeviiiiiiiiiiiiiceeeee i 96
Schneidenradius ............cccvvvevvviiiinnieenieenee.. 100
SCratChing ......ccoooeeeiiiiiiiii s 40
Screen [ayout ........cceeeveevieiiiie e 27
SEIVICES .. 21
SEtliNG ZErO ...ovvvieiiiiiiiiiiieeee e 40
Simulation ..........cccccvvvvviiniiieiiiene. 70,108,120
Simulation Speed...........ccccevviiiiiiiiiiiniee s 71
Single bIOCK........ccccii s 71
SINUTTAIN .. 19
Slimline operator panel ..........ccccceoveeeviiennnne. 23
SOMKEYS ... 27
SPEEA... .. 97
Starting angle.......ccccovvvvviviiiviiiiiieeieeee, 115
StAM-UP .o 21
SUDIOULINES ...t 53,91
Table boOK ... 15
Tangential transition...........cccccceevvviiiviennnen. 117
Technological data............ccccceeeviiiiiiiiieeeeen, 17
Thread cutting cycle CYCLE9T .................. 107
TOOI @XES...ciiiiiiiiiee et 5
Tool call.......ooiiiiiiiiiieee e 56,98
TOOI ChaNQE ...uvuiiieciceeecc et 56
Tool compensation...........cccceeeeenniiiiiieeeeeenn. 28
TOOl ISt 30
Tool management .........c.uvveveeeeiiiiiiiiiieeeeens 28
TOOIDAN ... 117
Tools in the turning programs ..................... 39

Training keyboard............ccccoeeviiiiiinniieeeneeenns 23
Turning off ... 22
TUMMING ON .o 19
TYpe NUMDET ..o 36
Type Of tO0]..cccoiiiiiie e 35
UNdercut........ooooeeieiiiiei i 119
Undercut cycle CYCLE94.........cccccvvvvnnnnnns 106
Working planes........cccccvvvevvveiieeiieeeeeeeeeeeieeee, 5
Workpiece directory.........ccccevvvviennneeniin, 53,91
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Commands and addresses discussed in this Manual

AP= 78

CFTCP 75
CHF= 96
CHR= 96
CR= 77

D 38,98
DIAMON 6, 94
DIAMOF 6, 94
DIAM90 94

F 15,17,58, 100

GO 57,100

Gl 58, 100

G2 10, 13,77

G3 13

G117 5,6,56, 99, 120, 121
G18 6, 56, 99, 120
G19 6,56, 99
G40 78,102, 119
G4l 76

G42 102,119

G53 56,99

G54 39, 40, 56, 99
G55 56,99

G56 56, 99

G60 56,99

G64 56, 99

G90 8, 11, 56, 99
G91 8, 11,56,99
G94 56, 99

G95 56,99, 120
G96 16, 99

G97 16, 120

G111 78

G450 75,76

G451 75,76

| 10, 13,77, 114
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J 10,77

K 13,114

LIMS= 16, 99

M2= 121

M3 57,107, 120

M4 99

M5 58

M6 56

M8 57,99

M9 58, 97

M17 68, 69, 96, 97, 118
M30 59, 86

MCALL 62,123

RND= 96, 118
RP= 78

S 14, 16,57, 97,99, 120
s2= 121
SETMS() 121,123

T 56, 98

T="" 56, 98
TRANSMIT 121
TRACYL 121
TRAFOOF 123

X 5,57,94,121

Y 5,57,121

Z 5,57,94

Cycles discussed

CYCLE82 61
CYCLES83 121

POCKET3 80, 81
POCKET4 82

CYCLE93 109
CYCLE94 106
CYCLE95 101
CYCLE96 106
CYCLE97 107

HOLES2 69, 122

For a description of all commands and
cycles of the control system, please refer
to the user documentation
"Programming Guide - Fundamentals".
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