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Introduction into CNC Technology

1.3 Characteristics of modern CNC machine tools

Controllable feed and rotation axis

Work part machining on CNC machine tools requires controllable and adjustable infeed axes which are run
by the servo motors independent of each other. The hand wheels typical of conventional machine tools are
consequently redundant on a modern machine tool.

CNC lathes (see figure 3) have at least 2 controllable or adjustable feed axes marked as X and Z.

Figure 3
Controllable NC axes on an automatic lathe

CNC- milling machines (see figure 4) on the other hand have at least 3 controllable or adjustable feed axes
marked as X, Y, Z.

Figure 4
Controllable NC axes on a milling machine
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Introduction into CNC Technology

In CNC milling the main function of the work part clamping devices is the correct positioning of the work
parts. The work part clamping should allow a work part change which is as quick, easy to approach, correctly
and exactly positioned, reproducible as possible. For simple machining controllable, hydraulic chuck jaws are
sufficient. For milling on all sides the complete machining should be possible with as few re-clamping as pos-
sible. For complicated milling parts milling fixtures, also with integrated automatic rotation, are being manu-
factured or built out of available modular systems to allow, as far as possible, complete machining without re-
clamping. Work part pallets, which are loaded with the next work part by the operator outside the work room
and then automatically taken into the right machining position, are increasingly being used.

Tool change facilities

CNC tool machines are equipped with controllable
automatic tool change facilities. Depending on the
type and application area these tool change facilities
can simultaneously take various quantities of tools
and set the tool called by the NC program into work-
ing position. The most common types are:

« the tool turret
* the tool magazine.

The tool turret (see figure 12) is mostly used for
lathes and the tool magazine for milling machines.

If a new tool is called by the NC program the turret
rotates as long as the required tool achieves working
position. Presently such a tool change only takes
fractions of seconds.

Figure 12
Example of a turret

Depending on the type and size, the turrets of the CNC machines have 8 to 16 tool places. In large milling
centers up to 3 turrets can be used simultaneously. If more than 48 tools are used tool magazines of different
types are used in such machining centers allowing a charge of up to 100 and even more tools. There are
longitudinal magazines, ring magazines, plate magazines and chain magazines (see figure 13) as well as
cassette magazines.

pahhans g,

Figure 13
Example of a chain magazine
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Introduction into CNC Technology

milling tools

tool gripper (tool changer)

work spindle

[») [ [ [2]

tool magazine

Figure 14
Automatic tool change facility

In the tool magazine the tool change takes place using a gripping system also called tool changer (see figure
14). The change takes place with a double arm gripping device after a new tool has been called in the NC
program as follows:

* Positioning the desired tool in magazine into tool changing position

e Taking the work spindle into changing position

* Revolving the tool gripping device to the old tool in the spindle and to the new tool in the magazine
e Taking the tools into the spindle and magazine and revolving the tool gripping device

¢ Placing the tools into the spindle sleeve or magazine

¢ Returning the tool gripping device into home position

The tool change procedure takes between 6 to 15 seconds, whereby the quickest tool changers are able to
make the tool change in merely one second.

Security precautions on CNC machine tools

The target of work security is to eliminate accidents and damages to persons, machines and facilities at work
site.

Basically the same work security precautions apply to working on CNC machines as to conventional machine
tools. They can be classified in three categories:

« Danger elimination
Defects on machines and on all devices necessary for work need to be registered at once.
Emergency exits have to be kept free.
No sharp objects should be carried in clothing.
Watches and rings are to be taken off.

e Screening and marking risky areas:
The security precautions and corresponding notifications are not allowed to be removed or inacti-
vated.
Moving and intersecting parts must be screened.

¢ Eliminating danger exposure
Protective clothing must be worn to protect from possible sparks and flashes.
Protective glasses or protective shields must be worn to protect the eyes.
Damaged electrical cables are not allowed to be used.

© MTS GmbH 1997 17



Basic Geometry for CNC Machining

Coordinate system definition with reference to machine or work part

Machine coordinate system

The machine coordinate system of the CNC machine tool is defined by the manufacturer and cannot be
changed. The point of origin for this machine coordinate system, also called machine zero point M, cannot be
shifted in its location (see figure 21).

Work part coordinate system

The work part coordinate system is defined by the programmer and can be changed. The location of the point
of origin for the work part coordinate system, also called work part zero point W, can be specified as desired
(see figure 22).

M Machine zero point W  Work part zero point

Figure 21 Figure 22
Machine coordinate system Work part coordinate system

CNC milling machine

The design of the CNC machine specifies the definition of the respective coordinate system. Correspond-
ingly, the Z axis is specified as the working spindle (tool carrier) in CNC milling machines (see figure 23),
whereby the positive Z direction runs from the work part upwards to the tool.

The X axis and the Y axis are usually parallel to

+/ A LY the clamping plane of the work part.
60 When standing in front of the machine the positive
40 X direction runs to the right and the Y axis away

from the viewer.

20
The zero point of the coordinate system is rec-

ommended to be placed on the outer edge of the
work part.

-20

—60

7Zv

Figure 23
Milling part in three-dimensional Cartesian coordinate
system
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Basic Geometry for CNC Machining

For an easier calculation of the points needed for programming it is advisable to use the outer edges of the
upper (see figure 24) or the lower area (see figure 25).
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Figure 24 Figure 25
Work part zero point in the upper left outer edge Work part zero point in the lower left outer edge

CNC lathes

In the CNC lathes the working spindle (tool carrier) is specified as Z axis. This means the Z axis is identical to
the rotation axis (see figure 26 and 27). The direction of the Z axis is specified so that the tool withdraws from
the work part when moving to the positive axis direction.

The X axis is located in a right angle to the Z axis. However, the direction of the X axis always depends on if
the tool is located in front of (see figure 26) or behind (see figure 27) the rotation center.

+X
W +Z +7Z
W
+X
Figure 26 Figure 27
Milling work part in Cartesian coordinate system Milling work part in Cartesian coordinate system
with 2-axis tool in front of the rotation center with 2-axis tool behind the rotation center
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Basic Geometry for CNC Machining

2.3 Zero and reference points on CNC machine tools

Types of zero and reference points

M machine zero point
W work part zero point
R reference point
tool reference point
B tool setup point
A tool shank point

N tool change point

POLOPSH OB

Figure 43
Location of the zero and reference points for turning

Figure 44
Location of the zero and reference point for milling

Machine zero point M

Each numerically controlled machine tool works with
a machine coordinate system. The machine zero
point is the origin of the machine-referenced coordi-
nate system. It is specified by the machine manufac-
turer and its position cannot be changed. In general,
the machine zero point M is located in the center of
the work spindle nose for CNC lathes and above the
left corner edge of the work part carrier for CNC verti-
cal milling machines.

Reference point R

A machine tool with an incremental travel path meas-
uring system needs a calibration point which also
serves for controlling the tool and work part move-
ments. This calibration point is called the reference
point R. Its location is set exactly by a limit switch on
each travel axis. The coordinates of the reference
point, with reference to the machine zero point, al-
ways have the same value. This value has a set ad-
justment in the CNC control. After switching the ma-
chine on the reference point has to be approached
from all axes to calibrate the incremental travel path
measuring system.

© MTS GmbH 1997
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Basic Geometry for CNC Machining

CNC exercise

Generating the machine room of a CNC milling machine

Description

Entry

Call the configuration in the main menu.

(Configuration)

Select the MTS milling machine.

or select

Call the configuration management.

(Config managm)

Generate a new configuration.

(Generate)

o &2
=[O (=] Lo

Enter a new name, e.g. FS2.

use the keyboard to type the new name ,FS2".

(generate)
Select default values, or select
for example, MAKINO FX 650 (Default data)

Configuration milling machine

Machining area

i next 4 Edit

point

Zprevious 3
point

\

point

(C) 1997 MIS GmbH - Berlin

Configuration areas:

travel limits
Tool change

Drive/Speeds

5 b ? BAccept

& return

Select the configuration point ,machine room*.

or select

Change the machine room data.

(Edit point)

Configuration milling machine

DS
T

(C) 1997 MIS GmbH - Berlin

Machine dimensions
Travel limits:
ALX -300
AlY 300
AZX 900
AZY 9 0
Machine table:

Spindle:

i next
field

Zprevious 3 4
field

DS 140

HS 200

Tool mounting:
Type =

BAccept
&continue|

Enter the machine room data.

or select the individual points

Use the keyboard to type in the values.

(Accept & Continue)

© MTS GmbH 1997
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Basic Geometry for CNC Machining

Configuration milling machine

Ty

i next Zprevious 3 4previous 5 6 7 BhAccept

field field form

Y
NS

N
=

:";:’l”’.
T
£

(C) 1997 HIS GmbH - Berlin

Reference points
Travel limits:
Uix -10e
viy -100
ViZ o
Uzx 450
vzy 450
U2Z 500
Reference point:
RX  Zoo
RY 200
R 500
Tool change point:
ux
uy zoe
Uz 400

& return

10. | Enter the data for the reference points.

or select the individual points

Use the keyboard to type in the values.

(Accept & Continue)

Configuration milling machine (C) 1997 MIS GmbH — Berlin
Configuration areas:
travel limits
Tool change
Drive/Speeds

Machining area
i next Zprevious 3 4 Edit 5 b ? BAccept
point point point & return

11. | Quit the menu configuration for milling ma-

chine.

(Accept & Return)

12. | Quit the main menu ,configuration”

(Accept & Terminate)

© MTS GmbH 1997
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Basic Geometry for CNC Machining

2.5 Tool Compensations for CNC Machining

Using tool compensation values

Using the tool compensation values it is easy to program a work part without consideration of the actually
applicable tool lengths or tool radii. The available work part drawing data can be directly used for program-
ming. The tool data, lengths as well as radii of the milling machines or indexable inserts are automatically
considered by the CNC control.

Tool length compensation for milling and turning

A tool length compensationregarding the reference point enables the adjustment between the set and actual
tool length, as in case of tool finishing. This tool length value has to be available for the control. For this it is
necessary to measure the length L, i.e. the distance between the tool setup point B and the cutting tip, and to
enter it into the control (see chapter on tool measuring page 67 ff.).

In case of milling tools the length is defined in Z direction (see figure 71).

B tool setup point

length = distance of the cutting tip to the tool
setup pointin Z

\
| R radius of the milling tool
\

B
W
=

W

LR

Figure 71
Tool compensation values on a cutting tool

In case of lathe tools the length L is defined in Z direction (see figure 72).

B tool setup point

length = distance of the cutting tip to the tool
set-in point in Z

B
fa Q overhang = distance of the cultting tip to the
tool setup point in X
R cutting radius
(@4
¥ R
L |
Figure 72

Tool compensation values on a lathe tool

In the CNC control these tool compensation values are stored in the compensation value storage, whereby in
most CNC controls it is possible to describe up to 99 tools. These values have to be activated during ma-
chining. This is done by calling the data within the NC program, e.g. with the address H or by specific places
in the T word.
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Basic Geometry for CNC Machining

Measuring the work part

A work part can be measured either after machining (automatic run) or during machining after each machin-

ing step (in single block run).

Procedure:
Description Entry
1. | Call CNC turning in the main menu. (Turning)
2. | Select automatic run. (Automatic mode)
3. | Call a stored NC program, e.g. GEWBU2. Type ,GEWBU2“ using the keyboard and
..<J confirm.
4. | Select simulation mode for automatic run. (Automatic mode)
T % W | futouatic Machining is simulated on the screen
2+030.000
X+120.000
i—/ ;'000.000
C
5 Act iveTechml
[T 50233
F000.100
11010
: WF | s
‘ | Spindle-Cool :
— Hos  nes
m— RunTime :
15:20:99
2 Modal G Codes|
GO0 G40 690
G95 GI6
Ouerride:
F 100 T
[Program mame: LINER2
IPlease enter program name and acknowledge
1 Accept ZChoose 3 4CalculateS Time b6Dimension? Graphic 8 Quit
progran  range NC data override 3D display
5. | Select measuring menu. (Dimension 3D)
6. | Select the menu for entity measuring. (Entity dimension)
7. | Select the entity to be measured. (next entity) or
(previous entity)
- T80 e © Ent 1ty dim. The data for the selected entity are dis-
> P oo, played in each case.
z:-21.640
- #: 42.000
z: —-2.500
Incline anglel
- Incl.: ©.000)
Length
0 J | I'E : 1‘?340
—— T — & o 230.600 |
dcm :-45.000
Datum pt.
®: 0.000
50 B 0.000
ursor #: 42.000 =z: -2.500
IDIMENS ION ING
1 next Z previous3 Change 4 Adjust 5 Define 6 Configu-7Contour 8 Abort
entity entity tupe Zoon Datum ration tupe
8. | Quit the menu for entity measuring. (Abort)

© MTS GmbH 1997

81



Basic Geometry for CNC Machining

9. | Select menu for point dimensioning. (Point dimension)
10. | Select the point to be measured. (next point) or
(previous point)
160 T o © "Pairt. dincnsi The data of the selected point are dis-
5 < > L: 26000 played in each case.
=:-33.000
I
] NJ — o — 76.0 |
v Datum pt.
w: 0.000
50 B ©.000
ursor ¢: 76.000 =z:-33.000
IDIMENS IONING
1 next Z previous3 Change 4 Adjust 5 Change 6 Configu-7Contour 8 Abort
intersec. intersec. type Zoon Datum ration tupe
11. | Quit the menu for point measuring. (Abort)
12. | Select the menu for 3D representation. (3D display)
13. | Generate the 3D representation. (3D view)
>
otation angle : 30.0 C sect. 1: 0.0 off
cutt.angle : -10.6 C sect. 2: 90.0
Pos. C axix : 0.0 C sect. size: 90.0 ‘*\m\\
Pistance : 5?6 Z section: 0.0 off
Copyright (C) MTS-GmbH Berlin 1995
1 zoom Z =zoom 3 Eye 4 Eye 5 Reset 6Cr.sect. 7 Choose 83D view
far near distant close meENu window
14. | Quit the menu for 3D representation. ESC
15. | Quit the measuring menu. (Quit)
16. | Quit the simulation mode of automatic run. (Quit)

© MTS GmbH 1997
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Technological Basics for CNC Machining

Cutting edge geometry

Each machining process requires its cutting edge geometry. Only this can guarantee ideal production times,
long cutting-edge life and high surface quality. The angles of the tool cutting edge play a decisive role here
(vgl. Abbildung 103).

Oo clearance angle
Bo wedge angle

Yo angle of rake

& angle of point

As angle of inclination

Xr adjustment angle

Figure 103
Cutting geometries in turning

Clearance angle a: The clearance angle reduces friction and heating up of the tool edge and the work
part.

Wedge angle : The size of the wedge angle depends on the hardness and toughness of the work part.
The smaller the wedge angle the lighter the cutting, however, the larger the edge abra-
sion and the shorter the cutting edge life.

Angle of rake Y. The angle of rake has an influence on chip building and cutting forces. The larger the
angle of rake the smaller the cutting force, however, cutting edge breach and abrasion
are increased because of total decarburization. Solid, medium hard materials require
an angle of rake of approx. 10°. Hard and brittle materials require a small or even a
negative angle of rake.

Adjustment angle x: In the first place the entering angle has an influence on infeed force, on the forces
against the work part clamping and work part as well as on the cutting width and thick-
ness. In case of solid clamping situation an entering angle of 30 to 60° is selected.
Only for thin shafts or right angled offsets 90° is selected for the adjustment angle.

Inclination angle A: For finishing a positive, for roughing a negative inclination angle is frequently selected.
When negative angles of rake are used the cutting edge tip is exposed to less stress.
When positive inclination angle is used the chip flow is directed away from the work
part.

Angle of point &: The larger the angle of point the better the stability of the tool edge and the better the
heat removal.
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Cutting value

Turning is a cutting operation with a circular cutting movement and an infeed which can be in any relation to
the cutting direction. In most cases the cutting movement is made by the rotation of the work part and the
infeed of the tool (see figure 110). The

e cutting speed v, and the
» infeed speed v;

overlap and result in a continuous cutting process.

Cutting speed v .
Cutting speed is the movement between the tool and the work part causing only a single chip removal during
one rotation without infeed. The symbol for cutting speed is v, and is indicated in m/min.

In general the speed indicates the traversed path s within a certain period of time t. It is calculated as follows:

S
V= I in path/time

The traversed path s for a work part rotation can be generated in turning using the work part diameter d on
the cutting edge tip and the constant T

s=1*d in m

The starting point for the calculation of the cutting speed is now a time unit t = 1 min. The result is herewith
cutting speed v :

V. = in m/min

The number or work part rotations in one minute is indicated as a number of rotations n (in rotations per min-
ute):

[ = 1 in mi
= in min
n
As a result the following formula is achieved for the calculation of the cutting speed v:

V. = T d* n in m/min

n  number of rotations in U/min
v; infeed speed in mm/
Ve  cutting speed in m/min
Ve =T*d*n

Figure 110
Cutting values in turning
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Turning—tool administration (C) 1997 MTS GmbH — Berlin
Define corner tool (left—hand cutting)
Name ! CL-SDJCL-Z2020-L-1208 UDI30
Rot .sense: Left Infeed ang: 32
DIN classif. letter )
8Side rake angle: 93.0
& End angle:
DisposTip: DNMG 1208
Tupe Clearfmgle: 7
Radiusl : 0.8 Radiusz : 0.8
Length : 11.6
Holder : SCLCL 2020
Section: 20 Length 95
Step : 20 Alpha : 90.0
Df fset 13 Beta : 148.0
Mounting : BT-30-70-40-20-EX
Standard: UDI30
Duerhang : 25
iDisplay 2 Help 3 Select 4Further 5Delete 6Alt.rot. ?Default BCreate
tool graphic  mounting parametrs form SENSE data tool
11. | If required display further information on turn-
ing tool. .
(help graphic)
1) indexable inserts:
Turning-tool administration (C) 1997 MIS GmbH — Berlin
Define cormer tool (left-hand cutting)
Name : CL-SDJCL-Z0Z20-L-/1208 UDI30
e | Rot .sense: Left Infeed ang: 32
Left C"mebg’z‘me i Sor [ DIN classif. letter :|ij
P p %mm %T EEUN Side rake angle: 93.0
e .
iz mmmgj End angle:
ﬂ;i[] DisposTip: DNMG 1208
K
£ [ | Tupe : D Clearfimgle: 7
End clear Trermitic Radiusl : 0.8 RadiusZz : 0.8
¥ ]| Length  : 11.6
Tiongur | | Holdexr : SCLCL 2020
760 A | Section: 20 Length : 95
wgguw Step 1 20 Alpha : 90.0
Offset : 13 Beta : 148.0
Mounting : BT-30-70-40-20-EX
Standard: UDI30
Duerhang : 25
iDisplay Z Help 3 Select 4Further OSDelete 6Alt.rot. 7Default OCreate
tool graphic  mounting parametrs form SEnse data tool
12. | 2) tool holder: (help graphic)
Turning—tool administration (C) 1997 HIS GmbH — Berlin
Define corner tool (left-hand cutting)
Name ! CL-SDJCL-Z2020-L-1208 UDI30
Left Comer Tool Rot.sense: Left  Infoed ang: 32
Holder DIN classif. letter :j
Shank diameter Side rake angle: 93.0
End angle:
= i ;:T\ DisposTip: DNMG 1208
5 ) Type Clearfingle: 7
p o Ko | Badivst : 0.8 Radiusz : 0.8
k- Lengih : 11.6
Holder : SCLCL 2020
I —1 Section: 20 Length 95
Difset Step : 20 Alpha : 90.0
Df fset 13 Beta : 148.0
Mounting : BT-30-70-40-20-EX
Standard: UDI30
Duerhang : 25
iDisplay Z Help 3 Select 4Further 5Delete 6Alt.rot. ?Default BCreate
tool graphic  mounting parametrs form SENSE data tool
13. | 3) tool carrier: (he|p graph|c)

© MTS GmbH 1997
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Cutting geometry

Unlike lathe tools milling tools have several cutting edges (see figure 119). Typical of milling is the disconti-
nuous cut as each cutting edge works only for a time.

d:  diameter of the milling tool
z:  number of teeth

f,;  feed per tooth

a.. entering point

¢s: entering angle

Op: clearance angle

BO Bo: wedge angle
Qo Yo.  angle of rake
|

‘ As:  angle of twist of the edges

/ Cé- a,:  cutting width
As

Figure 119

Cutting geometry milling

Clearance angle a:

Wedge angle B:

Angle of rake Yy

Entering angle ¢s:

Inclination angle A:

The clearance angle is to reduce the friction and consequently the heating of the cut-
ting edge and of the work part.

The size of the wedge angle depends on the hardness of the work part. The smaller
the wedge angle the lighter the cutting, however the greater the cutting abrasion and
the shorter the cutting edge life.

The angle of rake influences cutting chip formation and cutting forces. The larger the
angle of rake of the chip the smaller the cutting force, however the risk to breach as
well as abrasion of the cutting edge are increased due to erosion.

The entering angle indicates the machining path of the tool with reference to the
circumference. It depend on the size of the entering point.

The size of the inclination angle influences the process of chamfering and cutting-out.
Since the inclined cutting edges are consecutively engaged the milling tool runs with
increased quietness.

© MTS GmbH 1997
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3.4 Calculation of technological data for CNC machining

Calculation examples of technological data for CNC turning

1. Example:

On a CNC-lathe the sketched bolt is to be roughed as
well as finished in four cuts with cutting depths of 6; 6; 5
and 5 mm and a finishing allowance of 0,5 mm.

The cutting speed for roughing is v, = 280 m/min and

for finishing v = 400 m/min.

Calculate the number of rotations for each cut.

1.6
o w0 el
~ -+ 4 - =— — - o«
Q Q Q

20

- 9y)

60

Calculating the number of rotations for roughing (Cut 1-4) and for finishing (Cut 5-6)

datum: Vey = 280 m/min
Ver = 400 m/min
unknown: n in 1/min
valid : _ Ve
=T d
1. Cut 2. Cut
0 =58mm Ve = 280 m/min 0 =46mm Vev = 280 m/min
- 280m oz 280m
L7 1T min* Q 058n 27 m*min* Q 046m
n, =1537% . n,=1938Y .
3. Cut 4. Cut
0 = 36mm Vey = 280 m/min 0 =26mm Vey = 280 m/min
- 280m o= 280m
37 1" min* Q 036N 47 *min* Q 026m
n, = 2476 i n,=3428Y .
5. Cut 6. Cut
0 =25mm Ve = 400 m/min 0 =45 mm Ve = 400 m/min
. 400m .- 400m
57 mm*min* Q 025n s mt*min* Q 045n
n,=5393Y . n, =2830% .

© MTS GmbH 1997
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Calculating the cutting force and motor power

For calculating the cutting force, the same compensation factors are used for milling as in for turning..

ap cutting depth
ae entering point
b chip width
Fe; cutting force per edge (mean)
‘ os entering angle
— hn, middle chip thickness
‘ f, feed per edge
z number of cutter edges
Ze number of edges in operation
D diameter of milling cutter
A angle of twist of edges
K adjustment angle of edges
k: specific cutting force
ke11  specific cutting force related to chip diame-
ter b[h,=1 mm
me chip thickness index

These are either taken from a book of specifications or, as in the case of the angle of rake variation factor,

calculated with the formula Ky0 = 1—%. For milling, the cutting force is:
F, = F,[z{ N1= N]. In this formula
z[LP,
=——=and
% 360

F_, =blh K. Herewith are

=% [mm] and
cosA

. 60
h, = f,B8ink E—Iﬂ[mm].
d g,
k=90°-A for milling cutters with angle of twist.

Taking into account the compensation factors, the cutting force can be calculated with the formula:

F. = z,[blh, [k 0K, DKVDKve,EmnIﬂ mrﬂrr:\l_n‘f =N Eand with z,, b, h, yields the formula

360°@
F=2Psnd P 5 minek K, K, K.,
360 cosA i Ld °
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Introduction into NC programming

4.2 NC programming basics

A NC-program comprises a series of commands with which the CNC-machine tool is instructed to manufac-
ture a certain tool.

For each machining process on a CNC-machine tool, the NC-program has a command with relevant infor-
mation. These commands are alphanumerically coded, i.e. they consist of letters, numbers and characters.

NC programming standards (ISO)

The 1SO-Norm 6983 strives for standardizing the NC-programming of machines in the production area. This
is however limited to standardizing certain commands as well the general structure of a NC-program. CNC-
control manufacturers have considerable liberty for incorporating their own NC-commands in their controls.
Subsequently, the general structure of an NC-program according to ISO 6983 is illustrated.

Structure of an NC program

Structure of an NC program:
A complete NC-program consists of the following elements:

% TP0147 NC-program beginning,

N10 G54 X80 Y100... a series of NC-blocks
with the information for machining and

N75 GO1 Z-10 FO.3 S1800 T03 MO8

N435 M30 a command for ending the program.

figure 5
Structure of an NC-program

The program beginning consists of a character or a command (ex. %) which informs the CNC-control that a
NC-program will follow. Additionally, the first line of the NC-program also contains the program name (ex.
TP0147). Furthermore, both characteristics are also important for the NC-program manager as well as for
calling the NC-programs in the CNC-control.

NC-program names can contain alphanumerical or numerical characters. For most CNC-controls 2-6 digit
character sequences are used for identification.

An NC-program consists of a chronological sequence of blocks . They contain the relevant geometric and
technical information that the CNC-control requires for each machining step.

The program end is commanded with M30 or M02.

Everything that stands before the character % for commenting the program is ignored by the control. This
enables any explanations on the program or tool to be attached preceding the actual program. Comments
are also allowed within a program, e.g. for identifying particular blocks. These, however, must be set in
brackets.
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Introduction into NC programming

Structure of a program block

Every NC-block consists of a block number, a number of words as well as a specific control character which
informs the CNC-control that the NC-block has ended. This control character is called LF for line feed. It is
automatically generated in NC-programming when the enter-key of the CNC-control or the enter-key on the
PC-keyboard is pressed.

N75 GO01 Z-10.75 FO0.3 S1800 TO3 M08 LF
Number of Word Word Word Word Word Word invisible block
the NC-block ending char-
acter
figure 6

Structure of a program block
Structure of a program word

A word consists of address letters and a nhumber with a plus/minus sign. The definition and sequence are
designated in the programming instructions of the CNC-control systems. Depending on the address letter, the
number either pertains to a code or a value.

Example | Address Number Definition
N75 N 75 For the address N, 75 is the number of the NC-block.
GO01 G 01 For the address G, 01 is a code. The NC-command GO1 is "Moving

the tool along a straight line at infeed speed".

Z-10.75 Z -10.75 For the address Z, -10.75 is a value. Corresponding to the NC-
command GO1 of the preceding NC-block example, this means that
the tool is to be moved to the position Z=-10.75 in the current tool co-
ordinate system.

figure 7
Structure of a program word

The form of numerical entry depends on the CNC-control: Z-35.5 is equivalent to e.g. the same target coordi-
nates as Z-035.500. For most CNC-controls the positive sign "+" can be excluded in the NC-program.

Generally, three groups of words in an NC-block can be differentiated:

G-Functions Coordinates Additional and Switching Func-
tions
GO0 X F
Go01 Y S
G02 z T
G54 M
figure 8

Groups of program words
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The sequence of the words in an NC-block is designated as follows:

Address Definition

1. N block number

2. G G-functions

3. X, Y, Z coordinates

4. I, J, K interpolation parameter

5. F feed

6. S speed

7. T tool position

8. M additional functions
figure 9

Sequence of program words
Words that are not needed by a block can be excluded.

Block number N

The block number is the first word in a block and designates it. It can only be conferred once. The block
number has no influence on the execution of the individual blocks since they are invoked following the order
in which they were entered into the control.

G-function
Together with the words for the coordinates, this word essentially determines the geometric part of the NC-
program. It consists of the address letter G and a two-digit code.

Coordinates X, Y, Z
The coordinates X, Y, Z define the target points that are needed for travel.

Interpolation parameters I, J, K
The interpolation parameters |, J, K are e.g. used to define the center of a circle for circular movements. They
are usually entered incrementally.

Feed F
The speed at which the tool is to be moved is programmed with the function F. The infeed speed is usually
entered in mm/min. For turning, the unit mm/U pertaining to spindle rotation can also be used.

Spindle speed S
The function S is for entering the spindle speed. It can be directly programmed in rotations per minute.

Tool position T
The address T together with a numerical code designates a specific tool. The definition of this address differs
according to the control and can have the following functions:

« Saving the tool dimensions in the tool offset table

* Loading the tool from the tool magazine.

Additional functions M

The additional functions, also known as auxiliary functions, primarily contain technical data that is not pro-
grammed in the words with address letters F, S, T. These functions are entered with the address letter M and
a two-digit code.
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4.3 Introduction to manual NC programming

Procedure for manual NC programming

The procedure for manual programming can be divided into four steps:

1. analysis of workshop drawings

2. definition of work plans

3. choice of clamping devices and necessary tools (set-up sheet)
4. generating the NC program (program sheet)

Various documents must be analyzed and plans for production execution must be created. (see fig. 10).

study study
work order workshop drawing

clamping

tools rogrammer ;
::> Prog <l|: devices

work plan set-up form

program sheet

figure 10
Procedure for manual programming

Analysis of workshop drawings

The workshop drawing (see fig. 11) contains the geometric and technical information for the finished part.
The dimensions, the surface specifications as well as information on the machining procedure to be used
(e.g. cutting, threading, hardening) are taken from the drawing. Information on the work to be executed as
well as on the number of work parts and the deadlines is specified in the work order.
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figure 11 figure 12
Workshop drawing turning Workshop drawing milling
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Manual NC programming Turning

CNC exercise
Instructed generation of NC-programs for CNC-turning operations

Task:

An NC-program is to be generated for manufacturing the following part.

45x2° 70
m SRV ———
R4
e
A ol
2Slel L QNF| 3B
SIS SIS,
7 )
‘)
|
452"
15
35
95 N
figure 17

Follow the subsequent steps for generating the NC-program:

definition of the work plan

choice of clamping devices and necessary tools
generating the NC program

simulating the NC program

PR
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Definition of the work plan

Work plan for machining the first side:

Machining Sequence Tool Turret Posi- | Cutting Outline
tion Values
check blank
dimensions
clamp work part
1.side
define work part zero
point
Face Turning Left Corner Tool TO4 G96
CL-SCLCL-2020/R/1208 F0.15 4 |
S140
Centering Center Drill TO9 G97
CD-03.15/050/R/HSS FO0.16
S1800 g d |
Drilling Twist Drill @ 14mm TO7 G97
DR-18.00/130/R/HSS F0.22
s1000 |} - = 6
Outside contour Left Corner Tool TO4 G96 7
roughing CL-SCLCL-2020/R/1208 FO.1 %
S140 %
/ 4
Outside contour fin- Left Corner Tool TO2 G96 3
ishing CL-SVJICL-2020/R/1604 FO.1 %
$280 %
/ 4
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Work plan for machining the second side:

Machining Sequence Tool Turret Posi- | Cutting Outline
tion Values

1| check work part

1
2 | clamp work part 2
2.side > / 3
3

define work part zero

ooint | @

4 | Face Turning with Left Corner Tool TO4 G96
offset 0.2mm CL-SCLCL-2020/R/1208 F0.28 / — 4
T |
5 | Outside contour Left Corner Tool TO4 G96 5
roughing CL-SCLCL-2020/R/1208 F0.28
S140 y /
B
6 | Predrilling Reversible Tip Drill T12 G97
@ 22mm F0.2 y /
DI-22.00/051/R/HMT _
Yo 1510 O | A — 6 }
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Machining Sequence Tool Turret Posi- | Cutting Outline
tion Values

7 | Inside contour rough- | Inside Turning Tool TO5 G96
ing with offset Post £0.2
BI-SDQCL-1616/R1104 S120

8 | Inside contour finish- | Inside Turning Tool T10 G96
ing Post £0.1
BI-SVQJCL-2020/R/1604 $220

9 | Outside contour fin- Left Corner Tool T02 G96
ishing CL-SVJCL-2020/R/1604 FO.1
S280
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Quality control by measuring work results

A work part can be measured after machining (automatic mode) or during machining after every operation
(single block) and can be compared with the values in the drawing.

Procedure:
Description Entry
1. | Call CNC turning in the main menu. (turning)
2. | Select menu automatic mode. (automatic mode)
3. | Call a present NC program, Using the keyboard type in,GEWBU2" and
par example GEWBU2. confirm.
4. | Select the simulation type ,automatic mode*. (Automatic mode)
0860 o - 100 ‘ On the screen the simulation of the ma-
2-053.000 chining starts.
X+043.200
Y
B+000 . 000
2 i C
ActiveTechnl
52063
Foo0.100
o 1 Cut ingSpeed:
50280
—_— SpindlesCool:
’:.:’ I‘I01_ r:109
Sy e
2505055, SE Modal & Codes|
Q:Q:Q:‘: 601 G42 GI0
0’0‘0’0 G95 G96
:.:.:‘: Duerride:
pleterel F 100x T
H195 TozZoz F.1 M4 G96 5280 M43
NZ00 G5O 54000
N155 G1 Z2-64
1 2 Single 3 4 Dynanic 5 Time 6 Measure 7 Graphic 8 Stoph\
block Zoon override 3D display continue
5. | Select menu measurement. (Dimension 3D)
6. | Select menu point dimension. (Point dimension)
7. | Select the point for measurement. (next point) or
(previous point)
FoT e teo a0 a0 o et amensi For the selected point the data are shown
2 e on the screen
. 38.000
I Zz:-33.000
20
I
e [ — {3
-20 W
I §§\ B 9.000
-40 E: 0.000
Cursor #: 38.000 =z:-33.000
IDIMENS IONING
i next 2 previous3 Change 4 Adjust 5 Change 6 Configu-7 8 Abort
point point type Zoon Datum ration
8. | Quit the menu measurement. (Abort)
(Quit
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Manual NC programming Milling

CNC Exercise

Instructed generation of NC-programs for CNC-milling

Task:
An NC-program is to be generated for manufacturing the following part:

" | YRR
of s : el o |
// ]
j
I
%% @ I ) |
1 !
AP
[ |8
i 7 il
EnNRARRERE

50
65

82
90
95
100

figure 26

Follow the subsequent steps for generating the NC-program:

definition of the work plan

choice of clamping devices and necessary tools
generating the NC program

simulating the NC program

el NS
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Control test ,Introduction into NC programming*

Control test ,Introduction into NC programming*

1. List the steps for manual programming.
2. What is the difference between a work plan and a programming sheet?
3. Explain the meaning of "switching information®.
4. Name and explain five commands for a CNC-machine.
5. Explain the structure of an NC-program.
6. Explain the structure of a program block.
7. Explain the structure of a program word.
8. Explain the address letters F, S, T, M, X, Y, Z.
9. Explain the following program words for
a) absolute programming (G90)
b) incremental programming (G91)!
X 53, Z 184.005
10. What do the address letters |, J, K express?
11. Define the following functions with the corresponding program words
(G-command or M-command)
clockwise circular interpolation
activate coolant
activate spindle in clockwise rotation
12.  For which cases are constant cutting speeds required? Explain why.
13.  With which G-function is constant cutting speed programmed?
14. Read and explain the following program block.
Illustrate the sequence of motions.
GO01 G95 X100 zZ-5 F0.25 S600 T0101
15. Read and explain the following program block.
Illustrate the sequence of motions.
G02 G96 X30 Z-30 130 K-15 F0.2 S180
16.

Read and explain the following program section!

N5 G90 G996 T0101 S100 M3 M8
N10 GO X133 Z2

N20 G1 Z-395 F0.3

N30 GO X135 Z2

N40 X123

N50 G1 Z-269.8

N60 G2 X133 Z-274.8 1133 K-269.8 070
N70 GO Z2
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Chapter 1

1.1.1 CNC turning machine

The CNC Turning Simulator simulates a 2-axis turning machine. In the CNC simulation all positioning and
feed movements appear to be made by the tool carrier, so the chuck and the work part have a fixed position

and the tool moves in both coordinates.

Machine zero

Reference point

Tool reference point nl

Workpart zero

T e P H S

Tool changing position

Figure 3
Schematic of the machine configuration

The work part can be clamped by using:-
» lathe chuck with step jaws,
e collet chuck,
e collet,
« face driver-or
» lathe centres.

-

Setup menu (Chuck )-—> Chuck

Previous Z Mext 3] 4
chucktype chucktype

SDN ~ OFF 6Clamping 7 Setup & Accept
tailstock optional menu

Coordinates:
2+419.9%
¥+185.800

¢

Syst. Status:
$1500
1063.000
10404
CuttingSpeed:
30876
Spindle/Cool:
105 o9
Increnent:
1.000
Blank

L: 250

) %

]

(c) HTS GnbH

H zoon 2 zom 13 Standard P4 Machine 15 Previous T 7 choose 8 (uit
far Tear vindow vindow vindow vindow

Figure 4
CNC Turning,workpart and clamping
definition;"Clamping Fixture Selection" menu.

Figure 5
CNC Turning, clamping between centers.

The magazine holds may up to 99 tool positions (pockets) in which the tools are inserted from the tool

manager. In the actual configuration we use 12 tools.
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Introduction into working with the CNC simulator turning

The following tool types are available in the Tool Manager:

Right handed corner cutter

Recessing & S
angle |

Shank diameter

Holder length

Left handed corner cutter

Shank diameter

Holder length

Step

Recessing
angle

Copying tool

shank &

holder length

step

s

Circular tip turning tool

Boring tool (postaxial)

Boring tool (preaxial)

o | o Offset

shank &
holder length .
step E é
= 5 o Ied
5 1 [ Ay .
= infeed 5
=1 angle 4
L R R b S B SN - ‘ E 8
ST TI~ X
\ { | % e - step é
W /; offset holder length @
External recessing tool Inside recessing tool (postaxial) Inside recessing tool (preaxial)
Shank diameter [ - Holder length
B o 3 3
i | §_§ E aEJ E g »| Plunge length
I
5 | 88 5% 53 ¥
Y
3 | o — L # )
3 l £ e - m#, ,,,,,,,,,,,,,,,,,,,,,,,,
e} >l 5 2
2| 8] s 3 } > \ B \ /
@ | /Eé e s ~ -
| / o =8 @ @
Plunge length 28 70 x®
‘ g m 8¢ 85 S5
Holder length ho ks

Axial recessing tool

Overhang

A

Shank diameter

Offset
S

-

-
-

Step
Holder length

Right handed threading tool

shank &
|
|
|
| -
[ o
| &
i o
\ )
| ol ©
[ 212
| o]~
o |
L
@,
f
A
offset

Left handed threading tool

shank &

holder length

L, step

il

;7@”\'

\ s
affset

Available tools in the CNC-Simulator
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Introduction into working with the CNC simulator turning

1.3.4 Data management

The internal data management functions provide a convenient means for documenting and backing up all
work results. These functions include:

NC Program Manager;

Tool Manager;

Clamping Fixture Manager;

Saving created work parts;

Saving current editing progress;
Generating various set-up sheets and
Managing configuration files.

Example: The CNC Simulator has its own tool management function. The program provides almost all ISO
tool types and tools as standard options, and allows all common tools to be defined. Naturally, the tool
management includes options for editing the available tool files, i.e. modification of existing tools and deletion
of those no longer required.

Turning—tool administration

Manage turning tool groups

Right handed corner cutter

MT3 GmbH - Berlin

Left handed corner cutter

Copying tool

Circular tip turning tool

Boring tool (postaxial)

Boring tool (preaxial)

External recessing tool

Inside recessing tool (postaxial)
Ingide recessing tool (preaxial)
Axial recessing tool

Right handed threading tool

Left handed threading tool

Inside threading tool (postaxial)
Inside threading tool (preaxial)
Tuist drill

Centring drill

Inzert boring tool

Freeform tool turning

iCreate ZAlter too3Delete 4 SGenerate 6Alter 7Delete B8 Return
tool 1 tool mounting mounting mounting
Figure 19

CNC Turning, Define/Delete Tools; Main Menu.

The screen layout of the Define/Delete Tools main menu is divided into two sections: the upper screen area
contains a listing of all available tool types; the field currently in use is highlighted in color. As usual, further
steps for specifying or editing tool data are indicated on the function keys at the bottom of the screen.

Select the desired step only by pressing the function keys rather than with the mouse.

or Use the cursor keys or to select the tool type.
Create Tool/Tool Adapter: To generate a new tool of the current tool type, select
or ; to define a new tool mounting, use .
or Esc

Return: Use or to conclude the current operation

© MTS GmbH e Berlin
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Having started in the main menu by selecting the tool type, and subsequently selecting the Create Tool
function by pressing , the Data Entry menu for defining the tool is loaded.

Turning—tool administration MIS GmbH — Berlin
Define corner tool (left-hand cutting)

Name ¢ CL-SUJCL-Z0Z0-L-1604 15030
Rot.sense: Left Infeed ang: 52
DIN classif. letter [
Side rake angle: 93.0
End angle:
DisposTip: UNMG 1608
Type HLY) Clearfingle: 7
Radiusl : 0.4 RadiusZz : 0.4
Length : 16.6
Holder ¢ SCLCL 2020
Section: 20 Length : 105
Step : 30 filpha : 90.0
Offset 13 Beta 1 128.0

Mounting : TH-UNI-70-40-20-EX
Standard: 13030
Overhang : 35

iDisplay 2 Help 3 Select 4Further 05Delete 6Alt.rot. YDefault 8Create
tool graphic  mounting parametrs form SENsE data tool

Figure 20
CNC Turning, Define/Delete Tools; defining a left-hand corner cutter.

The screen layout of the Data Entry menu is divided into three areas: the window on the left contains either a
help graphic or a graphic corresponding to the data of the tool being defined (including the tool adapter). The
input fields for the complete data record are located on the right.

You define a tool by manually entering the geometrical data, as well as the tool name and rotation direction.
The desired tool adapter data can be automatically copied by selecting the Select Tool Mounting function. To
save time, it is reasonable to define a new tool by first copying the data record of a similar tool, and then to
modify the data to meet your requirements.

Use the key to move from input field to input field.

or Use the cursor keys or to move the cursor within the input field.

or DEL Use the key to insert a character, and the key to delete one.

If you confirm the entry in the input field with the key, the cursor moves
automatically to the next input field.

[Tool Name] |Enter the tool name or number in this input field.

[Parameter] | The entries required for a tool depend on the tool type. Use the help graphics to obtain
information on the parameters.

Create tool: When the data entry for all tool and tool adapter parameters has been
completed, you save the tool under a certain name by pressing .

Use to conclude the operation, and to return to the Define/Delete Tools main menu.

20 MTS TeachWare « CNC-Turning  Student's Book



Introduction into working with the CNC simulator turning

1.4 Special functions of the software

The CNC Simulator incorporates some special functions which effectively support processing and NC
programming:

e 3D representation

¢ Programming aids for ISO commands
» Setting-up automatics, set-up sheet

e Status management

1.4.1 3D representation

A function supporting CNC training is given by the option to display, at any time, 3D Views of the work part,
seen from different viewing angles. The program features 3D displays in Turning Simulators. To display

machining

inside the work part, any work part can be cut out.

Figure 21

rotation angle : 35.0 C sect. 1: 344.0 on

cutt.angle : -10.0 C sect. 2: 77.0 e S
Pos. C axix : 308.0 C sect. size: 93.0

Distance : 544 2 sectiom: 0.0 on

Copyright (C) MTS-GmbH Berlin

+Z sectioni? sectionfy Choose & 3D view
window

CNC Turning, 3D View

Figure 22

Copyright (C) MTS-GmbH Berlin

CNC Turning, 3D Display, full part with intersections

© MTS GmbH e Berlin
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Introduction into working with the CNC simulator turning

1.4.3 Setting-up automatics, set-up sheet

A Set-up Sheet contains all the information needed to set-up the machine by the operator. This sheet is used
by the MTS-Software for an automatic set-up of the simulated machine tool when starting an NC program.
This information includes:

¢ blank/work part geometry

» clamping fixture and method

« tool in working position and magazine configuration
« offset values of the tools used

A Set-up Sheet can be created for every current machine tool situation. It is prefixed to the NC program for
which the set-up sheet was created. During the NC program load in Automatic Mode or for interactive
programming the CNC Simulator is set-up automatically with the Setup Sheet Interpreter according to the
stored information, but the Set-up Sheet Interpreter must be active.

To have a machine tool status loaded automatically during the CNC Simulator start, you can specify the Set-
up Sheet describing that status in the configuration.

Automatic Setup: this function is activated by pressing the function key from the main
menu. The CNC Simulator is then set-up automatically.

R C - TURNING
6.0

Equipment :

Countr spndl
Driven tools|
Mult. Turrets|

Betup form menu: Interpret setup form:-ON-|
[1Generate ZDelete  3Interpr. 4Settings STranslateb 7 B Quit
onsoff
Figure 24

CNC Turning, Set-up Sheet menu

M TS - GmbH Berlin
Program name : GZAPF1.MM Syntax : OFF

PART
CYLINDER DO65.000 L112.000
MATERIAL AlMg 1::Aluninium
DENSITY 00Z2.70

MAIN SPINDLE WITH WORKPART
CHUCK KITAGAWA B-208
STEP JAW HM-110_130-02.002
CHUCKING DEPTH EZ8.000
Right side of the part: Z+186.500

TAILSTOCK
TAILSTOCK POSITION Z2+1100.000

CURRENT TDOL T10
TOOLS

T01  RECESSING TODL ER-FORML-2016-L-6.54-0 15030
T2 LEFT CORNER TOOL CL-SUJCL-2020/L-1608 IS030
T3  LEFT CORMER TOOL CL-SUJCL-2020-L-1604 IS030
Té4 LEFT CORNER TOOL CL-SCLCL-2620-L-1208 IS030
TS  INSIDE TURNING TOOL POST BI-SDOCL-1Z12/L-0704 IS030
iLink 2 Group 3 Editing 4Renumber 5 WOPF & Help 7 Search B Exit
Programs operation range
Figure 25

CNC Turning, example of a Set-up Sheet (excerpt)
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Coordinate systems and Zero point shifts

2.3 Specifying the necessary location of the work part zero point

The work part zero point W is the origin of the work part-referenced coordinate system. Its location is
specified by the programmer according to practical criteria. The ideal location of the work part zero point
allows the programmer to take the dimensions directly from the drawing.

For practical reasons the work part zero point W is
selected in turning in the right-hand plane surface
and in the rotation axis.

The work part zero point is set with reference to the
machine zero point M or to the predefined work part
zero point by setting the system variables.

Work part zero point

Using the operation functions described below the
distance in the Z-direction between the machine
zero point M and the work part zero point W is
specified.

W This value z,, also called the zero point shift, is
M @ S s - @ - —| then entered into the CNC control.

A

Procedure
Starting situation: All machining tools have been measured and are available on the turret head.
The clamping device is prepared and the work part has been correctly clamped.

1. Switch on the spindle (counterclockwise rotation).

2. Change the tool to set the work part zero point, i.e. rotate the turret head to the corresponding position, for
instance TO2.

Note: The rotation area of the turret has to be checked first to avoid collision during rotation.

3. Touch the front plane area of the work part:
move carefully with the tool using the hand wheel
or using the corresponding arrow keys of the keyboard of the CNC control
until the cutting edge reaches a marking on the work part.

4. Enter the desired plane area allowance (e.g. 0.5 mm) on the CNC control.
Actuate with the zero key.
(The dimensions are used to face the front surface in z=0)

5. The CNC control then stores the value of the zero point shift z,,,

The work part zero point W is clearly specified since the X coordinate zero is located on the rotation axis.

6. Because of eventual allowance the front side needs to be faced. This needs to be considered when
programming the NC program.
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Chapter 3

3.3 Tool Offset Compensation

Using the tool offset compensation values it is easy to program a work part without consideration of the
actually applicable tool lengths or overhangs. The available work part drawing data can be directly used for
programming. The tool data, lengths as well as overhangs of the turning machines are automatically
considered by the CNC control.

NI @

w

tool setup point

length = distance of the cutting tip to the tool
set-in point in Z

N2

Q overhang = distance of the cutting tip to the
tool setup point in X

L

Tool offset compensation values

In computing the tool movements the control system relates all programmed coordinates to the tool setup
point which is situated at the stop face of the tool mounting.

It follows that the distance between the theoretical cutting point of the tool nose and the tool setup point must
be determined for every tool, so that the actual tool path can be computed. Each of these differential values is
stored as a tool offset compensation value in a corresponding compensation value storage. When a
programmed tool change is to be executed in the course within NC program, the system reads in the
applicable compensation value storage, to account for the tool geometry in computing the tool path.
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NC commands for programming ,OKUMA 5020 L*

3.4 Tool Nose Compensation

The actual cutting point of the reversible tip changes during the course of machining, according to the tool
movement direction.

X A

theoretical
tool nose

—_
actual cutting point

P thearetical
tool nose

P Theoretical tool nose M Tool nose Centre

In computing the tool motion the control system assumes the movement of the theoretical cutting point of the
tool nose along the programmed contour. Every time the tool executes a programmed movement which is not
parallel to either the X- or Z-axis, deviations from the desired contour and the corresponding dimensions are

unavoidable, due to the radius of the tool tip employed.

actual
D machining

programmed
contour

A __ 7 B
/

If tool nose compensation is not selected, the actual machining will deviate from the programmed contour on
the rising and falling segments of a contour, due to the radius of the tool tip.

© MTS GmbH - Berlin 51



Chapter 3

When tool nose compensation is activated, the control system computes the path of the centre of the tool

nose, equidistant to the contour, accounting for the radius.

--- Offset Path

/

M Tool Nose Centre

If the tool nose compensation is selected the system computes the motion of the tool nose centre on an
offset path equidistant to the contour, i.e. the actual cutting point moves exactly along the programmed

contour of the workpiece.

With each tool the theoretical cutting point of the tool nose must be defined by the tool nose compensation
vector to make sure that the control system can compute the path of the actual cutting point in the execution
of a cycle. The tool nose compensation vector defines the theoretical position of the tool nose (in the

directions X and Z) relative to its centre.

(reversible) tip

tip radius
\
!
tool nose
K INC vektor
Example: Radius 0,4
1 =-0,400
K=-0,400

tip_radius

r/ \\

I\ |

| /!

‘ //

tool nose TNC vector

K
Example: Radius 0,4
| =-0,400
K=-0,231

(reversible) tip

52
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Alternatively the tool nose compensation vector can be determined by eight tooling quadrants. This is
common practice and applicable to standard cases.

4 O

)

tooling quadrants tool nose compensation vectors

—< <
[
0 0

f><
o

The tool management (see Simulator Operation Manual) predefines a TNC vector for every tool available in
the Simulator system.

3.4.1 Selection of Tool Compensation Values T

For programming with tool offset and tool nose compensation it is necessary to select the tool compensation
values of the actual tool by using the T command.

Command: T

Tool selection command

Function: Select the tool on the specified turret position with or without the tool nose
compensation.
NC-Block: ... T0O0 00 00...

Depending on the quantity of the subsequent digits the tool nose compensation is activated or not.

4 digit command TOO 00 without the tool nose compensation
6 digit command TOO 00 00 with the tool nose compensation

The digits describe the number of the tool and the number of the compensation storage.
T 00 00 00

tool offset number

tool number

tool nose compensation number
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3.4.4 Tool Nose Compensation Right G42

Command:

Function:

NC-Block:

Optional Addresses:

Note:

G42

Compensation to the right of the contour (in the cutting direction)

When the tool nose compensation is operative, only the work part contour points
are programmed and the control system must be informed whether the tool shall
move left or right of the programmed contour. The choiceof left or right applies to
the direction in which the tool travels along the contour

G42 GO1 [X.] [Z.] [F.]
X X-Coordinate of the Target Point
z Z-Coordinate of the Target Point

F Feedrate

The command of the NC-block specifying G42 should be GO0 or GO1. When G42 is

specified by the commands G02 or GO3 an alarm message is displayed.

For using the tool nose compensation the actual tool must be selected with the
6 digit Tool command

N25 T030303

N100 G42

N170 G40

N2105 (contour description)

machining
direction

Programming Example:

(reversible)
tip

\\i tip radius

theoretical toal nose
(cutting point)

programmed
contour

path of the
theoretical
tool nose
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3.7 Thread Cutting G33

Command: 633

Thread cutting

Function: The G33 cycle serves to program thread cutting parallel to the Z-axis.
NC-Block: G33[X..] [z..] [F..]
Optional Addresses: X diameter of each thread cutting cycle

Z end point of thread in longitudinal direction

F thread lead

“A

starting point

theoretical end
of the thread

‘ . [ | '
B theoretical
start of

the thread
D >
y B ff /

2 7
X nominal diameter of the thread F thread lead

D depth of the thread relative to the radius Z Z-Coordinate of the theoretical end point of the thread

/N
[N
/

A\
/ A
J Y
XXX |x | X
O ggod

Note: The successive infeeds must be programmed seperately by using the different
diameter X1, X2, X3 and so on.

Never change the spindle speed during the thread cutting cycle.
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Example:
Create an NC-program for the following bolt with a thread.
Papmaf| Abmap
M 4
¥
ol A — — — — — 7 —— — — — — — T O
=22
o o [
53
= & s
e
= 45
L 2 B> A
? =
E
Fasen 49x1.5
Hz 1B
Erstellt mit INCAD Algemeintoleranz Mafstab |
Versiongnummer: S—@
Dateiname: L Ad-DIN1013-C15-60x82
Datum Name
Bearb) 23.07.1997 BKoch
Jolzen
Norm.
NC-Programm-Nummer(n): Eﬂatt .
Zust| Anderung Oatum _ |Name Ers. f. | Ers d
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N120 GO0 X500 Z500 M9
N125 G96 S280 17020202 M3 M42 M63
N130 G50 S4000
N135 G87 NLAP1 UO WO
N140 GO0 X500 Z500 M9
N145 G96 S100 T080808 M3 M42 M63
N150 G50 S1500
N155 GO0 X70 Z-45. M8
N160 G73 X30Z-41.14 K2.5 E0.5D4 F0.12 T11
N165 GO0 X62
N170 X500 Z500 M9 M5
N175 T101010 M3 M42 M63 G97 S1000
N180 GO X50 Z5
N185 G33 X38.57-42 L1 F2
N190 X38
N195 X37.8
N200 X37.7
N205 X37.6
N210 X37.55
N215 X37.52
= Teo a0 [ 20 o T E
% o
X+037.500
;+999.999
c
ActiveTechnol
51000
F002Z.000
T1010
Z0 CuttingSpeed:
B 50118
’_“ Spindle/Cool:
Ho3 Hos
RunTime :
07:32:27
Modal G Codes
0 60 G40 GI0
695 GI?
Override:
F 1002
NZ15 X37.52
NZ2e X37.5
1 2 3 4 Dynamic 5 Time 6 Measure 7 Graphic 8 Stops
Zoon override 3an display continue
N220 X37.5
N225 GO0 X500 Z500 M5 M9
N230 M2

Finished part:

Copyright (C) MTS-GmbH Berlin 1995
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Example for using subprograms:
NC-program for the following chess figure with a subprogram by using absolute input values.

Pafmaf3

Abmaf

58
51
43
0.5x45° 4
| fz
] <Y
z o 3| =] [T o o
= - - i L SIS v w
25 = ISTRRISRS S SES
L o
S 5 a @
gg |/ ;
@ =
= \®
= 16
&5
= = 27
- =
5 26
Sla]
60
Erstellt mit INCAD Allgemeintaleranz MBBSEBD
Versionsnummer: {EE}{EE}
‘ . ISO 2768-m
Uateiname:
Datum Name
Bearb| 21101997 | BKoch
Gepr.
Norm.
oy, S5 i NC-Programm-Nummer(n): WNEB
g TR ] v :
Zust| Anderung Datum [Name Frs. f. | Ers.d.
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Programming Example

Subsequently, the program sequence with the subprogram call is shown.

main program baucall

$G54 7177
010022
NO10 GO X500 Z500 T020202 M3 M42 M63
NO15 G96 S160
N020 G50 S3000
NO25 GO X42 Z0
NO30 G1 X-1 F0.15 M8
NO35 GO X42 74
NO40 G85 NLAP1 D6 U0.4 F0.25
NLAP1 G81 | subprogram O5000.mm
NO50 CALL 05000 > NO010 GO0 G42 X0 Z2
NO15 G1 X0 Z0
NO20 G76 X12L-4
NO25 G1Z-5
NO30 X7 Z-10
NO35 G2X11Z-12L2
NO40 G1 X16
NO45 Z-16
NO50 X10 Z-22
NO55 Z-26
NO60 X14 Z-35
NO65 X23 Z-41
NO70 Z-43
NO75 G3 X35Z-49 L6
N080 G1Z-51
NO85 X31 Z-56
NO90 G3 X357-58 L2
NO95 G1 Z-59.5
N100 X32 Z-61
N105 Z-63
N110 X42
N115 G40
v N120 RTS
NO55 G80
2-021.359
X+017.600
§+009.000
C
ActiveTechnol
52894
Fo00 . 150
10202
CuttingSpeed:
50160
Spindle-Cool:
Ho4 Mo
RunTime :
02:45:14
Modal G Codes
GO1 640 G9O
G95 GI6
Ouverride:
F 100z
NLAP1 GB1
NO50 CALL 05000
1 2 3 4 Dynamic 5 Time 6 Measure ? Graphic 8 Stops
Zoom override 3D display continue
NO60 GO X500 Z500 M9
128 MTS TeachWare « CNC-Turning  Student's Book



Subprogram technology

NO65

G96 S280 T040404 M3 M42 M63

NO70 G50 S4000

NO75 GO X42 74

N080

G87 NLAP1 UO WO

Axis Coordin
2-038.542
X+018.913

w

¥
B+000.000
c

ActiveTechnol
54000
F000.150
TO404

CuttingSpeed:
50232

SpindlesCool:
Ho4 Hes

RunTime :
03:03:66

Modal G Codes
Go1 G4Z2 G90
G95 GI6

Override:

F 1002

NO?0 G50 54000
NO?5 GO X42 Z4
070 Z-43

1 2 3 4 Dynamic 5 Time 6 Measure 7 Graphic 8 Stops

Zoon override 3an display continue

NO85

GO0 X500 2500 M9

NO090

G96 S100 TO80808 M3 M42 M63

NO95 G50 S1500

N100 GO X42 Z-63

N105

G1 X2 F0.1 M8

Axis Coordin
2-063.000
X+004.373

¥
B+000.000
C

ActiveTechnol
51500
Fo00.100
T0808

CuttingSpeed:
50022

Spindle-Cool:
Ho4 Mo

RunTime :
04:27:96

Modal G Codes
GO0 G40 GIO
G95 GI6

Ouverride:

F 100z

NOJ5S G50 51500
N100 GO X42 Z-63
105 61 X2 FO.1 M8

1 2 Single 3 4 Dynamic 5 Time 6 Measure ? Graphic 8 Stops
block Zoom override 3D display continue

N110 GO X50

N115 X500 2500 M9

N120 M30

© MTS GmbH e Berlin
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Example:
Create an NC-program for the following figure with the G86 longitudinal LAP-function by using the pre-

fabricated blank.

Papmaf| Abmaf

100

/ g@

3 =
= Q Ql
5. Z
s 29,076
2 40
s 50

5O
Alle nichtbemasste Fasen 2x47
Erstellt mit INCAD Allgemeintoleranz Mafistab ‘

Versionsnummer;
Uateiname:  Ges6a1EDU

150 2/68-m E’@

Datum Name

Bearb| 16.10.1997 B.Kach
Welle
Narm.

O —. NC—Programm—NummeNm: 5]\att .

00 o
835 388 538 83586606

Zust| Anderung Datum |Name Ers. 1. | Ers d.
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MAIN SPINDLE WITH WORKPART
CHUCK KITAGAWA B-208
STEP JAW WM-KIT_01.002
TYPE OF CHUCK EXTERNAL CHUCK OUTSIDE STEP JAW
CHUCKING DEPTH E18.000
RIGHT SIDE OF THE PART: Z+196.000

TAILSTOCK
TAILSTOCK POSITION Z+1100.000
CURRENT TOOL
T02
TOOLS
TO1  LEFT CORNER TOOL CL-SVJCR-2020/R/1604 1SO30
T02  LEFT CORNER TOOL CL-SVJCR-2020/R/1604 1SO30
T0O3  FRONT GROOVING TOOL RA-MBS-E5N-2.5/16/040-050/R 1SO30
TO4  LEFT CORNER TOOL CL-SVJCR-2020/R/1604 1SO30
TO5  INSIDE TURNING TOOL POST BI-SDQCL-1212/L/0704 ISO30
TO6  INTERN. THREADING TOOL POSTAX TI-ITTR-2016/R/60/1.50 ISO30
TO7  TWIST DRILL DR-14.00/108/R/HSS 1SO30
TO8  RECESSING TOOL ER-SGTFR-2012/R/03.0-0 ISO30
TO9  CENTER DRILL CD-04.00/056/R/HSS 1SO30
T10  LEFT CORNER TOOL CL-MVJCL-2020/L/1604 1S030
T11  INSIDE TURNING TOOL POST BI-SDUCL-1212/L/0704 ISO30
T12  REVERSIBLE TIP DRL DI-22.00/051/R/HMT 1SO30

ACCURATE OFFSET

Solution:
NC-program
$G54 7196
010086
50 0 Axis Coordin
« 2+271.000
X+210.000
¥
B+000.000
C
- ActiveTechnol
50446
- Fo00 . 150
10202
Q Cutting$s d:
50294
Spindle-Cool:
M5 HO9
RunTime :
01:22:80
Modal G Codes
GO1 640 G9O
G95 GI7
i< Duerride:
F 100z T
C
5654 2196
1Autonatic2 3Interact.4 5 Tine bDimension? Graphic 8 Run
node node override 3D display NC block
NLAP1 G81

NOO05 G42 GO X6 72
NO10 G1 X8 Z0

NO15 G76 X20 L-5

NO020 G76 Z-20 L3

NO025 G76 X40 L-5

NO30 G3 Z-29.076 KO I-5
NO35 G1 X20 A215.86
NO40 G76 Z-50 L5

NO045 G75 X40 L-2
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NO50 G1 z-60

NO55 G1 X20 A225

NO60 G76 Z-80 L5

NO65 G75 X60 L-2

NO70 G17-83

NO75 X62

NO080 G40

NO85 G80

/e
nill i

e

Axis Coordin
2+271.000
X+210.000

¥
B+000.000
c

ActiveTechnol
53000
F000.150
TO202

CuttingSpeed:

P
A

51979
SpindlesCool:
Hos Hes

RunTime :
06:18:32
Modal G Codes
Go1 G40 G90
695 GI?
Override:
F 100z T

NO?0 G1 Z-83
NO?S5 X62
080 G40

5 Time
override 3D

1AutomaticZ 3Interact.4
mode mode

6Dimension? Graphic 8 Run
display

NC block

NO090 GO X500 2500 T020202 M3 M42 M63

N095 G96 S200

N100 G50 S3000

N105 GO0 X62 Z0

N110 G1 X-1 F0.15 M8

N115 GO0 X16 Z2

N120

G86 NLAP1 D6 U0.4 W0.2 FO.3

|

Axis Coordin
2-035.414
X+035.595

¥
B+000.000
C

ActiveTechnol
51772
Fo00 . 150
10202

Cuttings)

§

50200
Spindle-Cool:
Ho4 HO9

RunTime :
06:36:37
Modal G Codes
GO1 640 G9O
G95 GI6
Ouverride:
F 100z

N115 GO X16 22

N120 GB86 NLAP1 Db U0.4 Wo.2 FO.3

085 GBO

1 2 3 4 Dynamic 5 Time
Zoon override an

6 Measure ? Graphic 8 Stops
display continue

N125 GO0 X500 2500 M9

N130 G96 S280 T040404 M3 M42 M63

152
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N135 G50 S4000
N140 G87 NLAP1 UO WO

T |

Axis Coordin
2-008.511
X+020.000

¥
B+000.000
C

ActiveTechnol

54000

i FO00 . 150
‘ | 10404

0 Cuttings;

50251
Spindle-Cool:
Ho4 HO9

RunTime :
07:23:49
Modal G Codes
GO1 G642 G9O
G95 GI6
Ouverride:
F 100z

N130 GI6 5280 TO404 M4 M42
N135 G50 54000
025 G76 X40 L-5

1 2 3 4 Dynamic 5 Time 6 Measure ? Graphic 8 Stops
Zoom override 3D display continue

N145 G0 X500 Z500 M5 M9
N150 M2

Finished part:

Copyright (C) MTS-GmbH Berlin 1995
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Chapter 1

1.1.1 CNC milling machine

The CNC Milling Simulator simulates a 3-axis milling machine with vertical spindle position. In the CNC
simulation all positioning and feed movements appear to be made by the tool carrier, so the machine table
and the work part have a fixed position and the tool moves in all three coordinates.

tool movesinY

@ Machine zero table moves in X and Z
& Reference point
@ Turret reference point

d} Tool reference point

@ Workpiece Zero

Q} Tool change point

Figure 3
Schematic of the machine configuration

In the MAKINO CNC Milling machine the tool moves in Y- and Z-direction and the machine table moves in X-
direction.

The work part can be clamped by using:-
* jaws,
¢ magnetic plate-or
* modular clamping.

"MiLling chuck management MIS GmbH - Berlin \jau nodule
Vice selection osition
¥+449.000

14073.000
2+089.000

Please place chucking device within the machine range.
1New chuck?Z 3 4 SManagn. 6 7 8 Return M part R chck T3 New M delete 15 work 6 change  F? abort T8 accept
Menu position position chuck chuck range view
Figure 4 Figure 5
jaws modular clamping

The magazine holds may up to 99 tool positions (pockets) in which the tools are inserted from the tool man-
ager. In the actual configuration we use 16 tools.

MTS TeachWare « CNC-Milling ¢ Student’s Book



Introduction into working with the CNC simulator milling

The following tool types are available in the Tool Manager:

End mills

Face milling cutters

Reamers

Step drills

Slot milling tools

Radius cutters

/

Core drills

T-slot cutters

Corner tool (Type A)

Drills

Concave type cutters

Shell end mills

Corner tool (Type B)

Insert tip drills

Side milling tools

© MTS GmbH e Berlin




Introduction into working with the CNC simulator milling

1.3.4 Data management

The internal data management functions provide a convenient means for documenting and backing up all

work results. These functions include:

¢ NC Program Manager;

¢ Tool Manager;

» Clamping Fixture Manager;

e Saving created work parts;

e Saving current editing progress;

« Generating various set-up sheets and
e Managing configuration files.

Example: The CNC Simulator has its own tool management function. The program provides almost all ISO
tool types and tools as standard options, and allows all common tools to be defined. Naturally, the tool man-
agement includes options for editing the available tool files, i.e. modification of existing tools and deletion of

those no longer required.

Tool Management Milling MTS GmbH - Berlin
Management of a class of milling tools

End mill

T-slot cutter

Shell end mill

Face milling cutter
Radius cutter
Corner tool (Type A)
Corner tool (type B)
Reaner

Tap

Drill

ingert tip drill
Step drill

Core drill

Concave type cutter
Side milling tool

1Create toZEdit tool3Delete 4 SGenerate 6Edit moun?Delete 8 Return
ol tool mounting ting mount ing
Figure 17

CNC Milling, Define/Delete Tools; Main Menu.

The screen layout of the Define/Delete Tools main menu is divided into two sections: the upper screen area
contains a listing of all available tool types; the field currently in use is highlighted in color. As usual, further

steps for specifying or editing tool data are indicated on the function keys at the bottom of the screen.

Select the desired step only by pressing the function keys rather than with the mouse.

or Use the cursor keys or to select the tool type.

or ; to define a new tool adapter, use .

Create Tool/Tool Adapter: To generate a new tool of the current tool type, select

or Esc Return: Use or to conclude the current operation

© MTS GmbH e Berlin
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Having started in the main menu by selecting the tool type, and subsequently selecting the Create Tool func-
tion by pressing , the Data Entry menu for defining the tool is loaded.

Tool Management Milling MTS GmbH - Berlin
Def ine slot cutter

. Ji ﬁ \ I Name

RotSens No. of hobs
Shank diameter :

Tip diameter

Tip Length:

Overall Length

Mounting:

Lgth of engag. slot :
Length of mounting
Capacit.Min: Max:
Spdle. draw-in gear :

Tocl Length Compens.

Tatal length
Cutter edge length

Length corr. data

Cutter edge % Tool Length offset
Toal length offset = 0 Tool radius offset
1Display Z Graph. h3d Select 4 SDelete 6ALt. rot.? Default BCreate to
tool elp mount ing forn SENse data ol

Figure 18
CNC Milling, Define/Delete Tools; defining a slot cutter.

The screen layout of the Data Entry menu is divided into three areas: the window on the left contains either a
help graphic or a graphic corresponding to the data of the tool being defined (including the tool adapter). The
input fields for the complete data record are located on the right.

You define a tool by manually entering the geometrical data, as well as the tool name and rotation direction.
The desired tool adapter data can be automatically copied by selecting the Select Tool Adapter function. To
save time, it is reasonable to define a new tool by first copying the data record of a similar tool, and then to
modify the data to meet your requirements.

Use the key to move from input field to input field.

or Use the cursor keys or to move the cursor within the input field.

or DEL Use the key to insert a character, and the key to delete one.

If you confirm the entry in the input field with the key, the cursor moves auto-
matically to the next input field.

[Tool Name] |[Tool Name] Enter the tool name or number in this input field.

[Parameter] |The entries required for a tool depend on the tool type. Use the help graphics to obtain in-
formation on the parameters.

Create tool: When the data entry for all tool and tool adapter parameters has been com-
pleted, you save the tool under a certain name by pressing

Use to conclude the operation, and to return to the Define/Delete Tools main menu.
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Introduction into working with the CNC simulator milling

1.4 Special functions of the software

The CNC Simulator incorporates some special functions which effectively support processing and NC pro-

gramming:

e 3D representation

¢ Programming aids for ISO commands
» Setting-up automatics, set-up sheet

e Status management

1.4.1 3D representation

A function supporting CNC training is given by the option to display, at any time, 3D Views of the work part,
seen from different viewing angles. The program features 3D displays in Milling Simulators. To display ma-

chining inside the work part, any work part quadrants can be cut out.

Curso:
X+040,000
14043000

F%ij £§3 2+15.000

Tncrenent :
1,000

374 part: Please enter vieupoint

3D A B P P4 front B front  Fo back 7 back B quit
full view 174 part left right left right
Figure 19
CNC Milling,3D View, three-quarter view with intersections
Cursor:
¥+046.000
$:044.000
s § § 24024.000
N N
m
[ I o
I Ty a
H |m;;|\|m|\|\lHHHHH ] Tncrenent:
il
Fullview: Please enter viewpoint
il 3 B3 F4 front B frot  F6 back 7 back B it
34 part 174 part left right left right

Figure 20
CNC Milling, 3D Display, full part with intersections

© MTS GmbH e Berlin
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2.2.3 Setting the work part coordinate system with the commands G54 - G59

Six different work part coordinate systems can be used, for example, to program complex or repetitive con-
tours. The coordinates of the respective zero point may measured as the distance between the reference
point of the work part and the machine zero point. The value and the direction of this distance may be stored
into the NC control.

Each stored zero point will be activated with the corresponding command (G54 - G59) in the NC program.

Note: Coordinate values of all zero points always relate to the machine zero point.

Exercise:
Create an NC-program for the following plate with respect to the newly defined work part zero points.

v A
v A
v A
b
B
B
o 14
= 'Z Weashd
15 20 20 20 20
X
v v o
Gab W 26 |
- X
|
| esa Tw
2 140 X
!
M Xw

Use the following configuration:

CONFIGURATION
MACHINE MAKINO FX 650
CONTROL FANUC 16M FX650

BLANK DIMENSIONS
X+140.000 Y+125.000 Z+025.000

VISE
MAKFX 160
CHUCKED HEIGHT E+031.000
SHIFT V+000.000
ORIENTATION AQ°
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NO095 G57
N100 GO0 X0 YO M8
N105 G91
N110 G98 G82 Z-17 R-38 P2000 F80 LO
N115 M98 P907
Axis Coordin|
X+000.000
¥-020.000
2-001.887
ActiveTechnol
51800
FoB80.000
T0101
[|CuttingSpeed:
50000
Spindle-Cool:
HO3 Mo
RunTime :
L 0?:26:56
Modal G Codes|
GO0 G640 GI1
G94 GI7
Ouerride:
F 100z T
Nioo GIB 682 Z—l?lﬁ—ﬂﬂ P2000 EBB Lo
Nie5 M98 PIo? (c) MTS GmbH
G679
i 2 single 3 4 5 Tine 6 3D-view ? Graphic 8 Stop
block override display continue|
N120 G53
N125 G54
N130 GO0 220 M5
N135 G91 G28 Z0 M9
N140 G91 G28 X0 YO
N145 G90 G49 G80 G40
N150 M30
Subprograms
0905 0906 0907
N10 G91 G99 X0 YO N10 G91 G99 X0 YO NO010 G91 G99 X20 YO
N15 X20 N15 Y15 NO15 X-20 Y20
N20 X20 N20 Y15 NO020 X-20 Y-20
N25 X20 N25 G98 Y15 NO025 G98 X20 Y-20
N30 G98 X20 N30 G90 G80 NO30 G90 G80
N35 G90 G80 N35 M99 NO35 M99
N40 M99
Finished part:
3D-View
Cursor:
X+095.000
¥+025.000
Z-000.000
Increment :
Fullview: Please enter viewpoint
i i 3D 3 3D 4 front 5 front 6 back 7 back 8 Quit
3-4 part 1,4 part left right left right

32
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Chapter 4

4.2 Circular interpolation

Circular interpolations can be moved in two opposite directions.

GO02 in clockwise direction, or in
GO03 counter-clockwise direction.

Y| G02 GO3

Directions for Circular Interpolations.

4.2.1 Circular Interpolation Clockwise G02

G02

Circular Interpolation Clockwise G02

Command:

Function:
NC-Block:

Optional Addresses:

Note:

The tool will move clockwise on a circular arc to the target position.
Go2 [X..] [¥..] [z.1 O[.] [3.1 I[K.] [F..]-

X
Y
z

K

X-Coordinate of the Target Point
Y-Coordinate of the Target Point
Z-Coordinate of the Target Point

Circle Center Incremental (distance between the starting position and the
circle center in the X-direction).

Circle Center Incremental (distance between the starting position and the
circle center in the Y-direction).

Circle Center Incremental (distance between the starting position and the
circle center in the Z-direction).

The addresses |, J and K are always programmed in the incremental system, re-
gardless of the selected value command system (G90 or G91).

=

Feedrate

system (G91).

The tool will move at the programmed feedrate
clockwise on a circular arc to the target position as
defined by the coordinates in X and Y.

These coordinates may either be programmed in
the absolute system (G90) or in the incremental

Y| GO2
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Interpolation with cutter radius compensation

Command: GOZ

Circular Interpolation Clockwise G02
Function:

The tool will move clockwise on a circular arc to the target position.
NC-Block:

GO2[X.] [Y.] [Z.] [.] [B-] K.l [F.].

Programming Example
with Absolute Coordinates: YA
Target point
NO85 G90 /5 C‘D
N090 GO0 X+55. Y+35. Z+2. r
PR |
N095 GO01 Z-5. Y| 35 ) J
‘ T/ A
N100 GO2 X+95. Y+75. [+30. J+10. Starting
point ‘
& >~
55 95 X
-
X

Please note that in the absolute system the target points must be programmed according to their position in
the coordinate system with reference to the origin of that system.

Programming Example

with Incremental Coordinates:

YA
Target point
NO85 GO0 X+55. Y+35. Z+2. =
N090 G91 Y
N095 GO1 Z-7. ?
35 I
N100 GO2 X+40. Y+40. 1+30. J+10. Starting
poinG ‘
{F\ >
55 a5 X
X
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Interpolation with cutter radius compensation

Tool approach and retreat movements

The cutter radius compensation is activated within a block. This means that the cutter radius compensation
must at the latest be selected when the first contour point is approached.

O

N
~N
N

C)

Toal position

Cutting position

Contour point,

Activate Cutter Radius Compensation

Additionally, contour-parallel or tangential approaching motions are also often programmed.

Toal pasitian
©

\ Established
\ A cutting position

Contour point

Toaol position
©

. Established cutting pasition

Contour point :>

Contour-parallel Approach

Tangential Approach in a Quadrant
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Interpolation with cutter radius compensation

4.5 Tool length compensation

Using the tool compensation values it is easy to program a work part without directly considering the applica-
ble tool lengths or tool radii. The available work part drawing data can be directly used for programming. The
tool data, lengths as well as radii of the milling machines or indexable inserts are automatically considered by
the CNC control.

T-slot cutter drill core drill

When programming an NC-program in absolute dimensioning, the control requires a coordinate system as
well as information on the lengths of all employed tools. For this it is necessary to measure the length L, i.e.
the distance between the tool setup point B and the cutting tip, and to enter it into the control.

B/\ B tool setup point
==\y—— L

length = distance of the cutting tip to the
tool setup pointin Z

\

| — R radius of the milling tool
\

| \

\

R

-

Tool compensation values

A tool length compensation with reference to the reference point enables the adjustment between the set and
actual tool length, as in the case of finishing the tool. This tool length value has to be available to the control.
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Function and use of cycles

5 Cycles

5.1 Function and use of cycles on a CNC milling machine

In CNC-controls, predefined machining cycles are available which can be invoked with specific commands.
Similar to subprograms, they contain prevalent command sequences. These machining cycles can be divided
into three different types:

e drilling cycles

* milling cycles

« special cycles

Drilling cycles

For drilling cycles, also called canned
cycles in the FANUC-control, specific
ZA drilling, reaming or threading tasks are

programmed by a command in conjunc-
.o . tion with information on the required pa-
initial pomt rameter. The CNC-control then executes

all operations, e.g. for threading.
\ AN
o >~

vz —depth

Milling cycles

A For milling cycles, also called macro in
Y the FANUC-control, specific milling op-
erations, e.g. circular or rectangular
pockets, are executed. For these cycles,
the CNC-control must perform extensive
calculations, e.g. to generate the individ-
ual travel motions for a rectangular
pocket.

K

2/

-
\*

>
X

Z initial point

>
X

depth
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Chapter 5

Special cycles

| Belonging to the special cycles are e.g.
7 various drill patterns. Combined with
drilling cycles, e.g. holes on a circle or in
a row can thus be easily programmed.

'Y

Safety planes
Multiple repetition of these cycles is common e.g. with drilling holes on a divided circle or on a straight line.

A In the execution of a repeated cycle the

tool will be retracted to the initial point
before moving (in rapid traverse motion)
to the next target position.

Z

Programming the Z-coordinate of this

I R N S _ I,rl l,tl,all,pp,lr,]t initial point (the Y- or X-coordinate ac-
cordingly, if G18 or G19 have been pro-
L i 77777777 I |~ 7§§f@w R'f'{n € grammed in the machining plane selec-
E' > tion) is not necessary, it will be estab-
v lished from the actual tool position at the

X moment of the cycle invocation.

depth

Please make sure that the Z-coordinate of this initial point (i.e. the position of the retracted tool) is sufficiently
defined above the work part contour. After the cycle is invoked, the tool must be positioned to the
Z-coordinate of this initial point. Subsequently the tool will be moved in the rapid traverse mode from this Z-
position down to the safety plane.

After completion of the cycle the tool is retracted in a rapid motion to the Z-coordinate of the initial point.
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Chapter 5

5.3.4 finishing inside of circle macro P9110

Command:

NC-Block:

Optional Addresses:

G65 P9110

finishing inside of circle
G65 P91101I...D... R... Z... F... C... S... Q... M...

=S O O O ™M N X O

cutting circle radius

cutter radius offset number
Z-position of the safety plane
Z-position of the bottom of the pocket
feedrate

approach circle radius

approach feedrate

cutting direction

setting mode for R and Z

v A

initial point

=V

- - - - :rapid traverse

R : safety plane

: cutting feed

Z :depth

Note:

The offset value must be less than the approach circle radius.

The cutter radius compensation is used.

Specify Q1. for counterwise cutting direction and omit Q for counter-clockwise cut-
ting direction.

Specify M1. for incremental values of R and Z.
Omit M for absolute values of R and Z.
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Chapter 5

5.3.5 deep cutting of circular pocket macro P9120

Command: 665 P9120

deep cutting of circular pocket
NC-Block: G65P91201I...D... H... R... Z... F... S... Q... M...

Optional Addresses: I cutting circle radius

cutter radius offset number

cutting width per pass

Z-position of the safety plane
Z-position of the bottom of the pocket
feedrate

approach feedrate

infeed per pass

= O 0O M N U I O

setting mode for R and Z

v A
initial point
F \ |
||
*
= |
\\ X R |
HoNA| A F/2 1
Q |
Q |
| Z
- - - - :rapid traverse R : safety plane
: cutting feed Z :depth
Note: Specify H so that it is less than the cutter diameter.

Only the counter-clockwise cutting direction is available..

Specify Q1. for counterwise cutting direction and omit Q for counter-clockwise cut-
ting direction.

Specify M1. for incremental values of R and Z.
Omit M for absolute values of R and Z.
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Function and use of cycles

Programming Example for the macro: G65 P9120 deep cutting of circular pocket

$G54 X400 Y250 2140
0120
N010 G54
NO15 G90 G49 G80 G40 G17 G21
N020 G91 G28 Z0 M9
N025 G91 G28 X0 YO
NO30 T02 M6
NO35 G90 S1800 M3
N040 GO0 G43 720 H18
NO45 X50 Y50 M8
NO50 G65 P9120 130 D2 H15 Z-20 R2 Q6 F60 S30 P9120 deep cutting of circular pocket
130 cutting circle radius
D2 cutter radius offset number
H15  cutting width per pass
Z-20  Z-position of the bottom of the pocket
R2 Z-position of the safety plane
Q6 infeed per pass
F60  feedrate
S30 approach feedrate
.
fixiz Coordin
X+051.494
- ¥+058.962
F Z-015.000
fActiveTechnol
51800
FO90.000
ToZ222
CuttingSpeed:
50124
Spindle-Cool:
MO3 MOB
. RunTime :
28:31:60
Modal G Codes
GOO G40 GO
G94 G97?
Ouerride:
F 100z
2
' ' —Z0 (c) MIS GmbH
050 b 9 1 0 D 0 R )6 90 :
ccept 2 Select 3 4 5 tine 6 3D-view ? Graphic & Quit
programn range override display
NO55 GO0 Z20 M9
NO60 G91 G28 20 M5
NO065 G90 G49 G80 G40
NO70 M30

© MTS GmbH e Berlin
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Chapter 5

5.3.10 matrix maching macro P9200

Command:

NC-Block:

Optional Addresses:

G65 P9200

matrix maching
G65 P9200 X... Y...U...D... V... H... S...

X coordinate of the first hole
Y coordinate of the first hole

pitch in X-direction

pitch in Y-direction

X

Y

U

D number of holes in X-direction
\%

H number of holes in Y-direction
S

subprogram number called

initial point
N D AN AN e -
S| o3 a
oyt Y s B
N |
. R ; :
= | H pieces STmm ] &\ MO3
- |
/O | ® | tapping 7
e lan )
NPANVARERNVAN "
D pieces for example tapping cycle G84

- - - - rapid traverse

R : safety plane

: cutting feed

Z :depth

There are two possibilities to use the bolt hole circle:

1) for drilling:
G90 G98 G84 Z-30 R7 P1000 F1000 LO
G65 P9200 X... Y... U...D... V... H...
G80 X... Y...

2) for multi-block machining
G65 P9200 X... Y... U...D... V... H... S...

Note: Use the absolute input value (G90) for positioning.
Don’t specify S by programming a canned cycle (first possibility).
The subprogram must be programmed with incremental
value input (second possibility).
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Function and use of cycles

Programming Example for the macro: G65 P9200 matrix machining for drilling

| $G54 X400 Y250 7135
O 200
NO10 G54
NO15 G90 G49 G80 G40 G17 G21
N020 G91 G28 Z0 M9
N025 G91 G28 X0 YO
NO30 TO03 M6
NO035 G90 S1800 M3
N040 GO G43 720 H19 M8
NO45 G99 G83 Z-20 R2 Q6 F80 LO definition of a peck drilling cycle
NO50 G65 P9200 X10 Y10 U20 D5 V20 H5  P9200 matrix machining
X10 X coordinate of the first hole
Y10 Y coordinate of the first hole
U20  pitch in X-direction
D5 number of holes in X-direction
V20 pitch in Y-direction
H5 number of holes in Y-direction
b4
MUU U e
¥Y+090.000
3“‘ w ﬂz;(_msT.oo;) 1
% — Svon
KO 00 0@ q
,_Q" 10303
P Cutting3 d
O © 0 0 O Sooao
,": Spindle-Cool:
:Q’ Mo3 M9
O ® ® @ © e
R (s
:’3:’ . . . . . G94 G9?
3‘:: Ouerride:
: F 100:
N0 @ © @ @ ‘
iz = \% z
X % 2o
0S5 G99 G83 Z-20 RZ Q6 F8O Lo
060 G65 PI9200 X10 Y10 U20 DS UZ20 HS (c) MTS GmbH
ccept 2 Select 3 4 5 time 6 3D-view ? Graphic 8 Quit
programn range override display
NO55 G80
NO60 GO 720 M9
NO65 G91 G28 Z0 M5
NO70 G90 G49 G40
NO75 M30

© MTS GmbH e Berlin
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CAD/CAM Milling

3 CAD/CAM Milling

3.1 From a drawing to a finished work part:

In contrast to manual NC-programming the CAD-CAM-system supports the programmer in many aspects.
The system does some of the preparing work for example the computing of not measured contour points.
The system directly takes the geometries, so the input (coordinates etc.) is automatically right.

Using a cutting value table cutting speed etc. can be set automatically.

For automatic programming the sequence of operations for generating an NC-program is as follows:

1. First the work part must be geometrically defined. A representation of the finished part as
well as the blank is necessary.

2. Subsequently, the individual machining operations are specified. The programming system
assists the programmer in selecting the appropriate tool and automatically calculates the
necessary cutting data.

3. Finally a NC-program for a specific CNC-machine tool with a specific CNC-control is
generated and can then be transferred to the machine.

It follows a description of these steps.
3.1.1 basic concept on the use of CAD data for NC production in milling

The main goal of a CAD-system has been a simplified generation of technical drawings. Advantages lie in the
possibility of making changes easily, copying and printing several times the drawing.

Using the CAD-system only the drawing itself was generated, other information like measures or tolerances
had to be set manually.

The CAD-CAM-system has a much wider range of tasks. The system should generates directly from the
drawing NC-blocks for the production of the part. This means all points and contour elements have to be in
the system with required tolerance.

From this follows:.

the input of each coordinate has to be done with the highest precision possible.
You should use numerical input or the other help functions like auxiliary contours or trapping functions.
Contours can be used in the CAD-CAM-system for automatically generation NC-programs, if the construction
has been done appropriate. Every contour has to be a ,contour string“. The INCAD-system supplies the

function ,contour string” and a ,contour tracing” function, if elements of a contour are not generated using
~contour string”.
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CAD/CAM Milling

3.1.5 CAD/CAM drawing

We want describe the function and the using of the INCAD-system milling by programming the NC-program
for the following plate. It is to be manufactured as individual workpart on a CNC milling machine.

Fit size |Deviation
I
blank 100 x 100 x 30 mm } ®
‘ M
clamping height 70 mm ! % %
M8 g 20 W
material AlMgSil
{é N ! J@
A R
g ‘ &
g — |
e |
| sl T e
= _ ! _i
40
60
70 / Rz 32
80
Established by INCAD eneral tolerance Scale
Version 3.1 ' \ESD E;BB‘fm E]—@
|
= PLATE
?ﬂﬁ T E:E NC program No(s).: E?QM
tat] Alteration Uate Namel RMacmt for | Heplaced by
WORK PLAN
contour milling TO1 shell end mill MW-040/032 HSS I1SO 2586
pocket milling T11 slot milling tool MS-18.0/063L HSS ISO 1641
core hole drilling O 6.8 | T12 drill DR-06.80/069 HSS ISO 235
threading M8 TO2 tap TA-M08.0/1.25 HSS 1SO 2857
predrilling O 19.8 TO4 step drill DS-19.8/11.5-118 HSS ISO 3439
reaming 20H7 TO8 reamer RE-D20.0/H7 HSS ISO 521
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CAD/CAM Milling

3.2.1 Starting NC programming system milling

Before starting the mill program you should choose a zoom window, so that only necessary elements are

visible.

activating CADCAM-System
milling

Foskel_icr pnt =

Grd  Prj  Cen’ Spc  Confux Lrl’ "Lr3

lain Menu

|

w
| =
|

30

Zi

% %

W&

T
@ o2n "

Fir diese Unkeragen behalten
wir ung alle Aechte vor.

i1l Program
fibort

Turn Program|

Bave & Quit
Gener. tool
Load Workp.
Input system
Plot window
Plot screen
Plot ~ scalg]
Bave drawing|
Load drawing|
Layer Menu
Dimens ioning]
Bereen Menu
Design Menu
Edit Menu
Entity Menu

Automatic Mittellinie Drawing PLATE_1

MTS INCAD 6.0

3.2.2 Selecting CNC machine

Starting the mill program some steps have to be done (only once) as a basis for what follows. They are
necessary and cannot be changed during generation of the NC-program.

selection of milling machine
»,MAKINO FX 650“

Select milling machine

MTS UMC 50 Control ~» MTS UMC-1600x1325x1250-1S0
MIS UMC 40 Control ~» MIS UMC-B0Ox500x500-1S0 40
MIS UMC 30 Control ~» MIS UMC-500x380x300-1S0 30
MIS Large Size UMC Control ~» MTS UMC-1400x1400x
MTS UMC Control ~ MIS UMC-550x550x500

FANUC IS0 Control ~» MIS UMC-550x550x500

FANUC OMC

AKIND FX650

(C) 1997 MTS GmbH - Berlin

Machine : MAKIND FX650
Control : FANUC 16M
Harduare : MIS Milling Harduware
Xmit : Nknfshard .xcn
i 2 3 4 5 b ? 83election
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CAD/CAM Milling

3.2.4 Defining the location of workpart zero point

Every NC-program requires a workpart zero point, to which measures relate. You choose this point before the
programming, if necessary, it can be changed later by using zero point shifts.

deflnlng the blank Fbshel icr pnt = Grd, Prj Cen’ Spc Confux Lrl Lr3 Main Menuw
o Turn Program
— Mill Program|

|
|
|
V | i} A Abort
e + /I Bave & Quit
Gener. tool
—M Load Workp.
Input system
Plot window
Plot screen
o P Plot ~ scalg
’@ - - @ Bave drawing]
~ i Load drawing]

|
f Layer Menu
qﬁ:’g Dimens ionming]
+ | i Bcreen Menu
| Design Menu

Edit Menu
@ Entity Menu

1
entify rectangle for blank part or press <FZ> for blank dimensioms?

30

40
60
70
80

14.396 y:  50.181 Automatic Mittellinie Drawing PLATE_1 MIS INCAD 6.0

You identify the blank part in a dialog:
Identify rectangle for blank part or press <F2> for blank dimensions!

Click with the mouse to identify the blank part in the top view. Then you have to enter the height or identify it
in the front view.

Enter height numerically : <F1>, define by 2 points : <F2>!
Pushing the <F1> key you see the following prompt:
Enter blank height !
Now you can enter the height, in this example 30mm.
Selecting the work part zero point the clamping situation has to be taken into account. In this example there

are some go through holes, so there has to be a distance to the machine table. The procedure is the same as
with the height:

<F1> for clamping height numerically, <F2> for defining by two points !
Pushing the <F1> key you see the following prompt:
Clamping height :
In our example we use the clamping height 70 mm.
Note: With the machine MAKINO FX650 we have a special machine configuration:

The machine range in the Z-axis begins with 150mm. This value has to be added to
the clamping height. Therefore the clamping height = 0 is not allowed!

In our example we enter a clamping height of 220mm!
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milling contours

NC program generation: contour milling
Activating the function ,Contours” starts the generation of NC-commands.

cutter radius compensation
Before selecting the contour you can activate cutter radius compensation and choose the position of tool
relative to the contour. To do this, activate the appropriate switches with the mouse.

G41  tool left to contour
G42  tool right to contour

switches for contour milling
Hatching OFF

CRC
G111 G412
Rapid Feed

Direction
HC-ContSeqm.

HC Contour
Mill. Menu

The positioning movement can be in rapid speed or in infeed. In most cases the tool will move in rapid speed,
to do so, set the switch ,Rapid/Feed" with the mouse to ,Rapid"”.

selecting a NC contour to be machined
After activating the function ,NC Contour” you start with the selection of the contour to be milled through the
following dialog.

Identify NC-entity at the start point !

Fbshel icr pnt = Grd Cen’  Spc Gen. contoury
Group Ent.

Def inelindou

select a contour

18

30

A7 7]

e [poow
; | Hatching OFF
; - CRC
e 7
O- -6 G4l G4z
1 I ~~ \i’ Rapid Feed
/f I \q%\ Direction
+ |
H e NC—ContSegm.
| NC Contour
@ Zhill. Hem
a4+ — — [o=] pre] pre] Bre
| @ | @
& i
\\ ' /
P e ! = !
o T —
fF 1
y: Automatic Mittellinie Drawing PLATE_1 MIS INCAD 6.0

With the mouse select the contour, which is marked then by colour.
This entity <F2>, Next entity <F1>

With <F2> yyou confirm this contour. Pushing <F2> a second time marks the passing direction of the tool. If
this direction is not correct, you can change it with the function ,Direction”.

Press <F1> to generate NC-program , <F3> to abort !

With <F1> you confirm every input.
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milling pockets

3.2.7 Pockets

With the INCAD-system you can create NC-commands for manufacturing pockets. You have to enter the
necessary technological data or activate existing ones. The geometric data are automatically created through
the graphical selection in INCAD. You have to consider, that a contour is a rectangle, circle or ,contour
string“.

Following different pocket/pin cycles are available:

G87- Rectangular pocket cycle G88 - Circular pocket cycle

' o —

A B

G89 - Pin cycle
vA

~<

o

By

% o GOl/GOZ/GOS-G4.1/G-42

/ @ gl?grtf?:\trivpeo _((:::(:élgl\\ll\;?zelS/Iilggzterclockwise
% y // : Starting point for downfeed

74 W

© MTS GmbH - Berlin 133



CAD/CAM Milling

tool selection
First we choose a slot milling tool with a diameter of 18 mm and place it at position nr. 2 in the magazine.
We click the menupoint ,tools" with the mouse.

First we select with the cursor the second position, so that its frame is marked then. Then we open the
window for selecting tool groups with <F1> ,Equipmagazine” and mark the chosen class of milling tools.

select ,Equip turret* 1 Equip F2 Manage- F3Informa- F4Delete F5
turret ment tion tool

with <F1>

Se|eCt W|th the arrow taSte the Tool Management Milling Selection of a class of nillgﬁ; 11;22?;”8 GmbH — Berlin

class of milling tool End mill

[51ot milling tool

T-slot cutter

HTH 1 Shell end mill
»Slot milling tool Face milling cutter
Radius cutter
Corner tool (Type A)

. . Corner tool (type B)

and confirm with<F1> e *
Tap
Drill
Insert tip drill
Step drill
Core drill
Concave type cutter
Side milling tool

iSelect 2Z 3 4 5 6 7 8 Return
tool

In the menu for slot milling tools select one tool and confirm with <F8>.

Se|eCt Wlth the arrow taSte the Tool Management Hi”i“gsglgct <lot cutter (C) 1995 MTS GmbH — Berlin
slot milling tool H5-14.0,026K HSS 150 1641

1S-14.0.053L 030 150 1641
1S-14.0.053L 050 150 1641
MS-18.0/063L HSS ISO 1641* 1MS-14.0.053L HSS 150 1641
» . 1MS-15.0026K HSS 150 1641
1MS-16.0-032K HSS 150 1641
151600631 030 150 1641
. . 151600631 050 150 1641
and confirm with<F8> MS-16.0,063L HSS 1SO 1641
MS-17.0.032K HSS 150 1641
1MS-18.0032K HSS 150 1641
1518 00631 030 150 1641
1518 .0,063L 050 IS0 1641
115-19.0,032K HSS IS0 1641
1S-20.0.038K HSS 150 1641
152000751 030 150 1641

iDisplay 2Select 3Display 4 5 6 ? B8Selection|
tools tools mount ing
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drilling

3.2.8 Dirilling

With INCAD you can create NC-commands for drilling, trapping and reaming. You have to enter all necessary
technological data or activate existing ones. All geometric data are automatically generated by INCAD after
related shapes are selected. Take into consideration that all boreholes are represented by circles!

Following different drilling cycles are available:

G8L1 - Drilling cycle G82 - Drilling cycle with chip breaking
ZA ZA
Withdrawal plane Withdrawal plane
S, S S . . L
W i Clearance plane | [V j, Clearance plane
AT e~ I Wz N T IN T T TT T
& ‘ | LA >
| X K | X
z ! z L <
: =L
| I
h 4
iz A9

G83 - Drilling cycle with chip breaking and chip-removal G84 - Tapping cycle

ZA A

Withdrawal plane

o J_ _ Withdrawal plane Y N [+
W ol L I Clearance plane

Clearance plane £--}----Y-------
“-"I_“‘_“ N T XTI @\a !
g |
X .

> ¥

G85 - Reaming cycle

2 N

Withdrawal plane

b
@I !
1 }
b
%:!
]
|: X
)
] !
b
Qi
1 P !
R
[N
| = !
18 :
:'Q ]
'3
=¥

© MTS GmbH - Berlin 139



CAD/CAM Turning

4 CAD/CAM Turning

4.1 NC program generation turning

4.1.1 CAD/CAM drawing

We want describe the function and the using of the INCAD-system turning by programming the NC-program
for the following bolt. It is to be manufactured as individual workpart on a CNC turning machine.

Fit size | Deviation
blank 065mm x 102mm
B) 2x45°
chucking depth  22mm &y 1,9x45°
. X
material AlMgSi1 ﬁ\@ =
g Y o X s
o 3
g 5,2
£ Y @ &
= & ﬁ% :
s
/Rz1ﬁ(©/)
Estap\\shed by INCAD General tolerance Scale ‘
Version 3.1 50 2766-m E—@
.
stal chmi
- BOLT
i rogram Notsl.: Page 1
MTE [ [
Etat \terat@ Date ame HB_’_EacEment Tor [_Fenlaced D
WORK PLAN
face turning TO1 left handed corner cutter
centring T11 centring tool
drilling T12 twist drill
contour roughing TO2 left handed corner cutter
contour finishing TO4 left handed corner cutter
recessing TO6 external recessing tool
threading TO8 left handed threading tool
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CAD/CAM Turning

4.1.2 Starting the NC programming system turning

Before starting the turn program you should choose a zoom window, so that only necessary elements are

visible.

fux  LriLlrZlr3 Main Menu
T

calling CADCAM-System turning SR I SE T

150

a0 o @/ x4

& 60
& 36
|

Tosa j LEEE

urn Program
i1l Program

1.9><45” / ) fibort

Bave & Quit
Gener. tool
>< Load Workp.

Input system
Plot window
Plot screen
Plot ~ scalg]
Bave drawing|
Load drawing|
Layer Menu

MZ4x1,5
225

| =

@ 40

Dimens ioning]
Bereen Menu
Design Menu
Edit Menu

Entity Menu

98 -0y
704

c]els]

AR 0.1
45941

385
0,1
a

y: Automatic 0
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4.1.3 Selecting the CNC machine

Starting the turn program some steps have to be done (only once) asab
necessary and cannot be changed during generation of the NC-program.

asis for what follows. They are

selecting the turning machine Select lathe
~OKUMA LB15*
MIS TC CSP DRT Contro
FANUC IS0 Control ~ M
SINUMERIE IS0 Control
0OKUMA LB1S
Machine : DKUMA LBiS
Control : 0SP5020L
Harduware : MIS Turning Hardware
Xmit ¢ Nknfshard .xcn
i 2 3 4

MIS TH Control ~ MIS TH-042x500x1000

MIS Large Size TH Control ~ MIS TH-100x1200x250
MIS TH CSP Control » MTIS THM-CSP-042x400x2000
MIS TC DRT Control » MTIS TC-DRT-042x400x2000

(C) 1997 MT3 GmbH - Berlin

1 » MTIS TC-CSP-DRT-042x400
T3 TH-042x500x1000
# NI3 TH-042x500x1000

] il 7 83election
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4.1.5 selecting drawing elements for NC programming
For the following programming steps the necessary grafical entities must be selected.

<F1>: Select entities , <F2> entire drawing, <F3> abort !

Grouping

selecting entities

-0

|
|
|
N ILU il
_____ . I N B D _| UTouched
|

—
>

<+ Contained
[aN] Entity
=

///7 Delete
Insert

Back

T o0
@ 40
Z 36
1
|
|
|
|
|

36+

l
—
—

I
I = = S S =
T + T B

am] S} Lo o

o Lo = (¥}
| sco
Enter  End point of the rectangle 1
Z: 281.211 x: 397.52Z Automatic 0 Drawing PAL-DRE MTS INCAD 6.0

By presssing the <F1> key the following dialog appears:

Enter start point of the rectangle !

Enter end point of the rectangle !

Use the mouse to create a rectangle which contains all necessary entities. The selected entities are marked
with another colour. Confirm the selection by calling the ,back” function with the mouse.

iti i I o T 1 ST Fatn flem
selected entities o p— LA e

Turn Program
<00
I~ Mill Program|

Abort

Bave & Quit
Gener. tool

Load Workp.

Input system
Plot window
Plot screen
Plot ~ scalg
Bave drawing]
Load drawing]
Layer Menu

Dimens ionming]

Bcreen Menu
Design Menu
[ Edit Menu

Entity Menu

| sca

Identify centre line in longitudinal section or <FZ> for wumerical definitiom?

E: 263.690 x: 357.200 Automatic o] Drawing PAL-DRE MIS INCAD 6.0

The centre line must be selected with the mouse.
Identify centre line in longitudinal section or <F2> for numerical definition
Finally the workpart must be selected with the mouse and confirmed with<F1>.

Identify workpart in longitudinal section !

<F1>: Accept entity as workpiece, <F2>: another piece !
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4.1.6 defining blank

The INCAD-system hides all unselected entities, generates a new view from the workpart and shows

information about his volume and his weight.

Part data: (<F1> to continue)

Volume : 141.520 ccm Weight : 382.102 grams

By pressing the <F1> key the following dialog for the blank dimension appears:

Blank Length =102.000 Diameter = 65.000

InnerDiam. 0.0

fibsRel icr pnt — SupGrd (B IPr I CenipliSpe
T

lain Menu

defining blank

o 50

| .

Turn Program|
Mill Program

fibort

Bave & Quit
Gener. tool
Load Workp.
Input system
Plot window
Plot screen
Plot ~ scalg]
Bave drawing|
Load drawing|
Layer Menu
Dimens ioning]
Bereen Menu
Design Menu
Edit Menu
Entity Menu

Blank Length = 102.0 Diameter=
E: 94.315 x:  24.160 Automatic [}

65.0 TmerDian. N

Drawing PAL-DRE

MTS INCAD 6.0

Use the tastatur to write the desired dimensions or confirm with the <Enter> key. The INCAD-system asks for

a centring of the blank by the following prompt.
Centring ? (Y/N) N

The standard answer from the system is No. Confirm it by pressing <Enter> .

Finally a shift of the blank can be entered by the following dialog

<F1>: Accept blank part position, <F2>: shift in Z-direction!

lain Menu

|

blank pa.rt l)ZREl icr pnt = unwidmlntuh
| 50

, VA

e
do

i N

>

Turn Program|
Mill Program

fibort

Bave & Quit
Gener. tool
Load Workp.
Input system
Plot window
Plot screen
Plot ~ scalg]
Bave drawing|
Load drawing|
Layer Menu
Dimens ioning]
Bereen Menu
Design Menu
Edit Menu
Entity Menu

E: 97.648 x:  26.953 Automatic [}

<F1>: Accept blank part position, <FZ>: shift in Z direction?
olume : 338.467 ccm  UWeight: 913.86Z grms

Drawing PAL-DRE

MTS INCAD 6.0

Confirm the blank part position with the <F1> key.
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4.1.7 Selecting clamping devices
The INCAD-system offers a chuck.

offered chuck Fbstel dor pat — SeGed e i engEpe Thuck Fom

=100 =50 ICI 50 100

| Chuck onof f]

B Chuck. lengt!
| 100 Chuc*. diam.
grafic

max. length

Chuck diam
iews aboue

Re—chuck

Flip part
CouSp Trans.
Main spindlg

1=

Turn Menu

Identify chucking lenght on blank, <FZ> for numeric input ?

E: 76.916 x:  61.379 Automatic [} Drawing PAL-DRE MTS INCAD 6.0

You can choose the chuck by calling the ,Main spindle” function with the mouse. Use the <F1> or <F2> key
to select the desired chucktype.

selecting a chuck

[F1Previous FZ Next F3 F4 FS50N ~ OFF F6Clamping F?7 F8 fAccept
chucktype  chucktype tailstock optional

Press <F8> to confirm your choice.

Select the chuck ,, KFD-HS 160" by pressing <F8> (Return).
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4.1.11 survey over possible machining sequences

Machining sequences and procedures you have to use in MTS-Code independant of your selectedmachine
and control. With a postprocessor the system generates an NC-program in the control language of your

control for example OKUMA.

SURVEY OF PROCESS CAPABILITIES

Cycles G81
G82
G83
G84
G31
G79

Straight Roughing Cycle / Optional contour
Cross Roughing Cycle / Optional contour
Contouring cycle - Multipass cycle

Deep drilling cycle

Threading cycle

Recessing cycle

G81  Straight Roughing Cycle / Optional contour G82  Cross Roughing Cycle / Optional contour

u first-

contour point

starting paint

Y first
cantour point

Dw

o e B B
7 7
X z
G83  Contouring cycle - Multipass cycle G84  Deep drilling cycle
last drilling depth AX
travel range limitation X
e R
777777777777777777777777 starting point
starting point
S
first
_~~ contour paint
Y clearance
contour points plane
,,,,,,,,,,,,,,,,,,, 4> I —
Ve
-l i
V4
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4.2 programming the machine sequences

In principle this is the procedure for generating NC-programs:

1. loading
a qualified CAD file

2. starting

NC programming system turning

3. selecting

the CNC-machine

4. selecting

the blank material

5. defining the location

of workpart zero point

6. programming
the machining sequences

programming a machining sequence

tool selection
defining technological values

selecting contours for geometrical data
defining approach and withdrawal strategy

7. saving
the generated NC-program

8. simulating
the generated NC-program

With the following machining sequences we’ll describe the possibilities of the CAD-CAM-system.

WORK PLAN
face turning TO1 left handed corner cutter
centring T11 centring tool
drilling T12 twist drill
contour roughing TO2 left handed corner cutter
contour finishing TO4 left handed corner cutter
recessing TO6 external recessing tool
threading TO8 left handed threading tool
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4.2.4 Straight roughing

The cycle G81 is a straight roughing cycle with movements parallel to the Z-axis by selecting an contour. It
can be programmed for either internal or external machining.

straight roughing cycle

Y First
jcontour point

At first activate the function ,straight roughing Cycle” by selecting the menupoint ,convnt.Tools" with the
mouse and after that the menupoint ,Straight rgh“.

tool selection

In the work plan an the set-up sheet the following machining sequence and tool are described.

contour roughing

T02

left handed corner cutter

TO2 left handed corner cutter

CL-SVJCL-2020/L/1604 1SO30

We click the menupoint ,tools” with the mouse. First we select with the cursor the second position, so that its
frame is marked then. Go back to the turn menu by confirming with <F8>.

defining technological values

For the machine sequence ,contour roughing”“ cutting values are required. You can get these data
automatically from the INCAD-system by activating the function ,CutValuesOn®.

In the following dialog you can confirm all answers with <Enter> or change if desired the value with the

keyboard. In our example we confirm all.

Coolant M08
m/min: 200

Feed(mm/rev): 0.25
Speed lim. 3500

Move to the tool changing point: 'Y Approach opt.: 0

CRC: N
Autofinish N

Finishing allowance Z :0.2

Downfeed: 2.00
Finishing allowance X :0.2  Finishing allowance parallel :0.0

© MTS GmbH e Berlin

193



CAD/CAM Turning

selecting the contour to be machined

The system asks for the starting point of the contour
Enter starting point !

Use the zoom function with <F6> for showing the details. Click with the mouse at the following point. Use the
automatic trapping function by selecting in the swith line.

Geomet. Df.

Startlng p0|nt fibsRel ic‘r pm;. = onmhi‘dmmtmnd&

o1
-0 -9

Roughness
Nominal Dim.
Tolerance

FinishdCont .
Rough Comt .
Displaymenu

Change feed
ChangeDrient]
Abort

| 10 Trap

Contour par.
K-parallel
E-parallel

B [back
Cont inue

[End

Enter starting point?

E: -2.012 x: 10.078 o] Drawing PAL-DRE MIS INCAD 6.0

Enter next point !

The system asks for the next point. Activate the trap function with the switch , Trap“ and click with the mouse
at the following point.

ﬂeXt p0|nt Of the Contour TI)SREI i‘cr it = I1-_j1111;(2l?nl ]][‘: ‘ . . ‘ ‘ Geomet . Df.
_}BQ\\\\ -0 o Roughness
Nominal Dim.

using the function ,Trap“ ['x Tolerance

FinishdCont .

Rough Cont.

I~ Displaymenu
Change feed
Changelrient]
fibort

Trap
Contour par.
K-parallel
] L E-parallel

=

back
| [y Cont inue

[End

Select an entity on the workpart 1

E: —16.862 x: 19.908 Intersect.pt. 0 Drawing PAL-DRE MTS INCAD 6.0
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Now activate the the switch ,Z-parallel* and click with the mouse at the following point.

next point of the contour

using the function ,Z-parallel”

Geomet. Df.

FEsRel _icr pnt — Roerd JEIPr jIntCeniRiSpc
T = T T T T
o thx 50 '

s

A

g

Roughness
Nominal Dim.
Tolerance

FinishdCont .
Rough Comt .

Displaymenu

Change feed

ChangeDrient]
Abort

Trap
Contour par.
K-parallel
E-parallel

[back
Cont inue

[End

[Enter next point ?
E: -58.199 x: 19.908 Intersect.pt. O Drawing PAL-DRE

MIS INCAD 6.0

Use again the trap function with the switch ,Trap“ and click with the mouse at the following end point

end point of the contour

using the function ,Trap“

Geomet . Df.

FrsRel_icr pnt - wGrdyIlar jintCeniepe
b T : = T - : . T T : T
_}mi\\\ -50 a

b

=

Roughness
Nominal Dim.
Tolerance

FinishdCont .
Rough Cont.

Displaymenu

Change feed

Changelrient]
fibort

Trap
Contour par.
K-parallel
E-parallel

back
Cont inue

[End

[Enter next point 1t
Z: -73.899 x: 30.094 Intersect.pt. 0 Drawing PAL-DRE

MTS INCAD 6.0

Confirm these entries with the menupoint ,End"
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defining approach and withdrawal strategy
For the approach movement activate the function ,,Cont. par.” and click right of the workpart.

approach movement 'fTPsRel icr pnt - rjIntCtlenI pC I . ‘ ‘ ApprRetrien
o -80 ~ -4d -20 D
~
B .
.
.
~ Displaymenu
40 ~

N Abort

N Point entry
™)
D//////// ™ % Par. X-fAxis
E X N Par. Z-Axis
I P A N Cont. par.
™)
/({//// RS2
Approach strategy: Enter starting point ?
: Z2.889 x: 7.240 Intersect.pt. O Drawing PAL-DRE MIS INCAD 6.0|
Enter the distance to the workpart with the keyboard
Incremental value : 1
and confirm with <Enter>. The following prompt appears:
Retreat strategy: Enter final point !
For the retrat movement activate the function ,Cont. par.” and click over the workpart.
FrsRel_icr pnt - wGrdyIlir JintCeniiepe \PPTrRcLricm
retreat movement i ot B T — — e
N
™
Displaymenu
40 ~

fibort

> Point entry
~ Par. X-fixis
.
El ~ Par. Z-Axis
- -
Cont. par.
4 - [ )
W
.
.
AN
i .
N
Retreat strategy: Enter final point 1t
: —77.064 x: 35.268 Intersect.pt. 0 Drawing PAL-DRE MTS INCAD 6.0

Enter the distance to the workpart with the keyboard
Incremental value : 4
and confirm with <Enter>. At least confirm all with <F1> three times.

<F1> to accept starting and end points, <F2> other selection

<F2> to entr the cycle invocatn oint, <F1> to cont. !
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4.2.5 Finishing contours

At first activate the function ,finishing contours” by selecting the menupoint ,,convnt.Tools" with the mouse
and after that the menupoint ,Finishing"“.

tool selection
In the work plan and the set-up sheet the following machining sequence and tool are described.

contour finishing TO4 left handed corner cutter
TO4 left handed corner cutter CL-SVJCL-2020/L/1604 1SO30

We select with the cursor the fourth position, so that its frame is marked then. Go back to the turn menu by
confirming with <F8>.

defining technological values
For the machine sequence ,contour finishing“ cutting values are required. You can get these data
automatically from the INCAD-system by activating the function ,CutValuesOn*.

In the following dialog you can confirm all answers with <Enter> or change if desired the value with the
keyboard. In our example we confirm all.

Coolant M08 Feed(mm/rev): 0.10
m/min: 300 Speed lim. 3500
Move to the tool changing point: Y Approach opt.: 0

selection of the contour to be machined

The system asks for the starting point of the contour
Enter starting point !

Use the zoom function with <F6> for showing the details. Click with the mouse at the following point. Use the
automatic trapping function ,Int“ by selecting in the swith line.

H H FrsRel_icr pnt ECon, iLIPr jIntCenl C Geomet . Df.
starting point eI S TSRl : - ‘
14 Roughness
I~ Nominal Dim.
Tolerance
FinishdCont .
Rough Cont.
Displaymenu
Change feed
Changelrient]
fibort
1z Trap
Contour par.
K-parallel
E-parallel
back
Cont inue
[End
iy|u}
[Enter next point 1t
Z:  -Z2.003 x: 10.094 Intersect.pt. 0 Drawing PAL-DRE MTS INCAD 6.0
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Enter next point !

The system asks for the next point. Activate the trap function with the switch , Trap“ and click with the mouse

at the following point.

next point of the contour h'hsnell Tor pnt = rjIntCellﬂ e : : ‘ : Geomet. DF.

=50

| =0

using the function ,Trap“

zo

-<4D -30 -20a =10
Roughness
Nominal Dim.
Tolerance

FinishdCont .
Rough Cont.

Displaymenu

Change feed

Changelrient]
fibort

Trap
Contour par.
K-parallel
E-parallel

back
l Cont inue

[End

Select an entity on the workpart 1

E: —10.132 x:

19.960 Intersect.pt. O Drawing PAL-DRE MIS INCAD 6.0|

Now activate the the switch ,Z-parallel* and click with the mouse at the following point.

next point of the contour [Tt i

using the function ,Z-parallel” B

-1

t — Roerd JEIPr jIntCeniRiSpc Geomet. DF.
T = T T T T T
-50 a
Roughness
Nominal Dim.

Tolerance

FinishdCont .
Rough Comt .

Displaymenu

Change feed

ChangeDrient]
Abort

S

Trap
Contour par.
K-parallel

ey 7 N A E-parallel

[back
Cont inue

[End

Identify end point or <F2> to intersection point with contour?

E: -58.251 x:

20.094 Intersect.pt. O Drawing PAL-DRE MTS INCAD 6.0
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tool selection

In the work plan and the set-up sheet the following machining sequence and tool are described.

recessing TO6

external recessing tool

TO6 external recessing tool

ER-SGTFL-1212/L/01.8-0 ISO30

We select with the cursor the sixth position, so that its frame is marked then. Go back to the turn menu by

confirming with <F8>.

In the following dialog you can confirm all answers with <Enter> or change if desired the value with the
keyboard. In our example we confirm all.

Coolant M08
m/min: 300

Feed(mm/rev): 0.05
Speed lim. 3500

Move to the tool changing point: 'Y Approach opt.: 0

ClearDist. 2.00 Allow in Z 0.00 Diam Allow 0.00
H H H FbsRel icr pnt — Berd JEIPr jIntCenl pc Recess Menu
confirming the recessing cycle e~ Bt Jiweee - -

| ==

Fin. contour]
Rgh contour
Displaymenu

20

Gen. cycle
Hide Recess

Displ.Recess]

ConuTls mew

Press <F1> to continue

E: -46.245 x: 18.018 Intersect.pt. O

Drawing PAL-DRE MIS INCAD 6.0

Press <F1> to continue

Confirm all entries with <F1>. Do the same with the second recess:

confirming the recessing cycle for
the second recess

20

fbsRel 1 t - fTPr jIntcen] T i
skel icr pnt r“] ntCen) e — . . — ecess Menu
Fin. contour]
- Rgh contour
Displaymenu
- Gen. cycle
= Hide Recess

Displ.Recess]

ConuTls mew

Press <F1> to continue

E: -54.429 x: 17.995 Intersect.pt. O

Drawing PAL-DRE MIS INCAD 6.0

Press <F1> to continue

Confirm all entries with <F1>. Leave this menu with the menupoint ,ConvTls menu*
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defining outer diameter of threading and

threading geometry

The system asks for the threading surface. Click on the following entity with the mouse.

selecting the threading surface

. Conunt . Tools|

PBsRel _icr pnt — Baerd JEIPr jIntCeniliSpc
L - I
= -15 Lo

696  GIY
694 GIS
Finishd Cont]
Rough Comt .

Rapid traurs]

Cross rgh.
Btraight ryg
Cont | IRough
Forg die cyc
TraceContour]
Finishing

Centring
Drilling
Thread cyc
Recess

Turn Menu

Thrd fmg = 30.0000 Depth =

Z:

0.9200 Lead =

x: Intersect.pt. O

1.5000 Cuts =

Drawing PAL-DRE MIS INCAD 6.0

Enter the following values in this dialog:
Thrd.Ang = 30 Depth =

0.92 Lead =15

Cuts =10

Then the system asks for the start and the end point of the threading cycle.

Enter first point of cycle

Click with the mouse in the right of the thread and confirm the following prompt with <Enter>

Allowance in Z: 0.0

Enter second point of cycle

Click with the mouse in the left of the thread and confirm the following prompt with <Enter>

Allowance in Z: 0.0

identifying first and second point
of the thread

fibsRel

B

icr pnt =

onGTH i dgk It SEnd ST
T

Conunt . Too1s]

=20 —=10

| =0

G965 GI7
G314 GI5
Finishd Cont]
Rough Cont.

Rapid traurs

Cross rgh.
Btraight rg
Cont | IRough
Forg die cydg
TraceContour]
Finishing

Centring
Drilling

Thread cyc
Recess

Turn Menu

e

-19.712 x: 1z2.107 [}
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Leave this menu with the menupoint ,Turn Menu®“.

Then you can simulate or save this NC-program in the same way as in CAD-CAM-milling!
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