EMCO F1-CNC

Basic

The use of CNC-machines will still
increase in the future.

Not only in industrial production also in
small workshops conventicnal machi-
nes will be replaced by CNC-machines.

The application of CNC-technics is not
bound to the classic machine tools
such as lathes, milling machines or to

the metaiworking area. One could say,
nearly every day a new appiication of

CNC technics is realized. Practically .

all occupations such as technical de-
signer, technical manager or sales-
man, skilled worker, methods engi-
neer, controller, etc. will be confron-
ted with CNC-technology in many
ways.

Preface

CNC basic knowledge is important for
everyone of them. How spezialized this
knowledge must be, will depend on the
specific occupation.

EMCO MAIER & CO. is also producer
of CNC production machines and since
a long time experienced and active in
technical education worldwide.

After producing the EMCO COMPACT
5 CNC which is used worldwide suc-
cessfully for years, the EMCO F1 CNC
has been developed.

As the method and the concept of the
EMCO COMPACT 5 CNC has been very
successful, we designed the F1-CNC al-
so that way: the student should work
on the machine from the very first hour.
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Quich change .~ Milling Head 1o
teoling sysiem be swivelled

Many conients which are difficull to explain and aften
nol understood when taugit theoretically, can only be
explained by working on the CRC-maching,

Operating a CNG-machine, milling with different cut-
ters, etc. can only be leamed by practical working.

CHNG milling machines are built in different lypes:
Horizontat, vertical:, portad milling machines, machi-
ning cenlers, etc. Tharelore we designed the machine
50 that CNC miliing — covering atl types - can be per-
formed.

Consider machine and teaching materiaf as & unit. The
book BASIS is developed for the studem. For the tea
char an additional handbeok and Overbead siides are
available. Use this handbook in addition 1o the book
BASIS # you want to do it in a seifdeaching course.
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1. General

— Technological data

— Finding the Chip Removal Values, Speeds
— Mounting the Tools |

— Chucking the Workpieces

1. General



1. Cutting speed (Vs)

d{mm) x T x S{rpm) §

Vg (m/min) = 1000

<
[

Cutting speed

{2
il

Diameter of workpiece

s

il

Main spindle speed

The maximum cutting speed depends on

~ Material of workpiece:

tue higher the resistance of the material,

the lower the cutting speed.

The charts contain the following data:

Vo = 44 m/min for aluminium (Torradur B)
Vg = 35 m/min for soft steel

soft plastics
Ve = 25 m/min for tool steel

hard plastics

- Material of tool:

Carbide tocls allow higher cutting speed
than BSS5 tools.

- : values given in the charts are for
HES tools.

2. Spindle speed (S)

You calculate the speed of the milling
spindle from cutting speed and diameter
of milling cutter.

Vs (m/min) x 1000 |
i

g (rpm) = 4 {mm) x W

Téchnological data

3. Feed Rate and Depth of Cut

F Feed rate (mm/min)

it

t

B

Depth of cut (mm}
Generally: feed rate and cutting speed
depend on

- workpiece material
- performance ©f machine and
- geometry of milling cutter,

Material of workpiece

The higher the material resistance the
larger the feed and the depth of cut
(1imitation by milling cutter gecmetry).

The charts contain orientation values
for the Fi-CNC. :

Connection F - ¢

The larger "t" the smaller "F" and vice
versa.




Procedure

The technclogical data are written into .
the tool specification sheet.

Finding the feed rate and the depth of
cuts

Material: aluminium

(1) pepth of cut (2) pia. of milling
(t = 10 mm) cutter (=10 mm}

vg 5% w e R ;:-77;”&:' g Py ana;c
Fe: WA e fmin e \ Ex oo m/min /

You can also proceed in a different
way: )

' ) i
Feed rate F g L@D Dia. of milling
200 mm/min |1 cutter (10 mmj |

\\H\]erth of cut 4,2 mmi
{

Finding the speed of rotations:

-

Diameter of milling cukter

D

d
# Correct cutting speed for the
Vsl specific material
'

The

g I Spindle speed

same procedure applies for drilling.

PS: Downcut milling -~ Conventional
Milling

The specific knowledge is presupposed.
However, with the F1-CNC the differen-
ces may be neglected.



Milling

— Depth of cut - Cutter diameter - Feed
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Drilling
Diameter of drill bit - Feed
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‘Speed (of rotation) — Cutting speed — Feed

\
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Attention:

When plunging in with cutter, halve feed
values of mill chart.



Service and Maintenance of Machine

Lubrication:

Lubricate guideways of longitudinal, cross
and vertical slide dally using oil gun (I
nipple on vertical slide, 2 nipples left
side underneath longitudinal slide).

Pressure resistant, corrosion-pro-
tective cil with slip-stick reducing
characteristics.

73 mm/sec (cSt) reference tempera-
ture 40° C.

E.¢g. CASTRCL MAGNA BD 68

This corresponds to the CINCINNATI
Specification P47.

Spindle taper for tool mounting

Interior taper of main spindle and tcol taper
have to be free of grease and dust (force
locking} 1

Safety measures

Pay attention to the general and specific
milling safety rules. The knowledge about
them is pre-suppcosed.

Raw material

If you-use aluminium, take only machinable
aluminium.

Advisable material:

Torradur B, Al, Cu, Mg, PB F38, material no.
3.1645.51 according to DIN 1725/1747 or simi-
lar.

Tools

Use high gquality and well sharpened tools only.



1R

- Put collet into nut inclined so that
the eccentric ring grips the groove
of the collet. Screw nut with ccllet
cnto collet chuck.

Clamping of toolsg

Put tool into collet and tighten nut
with cylindrical pin in clockvwise di-
rectidn. For counter-holding of main
spindle put cylindrical pin into col-
let heolder.

Attention:

Spindle taper and tocl taper must be dirt-
and dust~free.

Clamping of Tools

Clamping with coilet chuck

Tools with cylindrical shaft are clamped
with the ccllet chuck.

Note:

Taking out the cdollet:

Unscrew nut. The eccentric ring in the
nut presses the collet out when unscrew-
ing.

Maintenance

Use oil and clean collet and collet
chuck after use. Chips and dirt can da-
mage the tapers and influence the pre-
cision. :

Collets

You find the clamping capacity in inch

- and metric engraved on the collets. Dia-

meters smaller or larger than indicated
must not ke clamped.

M



Clamping with shell end mill arbor

Using the arbor you can clamp tools up
to a bore of 16 mm. The 4 spacing col-
lars serve for adjusting the different

width of the milling cutters. '



1.8

Clamping Possibilities for Workpieces

Clamping bars

The clamping bars are mounted directly
onto the slide depending on the rela-
tive workpiece.

Machine vice with stop
Width of jaw: 6C mm

Clamping capacity: 60 mm

Stepped clamping shoe
Height: 60 mm

For clamping a workpisce you need
at least two clamping shoes.



3-jaw chuck (2x 3 Jaws) 4-jaw chuck {2 x 4 jaws) 4-jaw independed chuck

For holding of round, trian- For holding of round, For nolding of workpieces
gular and hexagonal work- gquare and octogonal centrically and eccentri-
pieces centrically. workpieces centrically. cally.

Adaptor plate

To mount 3-~jaw, 4-jaw chuck
and independent. The adaptor
plate itself is mounted on
to the milling table.

Intermediate plate

TS mount 3-jaw, 4-jaw chuck
and independent. The inter~
mediate plate itself is moun=-
ted on to the dividing atach-
ment. The dividing attach-
ment is clamped to the milling
table with two T-nut screws.

Dividing attachment




The Dividing Attachment |

Operaﬁng tips

TECENICAL DATA

Diameter of rotary table: 150 mm
Worm reduction: 1:40
T-glots according to factory standard

Number of holes in dividing plates:
27,33,34,36,38,39,40,42

CPERATING ELEMENTS

Clamping levers for rotary table {1): §

Clamping levers are loosened during the

dividing operation itself, but must be
clamped before every machiningVoperation,

Indexing pin with handle (2): -

During direct dividing from 15° to 159,
the pin rests into the parameter notches
of the rotary table. During indirect di-
viding (worm dividing) or free dividing
by means of the graduated scale, the in-
dexing pin must be pulled out and swi-
velled to the left.

The graduated scale (3) is for controll-
ing the divisicns.

Crank handle with index plunger {4)
moves the worm which is engaged with
the wormwheel of the rotary table du-
ring indirect dividing.

The ghears serve to facilitate adding

;he number of holes when a fraction of
a turn is toc be added.

Disengaging and engaging the worm:

I The allen head screw (5) is loosened.
T-slots of the dividing attachment When the dividing plate is turned coun-
terclockwise, the worm and wormwheel
are disengaged. The rotary table <an be
turned by hand for direct indexing. By

_'mgg turning the dividing plate clockwise,
mruh ¥ worm and wormwheel are engaged. To faci-
* litate engagement of worm and wermwheel,
éy I the rotary table shcould be moved slight-
. i 4‘ 1y by hand. ‘
?Qé* [ The allen head screw {5) must again be Y

retightened.



Types of Dividing

Indirect dividing:

Indiyect dividing offers many more &i-
viding possibilities and is more accu-
rate because of the worm reduction of
1:4G.

Indirect dividing method:

If the crank handle is turned 40 times,
the rotary table makes 1 revolution
(360°) . With help of the dividing
plates, exact fractions of turns can be
executed.

.

Note

Direct dividing:

Worm and wormwheel are disengaged.

Possibility 1:

Dividing by means of the indexing pin.

' pividing possibility from 15° to 15°

{(i.e., maximum of 24 divisionsg within
360°) .

Possibility 2:

The dividing can be deone freely with
the aid of the graduated scale on the
rotary table.

With indirect dividing the indexing pin is
always disengaged. For manufacturing a
workpliece the rotary table has to be fixed.

The indexing chart:

1st columns: indicates number of divisions

per 360°

2nd column: shows the correspending angle
of the division

3rd column: shows the numbeyr of 360O crank
handie reveolutions which are

necassary

4th column: shows the number of holes to
be added for each index plate



Example of an indirect dividing operation:
Desired division: 13 divisions in 360°

From the indexing table it <¢an be seen
that at the desired division 13, 3 £full
crank turns must be made plus a frac-
tion turn of 2 additionsl holes on the
indexing plate 39.

Practical execution:

1. The indexing plate with 39 holes is
mounted.

2., in the indexing table one sees that
at the division 13, 3 full turns plus,
3 holes on the 39 plate have to be
added. Therefore, the shears are fixed
s0 that they include 4 holes.

3. The indexing plunger is placed in a
hole of the 39 plate (marked black on
the drawing) and the left shear arm
moved until it touches the pin of the
plunger.

4y

4. Execution of the dividing operaticn:
3 full turns plus the fractional turn
¢f the 3 added holes are made; that
means that the plunger is placed in
the black hole. Cne dividing opera-
tion is completed.

5. Next dividing operation:
The shears are turned until the left
arm tocuches the pin again; the next
dividing operation follows as des-
cribed in 4. above.

NOTE: The shears may not be moved during
the dividing operation, otherwise they
do not serve thelr purpose as an corien-
tation aid.

NOTE: If a larger number of holes has to
be reached than the maximum opening of
the shears allow, you have to set the
difference of holes between the shears.

Example

21 divisions per 360° have to be carried
through. From the chart one can see that
one full turn plus the fractional turn
of 38 hcoles on the disc 42 have to be
carried through. 38 holes cannot be set.

Thus: 42~38=4 holes. When dividing you
make one additional tuyrn (2 turn allto-
gether} and turn back the difference of
4 noles (the shears comprise 5 holes).

it
;



Formula for the Calculation of the Hole Numbers Required
INDEX TABLE z = No. of divisions required for one revolution of the workpiece.
for K = No. of revolutions of handle for a compiete revoiution
MAXIMAT of the workpiece. _
n = No. of revolutions of handle for one dividing move: n = —}é
Waorm reduction of dividing head 1:40; 1. &. K = 40.
8 3
" x ! Amount of holes to be added = o Amount of holes to be added
g, 59 tor each index plate & " 5 for each index plate
518 35 s 18 28
315 %8 T 7 | 3 |98
Z 8 23527 33 34|36 3839/ 4042 | = | & /55127 /33; 34 36|38 /394042
2 1 180° 20 32 1 9 10
1759 19 12 33 1 7 !
170 18] 24 34 1 6 :
160° 17 21 35 | 1 6|
150° 16 18 36 0% 11 3 4
140° 15 15 38 1 2
130° 14112 38 1 1
1259/ 131 24 40| 90 1
312071137 8 11 12 13 14 42 | 40
110012 6 44 | 30
130° 11, 3 45 | g° 24 32
4 0 90°1 10 48 30 35
80°) 8|24 ] 50 32
75 B 9! 11 12 13 14 77 21 28
5 72° 8 ‘ : 52 30|
70° 7121 54 20
.1 68% 71 B 55 ' 24
6 60° 6,18 22 24 26 28 56 30
589 B 3 60 | 6° 18
7 5 ‘ 30 84 ! 25
50° 5 15 85 | 24
8 45° 5] T 66 20
97 40°) 4112 16 88 20
10 36°0 4 » ) 70 - 24
"m0 8 21 , 72 5° 15 20
12, 30 39/ m1, . ;12 18 14 | 76 20
13, 03 3 78 ' 20
14 20 1 |36 80 17 118 (19 20 |21
| sel 22t N 84 \ 20
15, 24° 2118 22 | 24 26 28° | 885 @ - | : 16
6. 2 17,1819 7 20121 88 15
17 2 12 ; 80 | 4° 12 16
181 20°) 218! | '8 N 95 16
197 2 4] 96 15
200 18°] 2 T T 100 t 16
Wit 4 N . i
16° 1|21 P . 120 | 3¢ 8 M 12 13 14
21 e | 38 [ 180 2° 8 8
72 1 a7 300 8
247 15°7 1118 22 24 26 28 | 240 B 6 7
25 1, 24 270 4
26 1 et T Tse0 | 10 3
27 1113 40 2
28 1 18 a0 ! 2
301 120 1 Qi 11 12 13 14 207 i‘t
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2. Handoperation



Traverse — Hand Operation

Display

aAfter switching on the machine, the fi-
gure O appears. Lamps X,¥Y or Z are on.

NG XYZ F
© 000000
DJK_ LT M

0

If you traverse in iX, the lanmp X lights
up. When you take your finger from the
key, the traverse distance is shown in
/100 mm on the VDU. With a distance of
2,45 the display indicates 245.

N G XYZ F
© © 000 © O
DJK LT M

245

If you press the Z-key, the light jumps
to the Z~-lamp. After you lift your fin-
ger from the key , the traverse distance
appears (with 6,28 mm 628 will appear)

N G XYZ F

©© 060900

DJK__LT
628

Minus sign on display

>
<
N

© O

I M

N G F
© ©

DJ K
28

L
- 6

Monitor

The screen shows zero for X,Y,2 when
you switch it on.

X Y 2Z
o 0 O

With the exception of rapid traverse
the indication is shown continucusly
in steps of C,5 mm.

X Y Z
-30 -240 250
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Input of X, Y, Z Zero-Values from any
chosen Milling Position

The display should indicate zero, in
case the milling cutter stands at a
given point (X=0, ¥=0, Z=0).

You can program the X,Y,Z displays to
indicate zero.

The milling cutter is at a distance of
22,15 mm to the workpiece edge in X.
The display indicates whatever value.

In case the milling cutter traverses
in +X dirsction by 22,15 mm, then the
display should indicate the value X=0.

Procedure:

1. The lamp X on the display lights up

2. Press INP - the lamp X flashes

3. Put in the wvalue {noc pluS/"

minus sign, because the milling cut-
ter should indicate with plus "tra-
verse direction 0O"}.

4. Press key INP. The flashing of the
X-lamp stops.

You can enter the ¥,Z values in the

. same way.

When programming minus-values first put
in the figures, then press Key minus.

A

R




Application of Path Programming

in Hand Operation Mode

Zero point for the dimensioning is

the workpiece edge. The milling cutter

shall move to this point. The displays
shall be set zero.

Procedure:

1. Scratch surface, set Z-display zero.

2. Scratch surface in X-direction. Put
in value of milling cutter radius r.

3. Scratch surface in Y-direction. Put
in value of milling cutter radius x.

Note:

You can traverse after scratching as you
like. If you program the zero-point, you
have to add to the X,Y display the ra-
dius value and put it in. '

Exercise:

o

. Program the display X,Y,Z=0 Lf the
milling cutter is positioned onto
the edge.

2. Move the milling cutter to the indi-
cated position.



Switching Feed Motors "Currentless”

When switching on the machine the feed
motors are currsntless. ’

If you have - in hand- or CNC-operation
mode ~ moved the slides the feed motors
stay under power.

Switching currentless - with no program

N G XYZ F being stored
o] Py © °DJ K 3 3 =) |
° 30 gm0 o 1. Switch to CNC-operation mode: Press
25 300 |7
5 » ) i H/Clkey.
MM S,
171818 HiC 2. Press key[-—>]. The light jumps to G.
|
- 4,56 §~i . 3: Key in @ The number appears on the
B 7} 1123 'zl vDU.
B - 0~ ol 4. Press key[INP. Now the feed motors
' are switched currentless.
Switching currentless - with a program
being stored
NG XYZ F GG? is a pure switching function. It is
00D OO not stored.
T DJK LT M = _
OHOM -zl o 1. Press key [—>|so that G light gets
5 ot .
S,
HEC . 2. When a number appears con the VDU,

Ml - press ,,
£ 3. Key in

4, Press key. Now the feed motors
are switched currentless.

EH

Olnit o
lwliojo

= an
=ls




Operating Elements

Control Elements
Hand Operation

1. Main switch

Turn Key to the right. Machine and con-
trol part are under power (except emer-
gency stop button is pressed).

2. Control lamp main switch

When main switch is on, lamp is on.

12 9 8N

Biat
Tt

EYREEE UL H4
it

Tl

3. Emergency stop butten

Control unit, feed motors and main mo-
tor are cut off from power by press-

" ing emergency stop button: turn button

to the left - it will jump back to

- orginal position. Main switch has to

be switched on again.

—



4, Switch for main .spindle’

Turn switch to the right.

5. Turning knob for speed control of
main spindle

6, Ammeter

Snows power consumption of main spindle
motor., In order to protect motor

“against overload, the power consumpticn

should not surpass 2 A with 220~240 V
or 4 A with 10G-110 V.

7. Feed keys for longitudinal, cross and

12. Contrel lamp for hand operation

vertical slide

8. Rapid traverse key

If keys for feed and rapld traverse are
pressed together, then the relative
slide will move with rapid traverse
speed. ’

9. Turning knob for setting the feed
rate

10. Inch/metric switch and switch for

changing the axis system

11, Digital read-cut for slide movement

tx, ¥ v, ¥ 2 are shown in 1/100 mm
or 1/1000 inch.

Plus movement without sign
Minus movement by a light beam

- 125

¥ -1,25 mm or -0.125 inch

13, [8/C) switch key: hand operation/CNC
operaticn

If you press thekey the light of
the contyel lamp hand operation will
jump to CNC operation (operation mode:
CNC). By pressing the key once again
the light will jump back {operation
mode: hand cperation).

The %,Y,2 values are set to zero.

15. The [ ]key

With the[—= ]Jkey vyou can switch from
X to ¥ to Z without movement of slides.

“16. The [INE] key

With the[INE key you enter the values
for slide movements.

17. M-kay

Bctivates switching exits.



Hand Operation F1-CNC

Positioning of the Miltihg Cutter

1. Scratching front sides and top side

With milling most measurements refer Lo
outer edges. In corder to use the measure~
mants of the technical drawing you have
to "zero-set” the display and use as re-
ference/starting point the cuter edges.

Exampie

Milling cutter with dia. lo mm.

Move milling cutter in Z-direction
until you scratch surface slightly.

Set Z-display to zero {(press key
DEL) .

X

Y Z
My Ak O

- Scratch front side in X-~direction..

-~ Bet A-display to zerc (press key DEL)

- Scratch front side in Y-direction.

~ Set Y-display to zero {press key DEL)




2. Zero-setting of Display to Zero Point
of Dimensioning (Example: Milling)

Exampie: Milling of grocve

4} ~ The groove is milled using a & mm
; cuttex.
Ry -~ Zero point for the dimensiconing
is the workpiece edge and surface.
/ ' - The. measures refer to the center of
the milling cutter.
X=0/Y=0 g

Consequence

Move axis of milliing cutter to edge of
workpiece.

a) Scratching of all 3 surfaces and ze-
ro-setting of X,Y,2.

b) Move by value of milling cutter
radius into X-direction. Set X to
"zaro".

DEL

i
{4
-

Oz

O
Ok
z0




c} Move mill cutting by value of mill~-
ing cutter radius into ¥Y-direction.
Set. display to "zere".

DEL

Exercise

Move milling cutter such that all dis-
play values are at “zero". '

Exercise

Mill a recess as in drawing. Enter the
following values:

Spindle speed
3 {(rpm)

Feed mm/min

Infeed in ¥ (mm)

Infeed in Z {(mm}

Pay attention to set correct feed.

R



S

Chapter 3
CNC-Operation — Survey

Operating and control elements

Preparatory functions,
miscellaneous-/Switching functions

Arlarm signs
Possibile inputs

Operation CNC
Operation magnetic tape

3.2~3.3

3.4~3.5
3.6
3.7

3.9

3. CNC-Operation



CUNG-Uperanon (durvey)

Operating Elements
Control Elements
CNC-Operation

OKD - L]
P i o = gifas 2
= 2 g Erdin 5!?( )
= % Sinr il Gso 2y Mo
: =
e %
= *s;iﬁﬁi 1 @ b o 5E;
H e pilazis o ae
Dre e
. -
; T % o
: }ggﬁ*.éé 2

Main switch with removable key. Memo-
ry is being cleared when switching
off. ' :

Control lamp shows the power supply
of machine and controcl unit.

Emergency stop bubtton with interlock.
Unlocking of button: turn button to
the left. To switch on machine, turn
main switch to zero and te 1 again.
When switching off alsc memory will
be cleared.

12 i3
23 B
; - 3 g
8
B "
- + -

HHH

tHEEEy
etpbly
i

PSSR SEE R84
SritiTIiine

F A BAS BB

4. Optional switch for axis system and
for metric .or inch mode of operation.




CNC-Operation (Survey)

i1. Reys for program input, correction,
storing of program on tape, V24
operation etc. (see detailed expla-
nations)

5. Switeh for main spindle

Position 1 (main spindle ON, with-
out MO3}

Position CNC: main spindle is
switched on by programming MO3 and
switched off by MOB, MO&6 (with F4Q)

and M30.
6. Ammeter
7. Magnetic tape
2 7 5 6
8. switch key
Manual /CNC operation 11.1. Number keys[:]«ig}
9. Control lamp CNC operation 11.2. =7 The minus sign key
’ ’ : To enter minus values the minus
10. { START |key sign [~} has to be pressed after
The program is being worked off - input of numbers.

11.3. key (INPUT = storing)
Storing key

12. VDU (display): . 11.4.{DEL] key (DELETE = erase)
Indicates values for address letters Erasing key

and modes of cperation

11.5. [FWD| key (FORWARD}

13, Controel lamp address lEt.terS ?rogram jumps forward nplock by
block

14. Contrcl of milling spindle speed

11.6.[REV] key (REVERSE)
Program jumps backwards block by
klock

11.7. Arrow -Key

Display jumps word by word

11.8, éﬂ key: key for entefing of mis-
cellaneocus functions.




CNC-Operation (Survey)

Survey

Preparatory Functions, G-Codes

GO0 Rapid traverse
V: N3/GO0/X%5/v%4/7+5
H: N3/G0o0/x%4/vis 7ty
GO1 Linear interpclation
V: N3/GOL/x%5/vi4/zts/E
H: N3/GOL/X 4/vEis/zt5/73
GO2 Circular interpolation cleockwise
G 03 Circular interpclation counterclockwise
Quadrants:
v N3/99% %t vty pts p
; GO3 2/
. . Go‘zr ta/vEc otz
I N}/GO,},‘X"‘%/Y—J{Z D/FB
N3/MI9/J2/K2 (Partial -circles)
G004 Dwell
N31/G04
G21 Empty block
N3/GZ21
(325 Sub-routine program call
N3/G25/L{F)3
(27 Jump instruction
N3/G27/L(F)3
G40 Tool radius compensation cancelled
N3/G40
G485 Add tool radius
N3/G4S
(G46 Subtract toocl radius

N3/G46

G447 Add tool radius twice
N3/G47

G48 Subtract tool radiug twice
N3/G4B

G684 Feed motors without current
{switching function}
N3/Ge4d

G65 Magnetic tape operation

’ (switching function)
N3/GeS

{366 Activating RS 232 Interface
N3/G66

- 372 Pocket milling cycle
Vi N3/GTZ/X-5/¥o4/255/F3
H: N3/G72/X%4/vt5

G74 Thread-cutting cycle
(left-hand)
N3/G74/K3/225/F3

G&l Fixed boring cycle
N3/G8L/B~5/F3

G882 Fixed poring cycle with dwell
N3/GE82/255/F3

G83 Fixed boring cycle with chip

removal
N3/G83/Z55 /73




CNC-Operation (Survey)

G884 Thread-cutting cycle G91 Incremental value programming
' N3/G91 -

s +_
_ N3/GB4/K3/Z~5/F3
G982 Offset of reference point

G85 Fixed reaming cycle
N3/G85/215/F3

v: N3/G92/x55/via,2ls
H: N3/G92/%%4/¥Y5/255
G89 rixed reaming cycle with dwell

N3/GB9/Z5/F3

. ) V = Vertical
G900 Absolute value programming

N3/GS0 ' H

Horizontal

it

Miscellaneous or Switching Functions

MOC -~ Dwell
N3/M0O

MO3 - Milling spindle ON, clockwise
N3/M03

MO5 - Milling spindle OFF
N3/M05

MO6 -~ Tool offset, milling cutter radius input
N3/MO6/D5/S4/Z + 5/T3

M17 - Return to main program
N3/M17

Mo8

MO

M20 Switching exits

M21 N3/M2 .

M22

M23

M26 - Switching exit — impulse
N3/M26/H3 :

| M30 - Program end
N3/M30

M99 - Parameters circular interpolation
(in connection with G02/03)
N3/M99/J3/K3 ‘
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AOG:
AOL:
AQZ:
AQ3:
AD4
BOS:
ADb:
AQ7:
AQB:

AQY:
ALCQ: -
All:
AlZ:
Al3:

AlS:

Alb:

Al7:
Al8:

Alarm Signs

Wrong G/M code
Wrong radius / M99
Wrong Z-value
Wrong F-value
Wrong Z-value

M30 code missing
MO3 code missing
No significance

Tape end with cassette operation
SAVE

Program not found
Writing protection
Loading mistaks
Cheéking mistake

Inch/mm switching with full pro-
gram memnory

Wrong mill head position/path in-
¢crement with LOAD _| /M or -~ /M

Wrong Y-value

Value of milling cutter radius
missing ’

Wrong sub-rcutine

Path milling cutter compensation
smaliler zero

1
f
'
H
H
i
H
i
i




CNC-Operation (Survey)

Possible Inputs

" (Otherwise alarm signs)

Metric Inch

Values Unit (mm) Values Unit (inch)
Xy 0-19999 1/100 mm 0-7999 1/1000"
Ay : 0-9999 1/100 mm 0-3999 - 1/1000"
¥y 5-9999 1/100 mm 0-3999 1/1000"
vy 0-19999 1/100 mm 0-7999 ~1/1000"
Zyg 0-19999 1/100 mm 07999 t/1000"
Radii 0-9999 - 1/100 mm - 0-3999 1/1000"
D(X) milling cutter ' '
radius with MO6 0-9999 1/100 mm _ 0~3999 1/1000"
P 2-499 mm/min 2-199 1/10%/min
T(F) teool address
MO6 0-499 1 0-199 1
L{F) jump instruc-
tions O=221
H{F) exit signs M26 0-299
J/K circular para-
meter 0=90

Adresses

N,G,X,Y,Z,F,D,J,KLMT,S,H



CNC-Operation (Survey)

Operation CNC

Storing of word contents

Deleting of word contents

Forward in program block by block
[REV! Backward in program block by block
[EEE Forward in block word py word

M ! Input of M-functions

Program hold:

o) + [F)

Program interruption

[ INP] + [REV] -
VDelete progran
DEL,«&» ‘365 — —+ Put in program

namber —=|[INP|
First |DEL|then |INP

DEL| remains preséed.

Operation — Magnetic tape

Storing of program cn tape

Transmit program from tape Lo memory

Delete alarm .
T G&5 ~s [INP| —+ Select program
Mgl +[ReV] number —e [INP|

Ingert block )
T Delete tape contents

(] - [ang] 665 IND)
Delete block +
+

Single biock mode

Eﬁlﬂlﬂeﬁc. +liﬁ§iﬂ

Testrun:

(]
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Chapter 4
CNC-Basics

CNC-lathe — The control
CNC-machine - Main elements
What happens in CNC-manufacture

Differences in manufacture using a
handoperated or a CNC-machine

This you are going to learn
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Determining the coordinates for

programming in absolute mode 4.53 - 4.55d
Information to the control concerning

the workpiece zero-point 4.57
Fixing the origin of the coordinates on the

F1-CNC (workpiece zero-point) 4.59

Fixing the zero-point of coordinates with
G92 -~ Programmed offset of

reference point 4.61-4.69

Various workpiece zero-points

in one program 4.71-4.73

Mixed programming 4.75-4.77

Connection: G92 ~ Zero-point offset/ ,

M06 ~ Tool lengths compensation 4,79

Some tips for procedure : 4.81-4.83

The M-functions 4.85-4.87
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Types of controls of CNC machine tools  4.91-4.97
Programming - Geometry 4.99-4.143



CNC-Lathe
The Control

Dara INPUT

What ist a CNC-lathe?

- A machine which we feed with figures
and letters
= DATA INPUT

3

A machine which "understands" the data
which processes it and calculates.
= DATA PROCESSING

-~ A machine which passes on this calcu-
lated data in form of instructions.
= EXECUTION
- A machine which follows the instruc—
tion
Meanings in daily use
The meaninqs'chanée quite often in Today NC-machines comprise all types
their daily use. NC-machines were origi- CNC, DNC or AC types.

nally machines with numerical control,
but no microprocessor. Today such ma-
. chines are c¢bsolete. The program was
read in directly from the perforated

tape.

T . 3 T ol G T,

R P o T b



CNC-machine ~ Main elements

CNC — Machine — Main Elements —
A “humanized’* Comparsion

Data Input:
Via keys or magnetic tape

Data on digital read-out

interface element:
can be compared tof
la secretary

'

Central Processing Unit

= Microprocessor. Let's

cail it the director.

He delegates, takes de-
cision, calculates.

A watch gives him the
feeling for time, but

he does not have any
specialist knowledge.

Output element:
Let's call him
press speaker.

Qperating program
(EPROM) =

T

specialists.

They know
everything.

OCutput element (inter-
tace): Chiet operator.
He receives orders and
passes them on.

Memory = BAM
Remembaers the
program

Machine

Amplifier (foreman)

oL S

L

e A A T B



CNC-machine — Main elements

CNC-Machine - Main Elements

Data input ) ) Digital rea_ci.-ouz

Central processing
unit = Microprocessor
{Director)

i W e N

Interface element
(secretary)

Operating prograr‘n =
EPROMS (Specialists)

i Ampiifier
= 7
Cutput element = Ly (foremany) @

(M T
._ | {Chief operator)
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4.4

What happens in CNC-Manufacture

Data input

!

f@dta processing / Data storing]

i
H

Data output]

In the computer nothing happens without
the director. There is a strict
hierarchy.

What happens if you press the key'START?

3. Specialist —# Director:

1. Secretary ~—wDirector:

"They pressed START!"
Director asks memory:
"Did they put in program end M302"

If yes, the program can start.

2. Director —-—Specialists:

We want to machine a groove in a
certain angle.

“Yes, o.k."

4. Directeor ———d=Memory:

"Pleagse give me the datal"

5. Memory ———sDirector:

X,¥ slides have to be moved in ratio
1 ¢ 4.

6. Director calculates and gives data
to chief operator. With the aid of
the watch he also determines the ope-
rating speed {when threading he
waits for the main spindie position).

7. Chief operator ———Foremarn:

Move % slide with feed size F1 and
Y slide with feed size F2.

3. Director ——wPregs speaker:

"The block is finished. We work on the
next. Let them know!™ '

R



What happens in CNC-manufacture?

What happens in CNC-Manufacture? -

Data Input Digital read-out’

Central processing
unit = Microprocessor
(Director)

{secretary)

EPROMS (Specialists) Nlemc){ A -

3 4 o ! D Amplifier
: gtput =
- —— put element ey (foreman)

Inerface

it
Ig ) ~ {Chief operator)




What happensin CNC-Manufacture

What happens in CNC-Manufacture

What knowledge is necessary in order to manu-
facture, using a hand operated ¢r a CNC lathe?

L
**Weam

&
P
I

o et

r$£

Y ll\w

Hand operated machine NC-machine.
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CNC machine ~ handoperated machine

‘Differences in Manufacture using a hand
-operated or a CNC-Machine

Hand operated machine

(Survey)

Necessary information

Technical drawing

CHC~Machine

Necessary means

L.athe

Chucking devices

ToOLS

Necessary knowledge/Capabilities

{to execute operation)

Reading <f technical drawings

Knowledge about tool geometry

)

2
A
b
2
é‘
)
T
g
13
£
g

£
1S
£
£
%
%
4
A
%
:
H
H
:
B
i
:
Y
:



CNC machine - handoperated machine

Differences in manufacture, using a hand operated
or a CNC-machine -~ continued

Hand operdated machine , NC-machine

Technological information

+ Cutting speed depending on

- material of workplece
- tool (HSS, carbide tipped)

- type of operation

+ Feed rate

+ Cutting depth

+ Performance and dimensions
of machine

Execution
Operator must know how + Writing the NC-program
to control the machine : 1 ; ]
. : -5 R j? % ¢ fumas Remarks
i d
| = 1
— = ! S
: A' i . N
i i
R SN NN SN SO SO

+ Input of NC-program

+ Preparing the machine

+ Execution

o mmmo




This you are going to learn
A rough survey

Set up a CNC-program

Enter all informations into program
sheet. 7
Rules how to write these data have

to be learned.

Put in program

You have to put in the information
into the control. The control stores
the information. You have to follow
certain rules.

Give instruction to manufacture

The control works with the informa-
tionentered - it calculates and
gives instructions to the machine
tool.

Check result

Correct program

Improve (optimize)
pregram.

S
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Programming

What is Programming?

Programming means to feed the computer
with such data which it understands.

In other words, we have to "spoon-feed”
the computer, list the data in orderly

sequence and in a language which is fa-
miliar te the computer, which it under-
stands, sc that it can process the in-

formation.

The operator does not understand the The CNC-machine does not understand the
Chinese commands, because he does not human language.
speak this language.

We have to feed the CNC-machine with
data in a language it will understand.
This language is "encoded".

-



Do you already know programming?

1f you have operated a machine tool you
automatically carried out the right
movements.

Yeur brain gave instructicon to your
hands to operate the switches and le~
vers in the ¢orrect sequence.

This job was automized to a iarge ex-
tent.

When programming you have to write down

all instructions.

The instructions and informations

must be

~ in a systematic sequence

- complete

- and accurate.

They are given to the CNC-machine in

a coded form.

4.15



Coding

o  The Coding Standards
- The program structure for numerically
controlled machine tools:

The program structure for numerically con-
trollied machine tools:

How to code informations and instructions
is defined by standards.

The standards are:

- Program structure for numerically con-
trolled machine tools.

~ According to DIN 66025 (German Indus-—
trial Standards)

- According to IS0 1056 (Internaticnal
Standard), new edition IS0 6983.

MOVE LONGITUDINAL SLIDE 40mm TO THE LEFT 200 mm/min

N... /601 /x+10 / F20Q

The coding rules must be learned by you
go that you can write the program for
the manufacture.




Coding

‘The Coding of Informations and Instructions
| (Criteria)

One couid build a computer which under-
stands instructions in ncrmal language.

This would bring about gquite some dis-~

advantages:

Language information Criteria : Demands for coding

Move the longitudinal slide 1 It would be necessary to
-~ main spindle being switched build & computer for :
on - with a given feed a each language (or even -~ Language neutral
distance of 25 mm at an angle for each slang)
of 379,
2 The long instructions -~ Simple coding
are complicated and - Clear expression
vague.

-3 The language is practice
oriented. This should. - Practice-oriented
also be true for CNC-in-
structions. R

:4 The code should be ap~
plicable to many diffe- - Universally applicable
rent machine types.

When setting up standards for the program
structure of CNC-machines the aim of the
many experts was tc create codes for in-
struction which should be

~ a8 short as possible

- simple

~ language neutral

- practice-oriented

- applicable to all machines.



VERTICAL SLIDE

Program structure

Program Structure

Coding of the movements
Intreoduction of the Carthesian Coordinates

System.

Write down the instruction which you
would have to give for miiling. The
milling spindle is on. '

Number the instructions consecutively.




Coding of slide movements

The Instructions

&

1) Move the
{15 mm)

®

Move the
left {50

)

3

S

Move the

W

are neithexr
noy simple.

vartical slide downwards

longitudinal slide to the
)

cross slide forward (30 wm)

short nor language-neutral

The movements are described using the
axis denomination of the Carthesian
Coordinates System.

For vertical mills

X-movement: longitudinal slide
Y-movement: cross silide
Z-movement: vertically

Instruction on direction

is achieved using t sign.

Coded instructions

~7 15 mm

(=)

(v

+X 50 mm

()

- 30 mm

4.23



GO0/GO1

The movement 1 is different {0 movements
' 2and 3.

Movement 1

No chip removal

Speed as large as possible.
Coding:
Rapid traverse = GO0

- Movements 2 and 3

Straight movement and chip removal

Feed rate has to be set (depending on
cutter dia., raw material, depth of
cut etc.).

Coding

Linear interpolation = GO1

N | (g) W o (S z WA
L w O MHAO :lsm e i
.. 01 5000 0 (oo
RN | o 3000 O e
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Description of Path Lengths for
Slide Movements

CAlso in this case simple arrangements
are made. The statement 'mm' {Milli-
meter) is left out. Only the number is
written.

¥ -45,325 means: traverse ~45,325 mm
in %¥-direction.

On the F1-CNC path lengths are pro-
grammed without decimal point in
1/100 mm or 1/1000 inch.

Thus, 23,25 mm is programmed 2325 and
1,253 inch is programmed 1253.

Sign

Measures without signs are automatical-
ly "+" measures.

The Program Sheet

All informations and instructions are
entered into the program sheet. Further
explanations on the following page.

F
W remarks

MWD | s

4907



External construction

The CNC-Program (structure)

The program is written down in the pro-
- gram manuscript. :

G X Y F The program manuscript
Nl @ o © 2 lumen prog :
Ooj oo -3000 | O L All essential data for the manufacture
011 o4 ] ~ ¢ &0 ¢ 420 of a workpiece are f£illed in.
02 1 01 4050 ») 120 The composition of this program is
03 | 04 D - 1485 100 | 120 called programming.
ot o3 7000 2000 120 Th? struétuze of such a program is
05 | o n 550 15 00 standardized.
Parts of a program
-1. The block
B G * z £
(M} W (K} {8} (LHTI(H) .
The program consists of blocks. AKbLOCk
0o | oo ~3000 e & | contains all data necessary to execute
o4y 04) @ ~-1500 9 1420 ;i an coperation {i.e. order: move longitu-
82+ o1 1050 o 1] 120 | dinal slide straight on 25 mm, speed
03 1011 D _|-1&80 100 120 | 120 mm/min) .
2. The wofds
N el X Y 2 E T L
(M} W (D) K (S) (LTI _
Each block consists of various words.,
001 00 -~3000 2 ¢ Each word consists of a letter and a
| o1 040 0. ~2500 g 420 | combination of numbers, e.qg. NOi.
021 011 40850 D i) 120
et “\\*—-‘V\ e N st
M\ /‘{///
words
(3 (11_ A word consists of a letter and a com=-
- ﬂE e e bination of numbers. The letter is
address cmbination called address.

cf nurbers




The Address Words of the Program Sheet/F1-CNC

N |G x v F
M} My (D) K & LM H)
- —
N | 8| x ¥ #
M) Wy (D) Ky (3 LM
N X v F
(M) ) {0} ® S L {MH)
N I v F
() D) (5 (S (L) (T (M.
oot JI
N | oo X ¥ F
(M) My (D Ky & LTy H)

i.

The N-addressg:

N = abbreviation of number

The instructions and informations are
numbared. We talk about block nunber.
On the F1-CNC: NOOO up to N221.

The G~address:

Intc this column we enter the key in-
formation, i.e. the G-function or pre-
paratory function. You will get to
know the various G-functions in the
course of our exercises.

The X,Y,%Z-addresses:

They are the columns for the path data.

F1~CNC: .
The paths are programmed without deci-

mal point in 1/10C mm and/or 1/1000%. .

The F-address:

F stands for "feed”. For each chip re-
moval movement the appropriate feed has
to be programmed. ’
F1~CNC:

The feed is programmed in mm/min or 1/10
inch/nmin.

The M-address:

M stands for "miscellaneocus".
M-functions are called "auxiliary func-
tions". The M-values are entered into
the G-column.

4.3

I R R 0 A A



External construction

The D-address:

The cutter radius ié described under D.
Radius 5 mm —»D 500 (compare MO6 Tool

2000 rpm—eS 2000 {(compare MOG)

Tool numper 2-—eT0Z {compare tool lengths

&.
compensation) .
7. The sS-address:
3 stands for speed.
8., The T-address:
T stands for tool.
compensation) .
9. The J,K-addresses:

N ] X ¥ F
£ &y () Ky (8} (L) (T} (H}
N | & X ¥ - F
(M) (Jy (D} x) (5 (LM
N G X ¥ E
(M} (A Ky (5 L) (M{H)
N G X ¥ F
(M} (D K (5 L (MyH)
N ] X ¥ F
(M) (IR Er) K} (S LD

J,K are parameters for circle programming.

These addresses are described in chapter
GO2/GO3.

i0. The L-address:

T

is a jump address; compare G25, G27.

:
i
i
H
H
H
L
i
¥
I3
H
H
[
¢
:
i
:
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Standardization of Axis Systems for CNC-Machines

The axis systems are standardized for the
various types of machinery according to
150841 and DIN &6217. The basis is the
Carthesian Coordinates System (clockwisel}.

The right-hand rule can be of quite some
help: it shows the position of the axes
to one another.

T
|

Making Programming Easier

Mix-ups are quite common when program-
ming ¥,¥,2 and the +/- directions.

S50 even quite eXperienced programmers
use auxiliary devices. Use the model
of the coordinates system and vou will
commit less mistakes.

435




Axis systems

Axis System Milling Machines

Milling machines and machining centers are
of different construction typologie.

Examble:
Vertical mill type 1

Milling head with tool moves.

The mounted workpiece carries ocut longi-
tudinal and cross movements.

Vertical mill type 2

Milling head with cutter is fixed.

The mounted workpiece carries cut longi-
tudinaly, cross and vertical movements. ¢
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Description of Cutter Path

If you would have to diréctly describe the
slide movements, it would need a continuous
rethinking with the various different machine
construction types.

Example: Drilling a hole

Type 1: Move milling head déwnwards.
Type 2: Move ver;ical slide upwards.
A confusing situation.

Thus, the important simple statement
for CNC-machines!

The path of thé cutter is described.

For the programming it is all the same, whether
the slides or the tool move during manufacture.

4.39



Axis systems

Axis System

, Vertical Mills

Axis system

Horizontal mills

o’ Milling programs on vertical or hori-
T zontal mills are different. The Z-
axis is always the main spindle axis.

A minus Z-movement is always a feed-
P in movement into the workpiece {(e.g.
o drilling).




Program sirucuye

Concept of Programming — Methods of Programming

Basically there are twé methods to des-
cribe the path: absolute or incremental.

Absolute

The path information is given from a
zero reference point.

Incremental

Each point (place) is the reference
point {(place) for the following mea-
surements.



- Dimensions of Drawings

There are different types of dimensioning
in technical drawings. :

Incremental dimensioning Absolute dimensioning
Starting po?nt ?or the dimensioning of Zero-point for the dimensioning of all
the next point is always the actual points is a remaining fixed point.

peint which was described last.

o-

®
_
s

2 O i ’
: 2 f 5
e | F P L |
= |
Y | =10 i
1015 a2 25 ;
e - 3T g

Mixed dimensioning

*  In most technical drawings vou find both
types of dimensioning. Some measures are
given from one common point {(absolute) or
in the incremental mode (from the actual
point described last).

o0

$

.

B

27
15

2, ,1%

L R R 410 e

o
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The Modes of Programming

To instruct the computer how to calcu-
late the values it is necessary to give
a key information.

It was the aim to achieve a very simple
description of the traverse movements.

You can program the points and traverse
movements in two different modes - so to
avoid changing of dimensions in -the

This is achieved by & G~instructiocn.

drawing.
-~ Absolute mode description . = Incremental mode description
- Absolute mode programming (reference ~ Incremental mode programming

point programming)

@
G
ool
i ¢
N G X ¥ 5 B
(M3 ) Ky (5 #3{NH
N | 8 X ¥ . g
My | WO i {S) L) (M) . _
e ] 1
I T ~ You describe point 1 starting from
point O. '
— - ,,ﬂ - SN SOV USSR

-~ You describe point 2 starting from

) . int 1.
-~ You start fyrom one point and describe po

all other points. =~ You describe point 3 starting from

. 5 .
- The zero-point of the coordinates sys- polat 2, etc

tem can berdeflned by you. ¥ou have to imagine the coordinates syé%
tem shifted into the relative point.

‘ : 4.47
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GY0/Go1

When do you have to give the G90/G91 information

to the computer?
The initial status of a CNC-machine

When you switch on the main switch the

N.G XY . : . .
00 C”E 8 o machine is in mode of operation "hand
® ' DJK LT M =) operation” = initial status.

M
sl
osn 0T
Q Qm.& O ) )
5 a0 _ If you press the *key,. the mode of

s nin.

B E 7/89 @ H/C ' operaticn is switched to "CNC-operation™.
) 456 [
m ‘74 ;’_';f 415 '*” REYV 1.'%.; .

The "initial status" of the control is
incremental. All traverss movements
are calculated in incremental mode.

G90 — Absolute value programming - G91 -~ Incremental value programming

You may program G21, however it is not.
neceggary since the control calculates
incrementally by itself.

G90 has to bhe programmed.

Nl @ o w0 Z wmes| Nl oo (S z W
301 (34)in -
Abshlute . . o ,
\ ' - ln KrewenTal
J - i
91 ) /
ﬁ lwkrewemntal — Qo .
) } ' Y F}BS olu Tg B £

J !
: o ;
2

i ~-ma ind unction. . . ..
G90.ls 2 “,gelf mz?a.ni.:alr.zlng modal f, EIO8- 91 is a self-maintaining modal function.
It is valid until it is revcked, i.e. .

) " G91 is revoked by GI90.
until G9! is programmed.

5
4
£

4
i
Iy
4
H
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Exercise

Exercise Exercise
Describe points P1, P2, P3, P4, P5 Describe points Pi, P2, P3, P4, P> 3,

as absolute data. . as incremental data.

Write in block NOOO the information for
the mode of programming.

X Y ¥ G F
{04 & D K} (8 LN (M} 4y {0} K & - (L

451




Workpiece zero-point |

Determining the Coordinates for Programming

A"

£y

Ny

) 4

in Absolute Mode

Determining the workpiece zero-point in
the technical drawing

In technical drawings the measures are
often taken from one reference point.

For programming it 1s convenient that
as many measures as possible can be
taken over from the drawing - without
calculation work.

You as programmer can defermine the
zero-peint of the workpiece. The ideal
choice can best be seen in the work-
piece drawing.

@' W
Symbol ‘ Short
description

A A R
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- Where to set the workpiece zero-point
is your own decision. ’

- Pay attention to the signs of the axis.

-~ Write axis signs and ¥ signs in the
drawings not described.

@

®

4 5ha



Workpiece zero-point

The origin of the coordinates system can
be positioned in any point.

Points may be positioned in any of the 8
squares.

Describe the points in absolute and incre-
mental mode,

X - Y plane = Underneath side of workpiece

Absolute Incremental

F G X Y F
{EH(T) (H} M (S (K} {5 LIOH)

G X Y
(M} )y (O K {5
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X - Y Plane in Center of Body

Absolute - Incremental

A Y F ’ . X
@ K} (B LHTHH) M G (O Ky (8

4 Rhes



Workpiece zero~point

o “Informations to the Control concerning |
. the Workpiece zero-point

You can instruct the control with G90Q/
G91 how it should calculate the move-
ments ~ in absolute or incremental mode.

Absolute value programming

Where is the origin of the coordinates
system situated?

The control unit ¢f a CNC-machine c¢an
neither see nor think.

- It does not know the position of the
workpiece mounted to the slide.

- It cannot read the technical drawing
and thus cannot know the position of
the workpiece zero-point chosen by
you.

CNC=-solution:

We have to instruct the control where
we want the origin of coordinates.

R TR B AR 58158



WOrRpece Lero-poml

Fixing the Origin of the Coordinates on the F1-CNC
(Workpiece zero-point)

Q-w

Possibility 1:
Fixing with GS0

If the computer receives a G290 instruc-
tion in the course of the program, it
considers the actual slides position
ag zero-point.

In the left side mentioned situation you
could not take any workplece measures
from the drawing. You would have to
calculate.

This is only useful if you shift the
origin of the coordinates system to
the workpiece zero-point.

Example:

You move the cutter to the zerc-point
cheosen by you. If the cutter is in

this position you program G90. The ori-
gin of the coordinates is set.

A R



Goz2

Fixing the Zero-point of Coordinates with G92

G92 - Progranﬁmed offset of reference point

- We have set the workpiece zero-point.
-~ The cutter position is known to you

(distance workpiece zero-point to
cutter) .

Information to computer with G92

You describe the cutter position locked
at from the workpiece zero-point. In
this way you fix the workpiece zero-
boint selected by you.

Attention: - }
g Format G92 - G92 is an information, no instruction
‘\/% N3/GIX L 5Y 4255 £o traverse. |
P (vertikal) : ~ G92 means automatically absolute !
{' A ; N3IGOUX L 4IX 5215 value programming. :
Lo (horizontal)

-~ The zero-point of the workpiece can be
set off with G92 within a program as
often as wanted. ,

¢
¢
i
:
F
H
i
T
2
H
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Exercises

Program the workpiece zero-point

Program. the tool to the workplece zero~
point. ’

X ¥ 7 ¥ i
&y (D) ® (S &N{H

X Y z F
o (LA LTI (HY

v

4.63



Exercises

Program the workpiece zero-point
g

Program the indicated traverss paths.

G F.
™ML o K (8 .z L M| %8

Go2

i S P T

B o TN 1



62

Exercises

Program the workpilece zero-polnt

Program the indicated traverse paths.

X
W o

F
LM

B . £ 7

467
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Exercises

Program the workpiece zero-point

Program the indicated traverse paths,

M)

X
oy (@

Y F
K & (L3 (V) ()

GY2




Various Workpiece Zero-Points in one Program

G392 /x-2100 / y=a / 2 4700

&
LE Bt

GY2/x-8700 / y-2600/2 3500

By a new programming of the workpiece
zero~point the previous workpiece zero-
point is cancelled.

Sometimes it is easier for the program-
ming to set various workpiece zero-
points within one pregram.

Example:

- Wi is programmed. Flane | is worked
on.

- Traverse cutter to starting position.

- W2 is programmed. Plane Z is worked
ort.

Note:

In mose cases it is best to program the
reference point offset from cne and the

same polnt so that the program stays
distinct.

4.71



Exercises

G92

Program the zZero-points and the paths.
indicated.

G X Y
Nl oo o W (S 2 wmea| B
. _ SR S .
— - 4

i
B
H
i
H
i



Mixed Programming

You may change also within one and the
same program the programming mode from
absolute to incremental and vice-versa.

Ll AR ol uidiel - DI S

4.75
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Mixed programming

Programming of the originally
fixed workpiece zero-point

If you want to fix the originally pro=-
grammed workpiece zero-point you have
to either

® move the tool into the criginal work-—
plece zero-point and then program
GR0

Qr

® describe from the original workpiece
zero~point the actual cutter position.

692/x 8508 /y++500/2+2500
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Connection:

G92 - Zero-point offset
- M06 — Tool lengths compensation

‘MO G92

The HZ information is an incremental tar- With G92 you fix the origin cof the co-
get information within an independent co- ordinates system.
crdinates system.

479
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Example

4. Setting up the program:
Carry out offsetting of workpiece zh-
zero-peint

Manufacture

1. Mounting the workpiece

We assume that you have to manufacture
a few workpieces of same shape. You
mount the workpiece such that it is al-
ways in the same position on the ma-
chine table. :

- The machine vice is clamped.

- In Y-direction the workpiece remaing
always in same position because of
the urmovable jaw.

~ In X-~direction by a stop,

~ In Z~direction by identical spacers.

2. You scratch the three reference sur-—
faces and move the tocol to the pro-
gram start peint {= program end
point, = tool change point).

eromne




Some tips for procedure

bo

0% 1§ g

Adpo | 2000 | 2000

o 650 1-320

————— o o 6

1. Determining the workplece zexg-point

in the drawimy:

You can see in your workpiece drawing
what the best position for the work-
plece zero-point will be. You determine
the workpiece zero-point in your draw-
ing.

Z. Determining the starting point of
the program.

3. Measuring of tools -~ Putting in data
inte a data sheet 1f more tools are
used.

4.81




M-Functions

The Miscellaneous or Switching Functions
| M-Functions

Switching operations are programmable toc on
CNC-machines. The M—address 1s used to program
them. The word for the miscellaneocus functions
contains a 2-digit key number.

Extract from codes for miscellanecus functions
{DIN 66025, part 2)

I ] ;
[Miscell | ? Miscell |
janeous Meaning aneous Meaning
| a '
%Functiong Function,
_ M1o | Clamp
b . o
MOO rogrammeq.stop M1 Unclamp
Optional lanned) sto ' .
Mol P P ) stop » M19 Oriented spindle step
MOZ End of program
MO3 Spindle clockwise M30 = End of program
MO& Spindle counterclockwise M3l Interlock bypass
MOS Spindle off .1 M48 |
MO6 Tool change B T T S (
MO7 Coolant no. 2 ON T M58 Constant speed of’
MO8 Ceolant no. 1 ON i 1 M59 . Constant speed Off
MOS Coolant off M&0 Workpiece change

All key numbers not menticned are temporarily
or permanently available. The manufacturer

of the control can assign the key numbers to
a glven function.

Ao SR i i
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M-Functions

Miscellaneous or Switching Functions
on the F1-CNC

e (7188w
4/5/6 |k M
‘%’-123&9: 1
=] ~ 0]~ o} for]

= _
N (M) X (4D Y (K,S)
M
N G XYZ F
o’ oD OO
I DJK LT M 2
Q= = E—

M-Functions in standard version on

F1-CNC
MOC - Programmed stop
M3C - Progranm end with re-set
MO - Tool lengths compensation
Tool data
Tool change
Mi7 - Jump back instruction
M39 ~ Circle parameter

Programming

The M key numbers are entered into the
Gecolumn.

So i1f there is a M-key number to be en-
tered always add the letter M.

Input of M-values

Press M-key then put in number value.

M-Functions with the DNC-Interface
(accessory)

MO3 ~ Spindle clockwise
MOS ~ Spindle counterclockwise

Freely available M~func-
tions

M
o |
|
J

For details compare chapter 7

R 510 A e

A o e
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Description of Block Formats

Depending on the G-functions you have to
program different addresses {enter values-
- for N,X,Y,Z,F.M,T,D,8,L,J,K into the columns).

For a better overview the single prescrip
tions are abbreviated. :

1. ¥You need a block number N

This block number can be 3-digit.
Abvbreviation: N3

Z. The G-address

The G-address has two decades; it deter-
mines which addresses have to be pro-
grammed.

3. X,Y,Zwaddfesses

X,Y¥,Z addresses may have t signs.
Vertical milling machine:

x%5, via, zig

Horizontal milling machine

xta, y¥s, zEq

4, Fraddress (feed)
3 digits, therefore T3

5. J,K~addresses {(circle parameter}
2 digits, therefore J2, K2

. M—address

2 digits,

. T~address
3 digits,

{auxiliary function)
therefore M2

{tool number)
therefore T3

8. D-address (cutter radius)}
5 digits, therefore D5
9. S-address (speed)
4 digits, therefore 54
10, L-address {jump)-
3 digits, therefore L3
Example of a format description: 11. H-address (with M26)
Format Go0 3 digits, therefore H3
NIGOO/X L-5/Y + 472+ .5

4.89
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Types of controis

Types of Controls of CNC-Machine Tools

1. Point-to-Point Control

-~ The tool can move onyl from point to
point.

- The speed of the tocl movement is not
registered.

~ The tool path from point to point is
not prescribed. Only the final posi-
tion has to be correct.

Application:

Drilling machines, spot welding machines
Today rather seldom in use, because most
contrels offer straight line or contour-
ing characteristics at the same price.

2. Straight Line Control

The tool moves with

- given speed
-~ axis parailel,

During the traverse movement milling is
possible.

With milling machines either

- the lopgitudinal slide or

- the cross slide or

- vertical slide moves, but naver two
slides together!

Application:
Today hardly in use anymore; veplaced by
contouring control.




Lypes O Conrois

3. Contouring Control '

Variocus axes traverse simultanecusly
with a programmed feed speed on a pre-
‘scribed path. The movement can be a
straight line or circular movement.
Hearly all CNC-machine tools are today
equipped with a contouring control.

Types of Contouring Controls *

a) Two-Axes Contouring Control

(2D control; 2D means two-dimen-
sional}

Application:
Lathes, simple milling machines, erosion

machines, drawing machines, punch pres-
seg, eto.)

i
s

A %



Types of controls

b) Two and a half Axes contouring Control

Three times 2 axes can be moved simul-
taneously with programmed feed speed
and this on a prescribed path.

The illustrations are there to show you
what is meant by three times 2 axes.

Appiication:
Miliing machines, machining centers,
flame cutting machines, etc.



c¢) Three-Axes Contouring Control
{30 control}

Bll three aXes can traverse simuliane-
ously on a prescribed path with pro-
grammned feed speed.

Application:

Milling machines for the production of
complex three-dimensional workpieces.
If you traverse in three axes simul-
taneously you need special milling cut-
ters {(round head cutters etc.).

Note:

There are misunderstandings caused by
commonly used technical terms.

A milling machine features 3 dzrectlons
of movements:

- longitudinal slide movement

~ cross slide movement

- vertical movement {up and down}

This is called a 3~axes machine. How-
ever, this does not imply that the ma-
‘chine is equipped with & 3D contouring
control (3-axes contouring control) .

TG W WAEILE WG

4897



Programming ~ Geometry
— The center point path of the cutter
- influence of the cutter radius
— Trigonometry of the right triangle

— CNC conformal lettering, calcuiation
of missing coordinates

- Transitions straight line — circular
arc tangent

- Calculations of auxiiiary points
Straight line
Circular arc tangent

T T ———



Description of the cutter path

We describe the cepter point path of the
cutter (except G72, G45-(G48)

Influence of the cutter radius:

When milling contours the cutter diameter
determines the programming of the cutter
path.

Auxiliary points:

When programming the center points of the
cutter path the target points are called
auxiliary points.

br— s mr— i
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When manufacturing axis-parallel con-
tours the cutter radius has to be
added to or subtracted from the contour.

With non-axis parallel contours, auxili-
ary points have to be calculated. For
this the trigonometric functions of the
right triangle will do.

In gquite some cases the coordinates of
crossing points have to be calculated

becanse they are not indicated in com-
mon technical drawings.

Missing coordinates are calculated on

the basis of trigonometric functions.



Survey

] !lsul ERFEN IG5 RE 20

Trigonometric functions in the right triangle

Hypotanuse

Specification:’
The right angle {900) is characterized
with the symbol [n

Both angles = (Alpha) and A (Beta) .a)
are in sum 90°.

o + fA = 907

Hzgotenuse:

Cpposite side of right angle.
Abbreviation: HY

Adjacent side (AS}), opposite side (0S):

Each angle o anéd /B has .a adjacent
side and a opposite side.

Adjacent side = adjacent side to angle
o or f}

Opposite side = opposite side to angle

o Or f3
a = G, sined
7 v Sine %%F sin ol = % __a
o * €= Sine
[
b = ¢ CcosL
° g Cosine »—%?w cosd = 2 b
N> © = Cos«
¢
a = b tanl
GK .. 8
Tangent AR | tanol = b b= .8
tan oL
<
@
\g{, AK b b = a.cotol
- Cotangent = = cotel = — g = D
cot oL

4.108



Calculation of Coordinates

CNC-Conformal Lettering
The Calculation of Coordinates

In many cases the lettering of technical
drawings is such that the cocrdinates for
the CNC-programming have o be calculated.

Non CNC-conformal lettering CNC-conformal lettering

BN
A

)
%

Missing cocrdinates data can mostly be cal-
culated using simple trigonometric func—
tions.



Calculation of Coordinates

Calculation of Coordinates

Transitions: Axis-paraliel straight
50 line ~ straight line at angle

The Y¥~coordinate of point P 1s not
Known.

30

) Py

o ] e 3
. 30 _ Y(P2 Py)= egoe . X(P, Piet = 30

= £g 3¢°. 20 = 11,54 mm

Exercise:

Calcdlate the missing coordinate of
point Py.

300

Make a CNC-conformal drawing.

g
45 !
e

i -



Calculation of Coordinates

Transition straight line — tangential arc

50
P Py Coordinates of peints Pp, P3 are not
o Known . '
Y Oc
o Py
vy JR
R s

1. Calculate the X-~coordinate of 3

(crossing point between straight
line and slant plane)

tg oo = X

3¢

% = tg 30°30 = 17.32

2. Calculiate the choordinate'of Po.
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3. Calculate the ¥X- and Ywéaszdinate
' of point Pi.

SP. = 11.55 mm

3
Sine. = X
11.55
. o -
X = gin 30.11.55 = 5.78 mm
GOS8 ol = Y
T 11.55
o
Y = ¢os 30011.55 = 0mm

Letter all points in abscolute and ilncremental mode

£ 113



Calculation of Auxiliary Points

Calculation of auxiliary points
Ex_a-sﬁpie 1

You program the path of the milling axis

L Ro/C1/9/23 .-

Points @1 and Q- have to be calculated.

Cutter dia. 10 mm.

o
G -
i
IR )

!*

1. Calculate the Y~coordinate of point
Po.

. YP2
tg 30° = e

YPz = 30.4g 30° = 17.32 mm




OvO/<

AN

r+20+AX%

Laicuiauon o1 AUXIary Foints

Example 1 (continued)

2. The path from Qp to Q4 is composed
of; '

r+20mm+ AXy

%1 &KX
9=
&Xfmtg——g'—"rzz

= 1,34 mm

QoQs = 26,34 mm

Coordinates: Qg = Workpiece zero-point

Qe X Y
Qo 4] 0
Q4 26,34 0
Q2 80

A AT



Calculation of Auxiliary Points

Example 1 (continued)

8

17,32

3. Calculation of YQ2

YO = 17,32 — AY2

&z AY2
2 "

AYe = 1ig 4%'3 = 5.tg 30

tg

= 2,87 mm

17.32—-2,87
14.45% mm

Yoz

fl

Dimension the auxiliary points in absclute

“and incremental mode. Fix the workpiece

zero-point by yourself.

e



Exercise 1 (Calculation of auxiiiafy Points)

Calculate the AX and A Y values.

A 2
800
) e
[Ty ]
[Ts)
< P, 2
/
[+
8 )
I | : Po P *" 1
Kit] }
- 70
. g5 -

. 4121



Calculation of Auxiliary Points

Exercise 1 {continued)

65

| P B Dimension the auxiliary points in
4o & e absolute mode. Workpiece zerd-point
as in drawing.
Py 2N
P
g P, 3
g ;7 o
e i DA
30 l
70
=1
95 -

| %




Calculation of Auxiliary Points

Exercise 1 {continued)

&5

B ‘ ‘B Dimension the auxiliary points in
b0 : . '
P incremental mode.
By 12 ]
P
3 P, 3
a
/ L
y / B, R <
t j
30
70
35 -




Calculation of Auxiliary Points

Exercise 2

- Caleculate the coordinate of point
P
30

- calculate the missing auxiliary
coordinates.

Cutter radius 10 mm

- Pay attention:; angleolz is given as
interior angle {enclosed angle}.

Y3
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Exercise 3

Program the exercise in absolute or in-
cremental mode.

Fix the workplece zero-point and the
- cutter radius yourself.




Calculation of Auxiliary Points

Example 2
~ Approach at angll‘e

{A big safety distance was selected intenticnally!)

&
il

30° / oo = 509
54y = Safety distance (lo mm)
r Cutter radius (5 mm)

Calculation of point Q,

1. X1:
tg-Cn = e
S 10
X1 = = e
1 ot tg 30° 17,32 mm
ot 2. A X
L A ’ PEESS
- r
OHX1 = %Q-ﬁ-‘* r=1tg15°5 =
= 1,34 mm

3. Distance Y{PiQi= S¢r = 15 mm




Example 2 (continued)

Calculation of point Q2

TRV IR LN T W SRS , 2 WOEEERAT

52 = 20 mm
r = 5 mm
dfz = (OO
1Yz
(g o= w2
g4z = v
S 20
Yo o e e
2= s T 6o 11,55 mrn
2. MYz
t L2 - AYs
873 r
i e 2
AY2 = g > 1= 288 mm

Descﬁibe the coordinates from points
Q1, Qo in connection with Pp, Pj.

4133



Calculation of A"uxiiiary Points

Aucxiliary Points with acute -
Angles

With acute angles you have tc traverse
long no-load paths from target point A
to start point B.

That takes time. It may happen that the
slide movements are too short or there

is a collision with a chucking device
or you mill inte a workpiece part.

Two ‘“‘short cuts’’ are common in
milling techniques

Traverse with various straight
lines.

Traverse with circular arc.



Traverse in circular arc

sin oL 7 = 552
Ccog K3 o= %2—»

L%s = 8in X5 . v

\/ AYE = Cog 002 . T

4,137



Calculation of Auxiliary Points

Traverse in circular arc

Exercise;

Dimension auxiliary points absolute
an incremental. it

Program abgclute and incremental.

Select workpiece zerc-point. mnd

Program abscolute and iIncremental.

Select workpiece zero-point.

oLz = 30°




Calculation of Auxiliary Points

Straight line movement

N




Calculation of Auxi!iary Points

Traverse with various straight lines

Exercise:

-~ Dimension absolute and incremental,

-~ Program the paths.

oL 2




Chapter 5
Programming

The contents are arranged according to the
numbering of the G-functions

G90/G91/G92 Compare chapter 4

G65/G66 Compare tape operation
| RS-232 C operation
Chapter 10

5. Programming



Hints for the
- Beginner
— Program start point

‘ngram target point

Tool change point

- Potting the cutter path



The Start Point of the Program
The Tool Change Point
The End Point of the Program

Just imagine the seguence of operation:
the workpiece has to be mounted and
dismounted; tools will have to be

X . changed. ‘

Sfarg A

The start peint of the program should

be chosen so that all handling can be

done without any cbstacle.

Z stant

The start point of the program for the
tool shall always be the end point of
the program.

The tecol change point shall be the start
.point of program for reason of simpli~
city.’ :

Determination of Coordinates

Scratch or touch the reference surfaces
slightly and move the tool by hand to
the selected starting point.

Start Point for Chip Rermoval

Position the tool in a safety distance
te the workpiece. So you can find out
during a program run whether the tool
runs into the workpiece because of a
programming fault {with rapid traverse).

- Safety approx. Z mm

o P T I B i e e



Auxiliary Drawings for Program'ming

As with the programming of turned pileces
alsc with the programming of milled pie-
ces the technical drawing is a valuable
help. This is particularly true in the
beginning. It is easier to set up and
check the program.

~N 09

‘Turned pieces:

You draw and program the path of the
edge tip of the tool bit. The edge tip
is the part of the tool bit which pro-
duces the contour.

The tool bit movement is in one plane,
thus it is easier to depict.

Milled pieces:

Here you have to think and to draw in
three dimensions. This needs guite some
experience.

A three~dimensional depiction is very
distinct but not easy to do. Besides
that, all paths which are not parallel
to axis show shortened.

g o e P



% separate drawing is a great helip for
the first exercises.

An example:

i.

2.

2.1,

Enter intc a sketch the program
gtart point of the cutter.

If you firstly move in Z-direction
to the milling plane you can draw
in the workpiece and the cutter
path.

Mark the raw stock contour and
the finished part contour.

55
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L TV R

L2

Draw in the cuttex paths. Mark
the variocus auxiliary points.

Draw in the direction of movement.

. Number the various blocks. The
checking of the program will be
much easier.

. Blocks with no traverse movements

programmed can be assigned to the
auxiliary points.

. With absolute programming draw in

zero~-point of workpiece.



DkaUy

GO0 - Rapid Traverse

Straight line approach movement

Incremental programming Absolute programming

INKREMENTAL

GOU x+0 y=0 2ze-3000
oo ?'. GO0/ x-2000 /y+0/ 2 -500

The target peint is described from

The target point is described from
the starting point of the cutter.

the previously fixed zero-point of
the coordinates system.

R.OINAN A



G00.3

GO0 - Rapi-d Traverse

- ALl movements are carried out with
the highest possible speed, i.e.
rapid traverse {with the F1-CNC:
600 mm/min) .

- GOO is no‘chip removal movement but a
movenment without milling cutter being
in action,.

Format GOO
N3/GOO/X +5/Y + 4/
Z+5
N G X Y 2 F
My 1 &) (D) Ky () (LT} (H}

00, 00 L 3000 g 0 > -~ No programming of feed (F) because
o4 ;i 0o 0 0 n 200 the slide movesg with rapid traverse
pl 100 0 XL 0 when GOO is programmed,

032

Programming Exercises

In order to move the milling cutter to
its working position you have various
posgibilities.

1. Traverse only in 1 axis

The two other axes are zero. ~ You have
six possibilities. Program all of them,
absolute and incremental.




AR oF

a) Incremental Value Programming:

= ‘the milling cutter is in the position
which is indicated in the drawing.

- It iz moved to milling position with
GO0,

X Y z F
(M) B @ ) (& L THH)

b) Absolute Value Programming:

- Milling cutter is moved toc milling po-
sition.

" = Program the traverse paths

G X Y
M) Uy D (K} (S

5-G00.5



G00.7

2. Traverse in one block simultaneously in 2 axes

Program absolute and incremental. -~ The
zero-point of the coordinate system for
the absolute programming is in point P.

Draw in the possibilities.

Quastion:

How many possibilities are given if
vou move all three axes simultansously?



fo - LY ]

GO01 - Straight Line interpolation

© Btraight line cutting movement, feed
programning necessary.

Incremental programming Absolute programming

INKREMENTAL.

X400 mm Z5mm
Y 32 mm

GO1/X2500/Y1800/2 = O/F ... GGL/X4000/¥3200/2 -500/F. ..

The target point is described from
the previously f[ixed zero~point of
the coordinates system.

The target point is described from.
the starting point of the cutter.

. R.0ant 4
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GO01 - Linear Interpolation

Linear means straight lined. Interpolation
means the finding of intermediate values.

- GOl is a chip removal movement.

~ With each chip removal movement you have
to program a feed.

? Format GO1
N3/GO1/X +5/Y + 4/Z + 5/F3

e
—

With GOl you can traverse parallel to axis
and at each angle in one plane.

5-GO1



(50}

(50}

Exampiles GO1 (1)
Milling of a Shoulder
- Milling cutter dia. lo mm
~ Mode of programming: incremental

-~ A shoulder with a width of 5 mm and
a depth ¢f 4 mm has to be milled.

LU

indicated,

peint of chip removal. Choose a
safety distance of 5 mm.

5GO1

1. Determining the starting point as

2, Programming with GOO to the starting

- e



5-Go1

Example (1) (continued)

Determinatiioﬁ of the Path for the
Milling Cutter

With a diameter of the milling cutter of
o mm and a width of the shoulder of

5 mm, the axis of the cutter Ls exactly
at the edge of the workpiece.

Programming:

Program end position s starting position.

Nl we | we 2 lume
00 | o¢ | 2000 0 0

04 | po 0 -0 - 3400

01101 | 6oce o o 260
03 104 0 - 5000 0 200
ob o1 | -Spo0 | 0 o 2Loo
05 |01 ¢ ~ & 000 9] 200
06 lop | —3oo0o 0 0

0% | 0o o) 0 3hoo

03 IM30

Exercise 2 for Example 1

- Program this example in absolute
values. :

~ Carry out a zero-point offset with
G922,

- Starting positiocn and zerc-point of
workpiece as in drawing.
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GO1 - Example 2
- Milling a Groove

- Mode of programﬁing:,increm@ntal
- Dia. of milling cutter: lo mm

~ Starting position as in drawing
- Depth of grocve: 4 mm

~ Feed {compare technological data)

~ Safety distance before cutting: 5 mm

Pay attention:
When feeding in the cutter, halve the

feed values.

(50}

10 30 o 4
]
s N 1%
N\ ;/ Ll
&
(50) o LUs)

L e T S
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Exercise 1 for Example 2

Write the program according to the tra-
verse paths as indicated.

G

N X Y F
(M} My (& K LM |

Exercise 2 for Example 2

Program the example absolute with zero-
point offset.

30
‘ N G X Y 7 F
M) oy K B (L) (Ty (H)
Exercise 3 for Example 2

Choose otheyr traverse paths for GOO.

X ¥ F
(M )y @) K () {L) Ty tH)
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GO1 ~ Example 3
Milling a Pocket

= Milling cutter dia. lo mm.
-~ Starting position as in drawing

- Safety distance before cutting 5 mm

I 7 ™
N | N
- ; j
-t - o] "
o~ 0 !
i
¥ \_ Y L
S:;
] {
el 38 . i
- (50) - {15

1-2mm

[\
Ml
-
P

Choose the path of the milling cutter
[ such that there is always an overlap
of i-2 mm (in industry approx. i/lo of
the dia. of the cutter is chosen}.

-
™

Rrxnd 49



5-GO1

Drawing the Path of the Milling Cutter

Dimensioning

An impeortant support for your programming
work 1s an appropriate drawing.

-~ Enter the bklock number
- Mark begin and end of the block

- Use the largest possible scale when
drawing.

- Dimension auxiliary measurements

Program this groove as in the drawing in ab-
solute and incremental mode.

Programming sketch and dimensicning of
auxiliary measurements for absolute pro-
gramming.

w
D)
4
G X Y E
N (M) Wy K (%) Z L) HH remarks




e

Drawing the Path of the Milling Cutter

Dimensioning

Programming sketch and dimensioning of
auxiliary measurements for incremental
programming .

F
N )] ) z (LM H remarks

- .

5-GO1

P
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Example 4

The milling path in example 3 would
leave the corners in the pocket un-
finished.

With pocket milling you cut a rough
pocksat first. With a final cut you
mill the complete contour once again
to reach a better surface gquality.

Exercise:

- Program and mill th@,éiven pocket.

-~ As final run a continuous smooth cut
of 2 mm shall be taken off. Mode of
programuing as you wish.

« Select the zero point of the work-
plece yourself.

5G01



Example 5/G01

Milling a Cross Slot of 45°

Diameter of milling cutter 8 mm.
Program the zero point of the workpiece
using absolute value programming.

Make a drawing and use reference di-
mensions!

(50)

L/

_us),

1. Start position: Milling

5 mm away from theoretical X-edge
5 mm away from theoretical Y-edge

2, Target position:

Az indicated (X 5 mm, Z 5 mm)

5-GO1
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25

4,x90°

5-Go1

'Exampie 6: Bores 4 x 90°

+ The center point coor-
dinates of the bolt
circle are known.

+ The coordinates of the
bores have to pe cal-

culated.
5 sinet. =1
e R
"‘"“L—’ Y. = R.lindb® = 150,707 = 10,6
X
cos = R

X: = R.cos45° = 15.0,707 = 10,6

Sinece the bores are positioned symme-—
trically to the center point, you can
calculate the X,Y coordinates of the
other bores (by adding or subtracting).

Dimension the drawing for CNC-manufacture
- in absclute and incremental mode.

Program the example.

O
O ©
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[}
] Example 7:
Bores 6 x 60°
é e+
]
=
S
3
25 —‘ " ER
(50) 15

Bolt circle 6 x &0°
= Caleculate the coordinates of the bores.

- Dimension the part for CNC programming.

- Program example.

Incremental programming

Y ¥
(M) (CHINtS)] (5 (L) (T (H}

Lol W Y



Example 7:

Absolute programming and
lettering

F
(LY {THH)

5-GOo1
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DLl

Example 8: Hexagon

Ugse cutter dia. 16 mm

1. You calculated the coordinates of
the corner peints in cne of the
previous examples.

Transfer the values for points |
to 6.

2. You have to calculate the auxiliary
cocordinates of the cutter center
path.

~F
o3
g ooy
(T3]

' a—

25 51,
50 15
4
X
<
o

L.t 50
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Example 8:
Hexagon
You have to add respectively substract

the A;X apd radius vdlues to the co-
ordinate values of points 1,2,3,4,5,6.

Calculation of A x

oL r
95 =7%
AX e

tg %-

Put in measurements for auxiliary peoints.:
program the example!

Pay attention whether there is remain-
ing material at the cuter corners. iIf
yes, mill it off.

R

o
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The Milling of Circular Arcs

On conventional machine tools circular
arcs can be produced only using special
auxiliary devices. On CNC-machines clr-
cular arcs of any angle or radius can
be reached without such special devices.
The key information for circular axcs

is 602 and GO3. o

U ANSIFAS



G02/G03. 3

G02 - Circular Interpolation Clockwise
GO03 - Circular Interpolation Counterclockwise

In order to formulate what you mean by c<lock-
wise and counterclockwise, we have to deter-
mine the direction from which we look at.

Determination

You have always to look at the sense of rota-
tion in one plane from the positive direction
of the third axis.

Interpolation Clockwise G02

/

XY-Plarie:

Look from +Z direction
to -2 direction.

YZ-Plane:

Look from +X to -X.

[ —
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Interpolation GO2 -
Clockwise

XZ-Plane:

Look from +¥ to -Y.

In this technicai' sketch the direction in
the XZ-plane seems to be inverted,

E ANRKRIITAS G
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Arcs on the F1-CNC Milling Machine

Metric Inch
Size of radii 0,01 - 99,99 mm ' gize of radii 0,001 - 3.999 Inch in
in steps of 0,01 mm steps of 1/1000 inch

Programming

On the F1-CNC ng can program
quarter arcs {907} or arcs of
Pa ' circles in steps of 1 .

G 02

Programming of arcs 90°
on the F1-CNC

1. The sense of rotation is described

with GO2/GO3.
R XYZ)
2. The end point of the quarter arc is
Pa _ determined by the X,Y,Z addresses -

either starting from point PA (incre-
mental) or from the workpiece zero-
poeint {(absolute).

3. The F-address is used to describe the

G 03 . feed.

R, (XY2)

3 ” Format

N3 { 02X 15 (£4)/ Y t4(L5)/ZzE5/F3

14 resp. iS with X,¥Y-values for verti-
cal regp. horizontal axis system.

i
:
H
‘
¢
4
i
:
i
H
1
H




Programming of Quarter Arcs in the

XY-Plane

3/G02
3/Go3

7. Format G02/G03
IX+5N+4/z 0/F3

G02 Incremental Programming

G02/G03.7

Example: radius 10 mm
) Programmed are X,Y values looked at from the
. 1 starting point.
N G X Y Z
R‘\Q L 02 +1000 | 1000} O Arc 1
- - 0z -1000{ ~iQ00] © BArc 2
. 02 -10007 +1000| © Arc 3
0z +100Q] +1000[ O Arc 4
Attention:

programmed with zero.

In the X¥-plane the Z~value has to be

Bansiengt 7
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G02 - Absolute Programming

Zero-point of workplece as indicated
in drawing.

You program the XY-coordinates of the
end point of guarter arc, looked at
from the previously fixed point (W).

9 7 Format G02/G03
& Go2

Block NOI/NO2: Move to¢ start position
Block N7: Infeed in Z -100
Block NB8/N9: Arcs- 1,2 set deeper

Note: :
. 1 Arcs can be moved only in one plane.
: Thus, the Z-value of the previous block
R’\Q . has to be taken over.

= 5
) -
+X
20 -
N G X Y Z F
Q00 g2 O 0 1000
4 ol 00 2000 2000 1000
B 2 o1 2000 2000 0 Pogition milling cutter at start GOZ
3 02 3000 | 1000 0 ..
 —
4 02 2000 O G s
5 | 02 1000 | 1006 | O ..
& 02 2000 2000 o] e
7 01 2000 2000 =100 & | Position milling cutter at start GO2Z
3 Q2 3000 1000 .} -100 s
g 0z 2000 O ~-100 oy
10 ' .
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GULJGS. 11

Exercises

G03 - Incremental Programming

Position of milling cutter at start
as indicated in drawing.

Circle is in XY¥-plane
2=0

Start the circle programming in point
!io!! .

G

X Y F
M} b o K (S) (L (Ty{H}

G03 —~ Absolute Programming

Position of milling cutter at start
as indicated in drawing.

Carry out offget of zero point.

Circle is parallel in X¥Y-plane, but
at a distance Z +10 mm.

Start the circle programming in

point "O",
N G X Y z F
(M) & D X & (TR G

= ANSINTD 44
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Programming Exercise G02/G03

- Mode of Programming: incremental
- Approach direction as in drawing

- Determine starting point yourself

{50}

sl - Determine drawing with dimensioning
of triangulation (station).
&
[
'y ‘( ]
\. v |
’ 0
3 . p
(50) - 15

Approach direction as in drawing.
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Programming Exercise G02/G03

25

—

(503

A 4
r
I
ru
- |
Q 4
n i
|
r”
L
¥
4
(15)

Alternative 1

- Mode of Proqramming:'absblute
- Z2ero-point of workpiece as in drawing. .~

-~ Starting point of milling cutter as
in drawing.

- Dia. of milling cutter !¢ mm.

Alternative 2

~ Mode of programming: absclute
~ Zero-point of workpiece as in drawing

- Starting point as in drawing.



S

Y-Z Plane

Exercise

Mode of programming: incremental

- Circle in ¥YZ-plane

- Start peint as in drawing

G02/03.17

—
N G X Y z F
) gy @ Ky s Ly {TyeH)

Exercise

Mode of programming: absclute

- Zero-point as in drawing

~ 8Start point and end point for pro-
gramning is workpiece zero-point.

™)

D)

v
Ky 8

T
!
H

Foo
Ly




GUZIGUS. 1Y
Circles X-Z Plane

Exercise

- Mode of programming: incremental
~ Starting point as in drawing

N G X Y z o F
(M) )y Ky (5) ) (LH{THF
Exercise
~ Mode of programming: absoclute
- Zero-peint as in drawing
- Starting point and end point for
programming is the zZero-point.
- 1
p G X Y » £
(M) ) (D) "y (8 LMy ith

E RANNIrEAg 44



Complete circie programming

A circle up to 360% can be brogrammed
in one block.

Quadrants programming

A circle is divided into 4 quadrants.
In one block only one arc of max.
9CC can be programmed. The arc of
circle has to be within a given qua-
drant.

In this case two blocks are necessary

because the arc reaches over 2 guadrants.

F1-CNC
-~ Quadrants programming:

- To program a part of an arc within a
guadrant, a code in two blocks is

used.




WVHULIVO. L0

Arcs with Angles at Randpm

on the P1-CNC arcs in steps of 19
each can be programmed. The programming
is done in various subseguent blocks.

Mode of programming: incremental

{(The fellowing examples are in the XV-
plane; for all other planes this prin-
ciple is valid too).

J=0° N 101 Radius 10 mm

] /_ K=30° - First block

Here the 90° arc in which the
i partial arc c¢ircle is situated will
w300 pe determined.

N100  N100/G02/X1000/Y -1000/Z. . ./E . .

With GO2 the computer is given infor-
mation on the sense of yotation.

With X 1000/Y ~-l000 the computer knows
the quadrant (tsign of X,Y) and the
radius of the arc.

Next block
N101/M99/J =0/K =30

M29 is the key information for the
arc # 90°.

J~address: for the grades statement
Blocks NigO/101 are ceonsidered by of the start of the arc .within the

the computer to be one unit. The’ quadrant.

computer asks whether there is a

M3S instruction in the block fol-

1 K-address: tardet address of the arc.
lowing a GOZ2/G03 instruction. -

Statement in grades.

E.6N2iG0nR 23



i 24 [+] 6‘)0
37 e
] \K
A’ng
K=90
~,
J=32 X
. N I I
KN
Q
&)
. - ° S
! & 3=0
—K=28
il

G02/G03. 256

Example
Incremental value programming

NI1OO/GO2/X1000,/Y -1000/Z=0/F.. .-
NIQL1/MSS/J24/K67

Example
Incremental value programming

Arc of circle reaching over a few gqua-
drants.

N1OO/GO2/X1000/Y1000/2=0/F. ..
N101/M99/332/X90
Arc in gquadrant I.

N102/G02/X1000/Y ~1000/Z=0/F ...
Arc in quadrant II.

N103/G02/X -1000/Y ~1000/Z=0/F. ..
N104/M99/J=0/K28
Arc in gquadrant ITI.




Using the Chart

T N B Wk RS T e

The chart shows you the J,K-values, the
exact grades and the coordinates of points
for a circle with radius 1.

- pE
L
’/
Py :
sl
& 1
Q
N7
PA " - N A

in crder to program the cutter path it
is often necessary to calculate the
coordinates of the arc starting (PA}

and target point

(PZ) . These points

are missing in many drawings.

{All examples are in the X,¥-plane,
the same principle is valid for all

other planes too)

Example:

X{a) and ¥{b) coordinates of the tar-
get point (PZ) are not known.

Calculaticon: a

i
cos 46.01 =

1 R.cosd6.01 =
a = 10 - £6.945 =

it

Calculation: b

Eales

sin 46.01 =

b o= R.sindb.0l =

[®]

These values can
chart.

£.9453
3.0567

also bhe read from the

5-G02/G03. 27



Circular Interpolation - Parameter

XYZ-Values at the Circle 1

r
a b
S K Grad Xyz XYz
O 0 o] Q
-
1 1.683 o 18t
2 1.98 & R47
= 3. 82 td 5258
4 4,88 23 Tas
= 5.18 G 389
&8 £.,.85% 35 1858
7 7.1 89 1zge
3 .86 a7 14a3
b= ] 4.683 125 | ater]
1 5.89 | 1832 1736
11 18, 58 121 123
12 11.93 24z 2063
13 | 12.998 258 2e5a
14 14.9%5 =gz 2431
15 153.03 233 dw 1
i6 16,82 3I7E 2754
17 17.82 431 2938
i8 1g.83 486 =097
18 18.4a3 42 2264
g8 | za.ea 597 3431
Z1 | 28.%7 m532 asaz
22 | 2z.88 TE2 37a8
23 1 23.84 vag 2gq17
&4 | 24,8 861 1 4453
&8s  24.38 | E31 4222
ZB 25,82 1898 32375
&7 | Bs.a9 18383 4354z
= 7.88 1187 4GR4g
&9 L 28.98 1258 4347
2@ | 23.88 1333 5000
31 38,37 1417 5153
a2 32.61 1514 5386 .
33 33.83 B8l 5458
4 34 .82 g s HEAT
2E . 34,88 1598 BT ES
e o 3%.396 1203z 3875
IF D O3E .83 kqs il Feidg
=8 | 37.9% zZi1t B1%3
385 | 38.37 ZEEE BEas
48 | 39.38 2333 G431
EN 41.88 cddd [ ntn
42 | 41,88 ZEsg BETG
a4z | 48,47 2881 5818
44 | 43.388 2RO 5544
4% | 4%.0¢ aan TR

G02/G03. 29

a b
4K | Grad XYz XYZ
46 | 45.01 | =2OSE . 7194
47 47, Az 3181 Talzm
48 48 .03 R0 T4
4g | 48.938 | 343! | 7HSS
s@ | 50,81 | 2963 1 7EET
51 51.682 ITOB ¥rrve

P B2 22,04 =847 TERS
53 | 53.45 | 2986 | £088
sS4 | 54.82 | 41235 | 23037
55 | 55.00 | 4284 | 8134
=6 | Sm.a7 | 4903 | 8232
BT =, 494 fS JarEe ey 8383
b} 57 .82 dizad B4a8
S5 bk S Fed 4847 2583
E0 | &R.A1 | SORB | 8657
&1 81.81 5153 2784
g2 | B2.91 | 5206 | 8833
6% | 63.088 | S358 | 8817
&84 | 64.07 | =625 | 93200
€% | £5.83 | STTE | 9063
6 | 85.89 | 5331 91238
67 | BR.95 | &B83 | 3201
g2  67.9% | E2%@ | 3278
65 | 6%.08 | B417 | [3GY
7R | B%.95 | &S558 | 3403
71| TE.88 | B736 | 9453
72 71.96 | BI@3 @ 8514
Tz 7E.97 PEES FEEY
74 | ¥3.97 | 7&36 | 3625
7% | 74,96 | 7403 | 86T
v6 | 75.94 | 7S89 | 97as3
77 7Tr.Ae | 7rsa | avsae
e TE. 85 TaIl = s
7E | 7.3 | 8487 | 8981%
20 | 23@.9@ | 3384 | 9847

1 80 .98 2431 QRS
&2 | 81,93 | B%37 | 8303
3 g2 .38 2778 i ic il
@4 | 8%.94 | =344 & 3944
3= | 84,83 | Fi1l | s3s3
@6 | 85.83 | 92392 | 997
&7 | 8.7 | 34ve | 99as
%5  28.81 | IS | 10008
85 &8, 98 a9s19 12aas
S0 | %E.08 | 10080 | 19048
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In the charts the a,b values are indicated
far the standard circle in 4 digits.

16 .82 7S 27ea Exampie Radius | mm
7.08 431 | 2931 25° (24,96%)
18,03 485 3097
19.083 s4z q264
a=-value: 0,0931 mm
2a.nd s97 393
2 _ t bevaiue: 00,4227 mm
2@, 27 5383 BEET
=z .00 Tae IFEE
23.04 rga 3FLT
24 .pa 81 40859
24 .98 231 4222
75,38 Tsrats) 4375
25, a9 19EE 3542
27.98 LIGT 459
28, a8 1258 4EAT
25,38 1533 SE0e |
Values (a, by for any
s, a7 | 14 v S153 - desired angle (random)
3E. 81 P SIDE
33,05 1611 5458 L ) en radius sizes
~4 . go {7oe s5%7 Multiply a,b values with radi g
a4, 2% 1 a0 =7 RE
35 | G9E {anz s27S
36.32 | z9ea | £914 Example
5785 =Ll BiS3 w = 418
2q7§8 Zman :iz“{ Radius 6,35 mm
C4qi.a@ | 2d4d B8S649 a2 = 00,2441 % 6,35 = 1,55194
41,95 zuEe GEE4G B o= 0,6569 x 6,35 = 2,171313
4z,37 0 EES1. 0 B81%
4%.38 GO ESa4 - . . e
=T T R TOE Lne ”Jﬁi‘;é%% '“‘qu.. e prograﬁ}mec without
b d ; rounding of £,

E MAASI/aS G4
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The statement of angles is always pro-
grammed from the guadrant start.

Thus, the a,b valueé may have X,¥ and
Z characteristics.

Exercise:
Put in the a,b values of quadrants IV
and I.
Fa
Radius 10O _mm
R
I
v I
400 a

Radius 27 mm

bt

v

g R



Y
. L
21¢
[.G
6 P
PZ

Exercise:

Put in the coordinates foxr Pp,

PZ and ?E.

Radius 10 mm

v

Radiug 38 mm

PO

Pz,

5-G02/G03. 35
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Programming of Arcs # 90° in absolute Mode

For a better ﬁndezstanding some details
on the FI-CNC computer.
In the memory (RAM)} the 90% arcs (Qua~

+Y drants) are stored -
| P .
E .
with the block:
N.../GO2/X=1500/Y=1000/Z2. ...
£ I The computer knows
- - gense of rotation (GO2)
+X

- position and size of the 90° arc
(statement of coordinates of end point
PE of 90° arc).

The starting coordinate Pg of the 90°
arc is known to the computer from the
previous block.

In the computer, this quadrant is
divided into 90 steps of 1° each.

Manufacture of the 80° aré

The computer instruction ig:

Traverse all 90 steps of the programmed
quadrant.
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Programming of Arcs from 0°to o # 90°

We instruct the computer to edit
only a part of the 9C steps.’

This is done with the M99 information

J=0 to K=30

Flow in the computer

N39/GO1/X=C/¥= 300/Z......
NICO/GO2/¥=1500/¥Y=1000/Z. .. ..
N1OL/M29/J=0/ K=30

1. The computer checks whether starting
and end coordinates of the 90% arc
are correct. '

It compares the coordinates of blocks
NG9 and N10O.

2. The computer asks whether there is a
M99 instruction in the following
hlock.

No Yes

-~ It calculates ("theo-

retically") all steps
up to J.

All 90 steps are edited

- It edits traverse in-
structions from J to K

~ It ¢alculates from X
to 90° without editing
instructions.

R.INDICNZ G



 GO2G03. 41

Programming o # 0° toa = 90°in absoh._tte Mode

1. Programming to point PA
‘NiCO/GO1/%616/Y468/Z. ...

2. Arc = 28° wo 67°

e e e ek e e o e s e L St i T i S e W P S B T v . R B

+Y N101/GO2/%1616/Y1468/%. ...

The absolute coordinates of the quadrant
gi . end point PE are described starting

from point PA.

P

By computation this is the end point of

@
5} the quarter &arc.
i
o 72 I ~ X XE = XA + /R/
YE = YA + /R/
ZE = ZA

2.2, Ni102/M99/328/K67

Flow of data in the computer -
Manufacture

1. The computer checks whether coor=-
dinates of starting point PA and
quadrant end point PE are correct
(absolute) .

2. M99 instruction exists.

a) Computer proceeds up to J28
© (= 28%) - without traverse in-
struction.

b) It gives traverse instructions
from J28 to K67 {28°-679) . The
" impulses from J28 to K67 are
worked through. The indicated
quadrant is manufactured -
from starting point PA toc tar-
get point PZ.

£
H
£
£
£
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A Method of programming Arcs « # 90° (absolute)

With partial arcs oC # 90° it is often ne-
cessary to calculate starting and target
point of the previcus and the following
blocks: thus it is useful to establish a

chart.

Specification:

PA - Starting point of partial arc of
circle

PZ -~ Target point of partial arc of
circle

PE - End point of quadrant ("theoreti- '
cal™ target point)

PO ~ Starting peint of guarter arc.

Examples:




Nl W et N W Rl 7Y e

Coordinates
+Yh
PA: PA is the ftarget point of the block
hefore the circle programming
XA
YA
+X
- zA
PE: "Thecratical"” end point of the
gquartey arc
XE = XA + R
YE = YA + R
ZE = ZA (interpclation in the plane)
+X
PZ: Programmed target point ’
+Y P.
4 £ XZ = XA + b X
vz = YA + A ¥
y ‘ ZZ = ZA (interpolation in the plane)
+X
zan -
[ . : Coordinates path of the partial radius
A X = IPZ - XPA
A Y = YPZ - YPA
L 2 = O (interpolation in the plane)
PC: Theoretical starting point of the
. guarter arc ’
XC = XA - a
YO = YA ~ b
20

= ZA

5.G02/G03. 45
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Exercise:

Put in X,¥-values, Z-value = QO

30

X ¥ z
R PA
z R
PE
o
&
R 15 Pz
Py=R,
oA +X PO
Lo
Program the path
W-DA+Dz-P1
X Y F .
@ w0 e 2 Jymen| Temarks

H
¢
H
H
¥
H
i
4
|
4
i
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‘ +¥ Exercise:

Put in X,¥Y-values, Z-value = Q

Program path
W -PA - Pz -P1

@ PA X Y Z
1 PE
(5]
-—
Pz
X V4
12 PO
G X ¥ ) 3
N (M} (Jy D K 5 z (L)Y {H) remarks

Ll L W T TPy WV, T o



Exercise:

Slot 3 mm deep

Programming: in absoliute mcde

Go2/G03. 51

Zero peoint of workpiece as in drawing.

M)

X
4 Dy

F
f3(T) ()

remarks
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G04 ~ Dwell

If you manufacture a borehole and with-
draw the drill after you have reached
the desired depth, then the chip will
be torn off. The base of the borehole
has steps. '

“

With boreholes of tapered shape this
often does not matter. With shouldered
boreholes, however, it can be disturbing.

SN

,//// The same applies for milling cutters of
larger diameter or for fly wheel cutter

if you move away suddenly.

You have an unwanted shoulder in the
workpiece.

Tn such cases a dwell should be programmed.

Programming

Format G04
N3/Go4

The tool remaing 0,5 seconds in
the programmed pesition of the pre-
vious block.

[ aT T I



G21 - Empty Line

You may program as many empty lines as
you wish in a program.
The empty lines are jumped over in the
Pprogram seguence.
' In the place of empty lines you can
program at later stage other G- or auxi-
liary functions.

Format G21
N3/G21

5-G21
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Subroutines
G25/M17

The subroutines are "managed" by the
main progran.

In the main program the movements are
programmed up to the siarting point
for the subroutines.

MAIN PROGRAM

Bt the end of a subroutine the in-
structicon 1s given to carry on with
the main program.

5-G25.1



Subroutines

It happens gquite often that various milling
cperations of same shape are manufactured
at one and the same workplecse.

Example

~ 4 geometrically identical paockets.

- For the manufacture of each pocket
the milling cutter has to be moved
Lo working position.

= The programming and manufacturing
process is the same for each indi-
vidual pocket. You program in one
pregram pocket milling for 4 times.

These identical operations may be pro-
grammed just once and then “stored".
If they are needed they are called up

To our example

1. The tocl is moved to the first mili-
ing start point.

2. The subroutine is called up. The
first pocket is being milled.
T——Start and endpoint of
subroutine 3. The tool is then moved to the second
milling start point.

4. Subroutine ls called up.

%, The tool is then moved to the thivd
milling start point.

~ }// 6. Subroutine is called up.

. etc,
Subroutine
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Principle: Call-up of Subroutine and
Sequence on F1-CNC

e i)

MAIN PROGRAM éﬂa 57ART [ /

¥
Fi
s ¢
57
) - 3
y " 4
f
o~ 4§
A o
13
i

ém G25 | LS50 |

x5 cas Lo

v
4

[ Jm3a Jeve ]

uP 2 Nwﬁ | /
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5-G25

Subroutine-Programming
G25 Jump to Subroutine
M17 Jump back to Main Program

NOO/GSC

— NOB/G25/L100
NO7 /GO0 ---—

N/M30

e N 1O0/ GO

N105 /GO0
N1O6/MLT —

Programming up to the first start of
the subroutine (assume NC5H) .

. Call up subroutine G25 in block NOG:

NO6/G25/ L1000

~ With G25 the subroutine is called
up.

-~ Under the F-address we describe the
bleck number with which the subrou-
ti?e begins.

In this case the subroutine begins
with block no. NICOQ {the bleock no.
is selected by the programmer).

. The subroutine:

N100/

N1iO1l

NigZ

N103

N1O4 ...

N10O5/GO1

In the subroutine the operation to be
repeated is described (block N10OO to
block Ni0O5)

. Jump back lnstruction M17:

At the end of a subroutine you have
the jump back instruction M17. The
program jumps to the following block
with which the subroutine was ¢alled

up.



Example

AR LLD

-~ Programming main Erogiam: absolute

i

Programming subhroutine: incremental

- Zero point of workpiece as in drawing

- Reference point set-cff as in drawing

~ Diameter of milling cutter 8 mm

Continue the program. Start point shall
be end point of program.

In block NOS the workpiece zero-point
is programmed again.

] -
e
o [ j |
!
. L J
o
o
P> e N {“‘
o) . i i
I
| ____/ \___/ B
1 v A
-
D5 15
' 30 15 4
- (15)
(30)
Nl @ o ® 1) z {a}{%(ﬁ}g
0092 | ~3000 o | 3ceo 50191 ]
1 IMO6 D400 |52000 O 107 5101 © o - 600 | FO
1] ol %00 900 3000 521011 700 | © o | 140
3loo| 200 300 200 53 |01 0 o0 O 140
bl 25 , . LED 54104 | “FOO O O 140
§192| 900 900 200 - 65|01 o - 300 O 440
6| o0l 3400 | 900 200 56 |00 @) o 600
Fi25 . LS50 TFEIMIT
8 -
3 ,
l
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_, More Subroutines
3 4
You can write as many subroutines in a
program as you like,
Example
1 2 The slots 1 + 2 are subroutine no. 1.
The slots 3 + 4 are subroutine no. 2.
The program shows an incremental main
program, '
NOQO
Subroutine - NGOS5
instructions .
- : NOC6 / G25. / L50 Jumps back
NOO7 /GOO - -
NOO8 / G625 / L&C _
NOOS /GO0 -
e NO1Q / GZ5 [/ L5O
 NOLL /GOO -~
NO1Z / G25 / L&O .
NO13 /GO0 - e -
i (e ';é
4 I NOi4 o
z-o-a‘ r9! (AN} o3
w| @ 2 5
@] 8 =
Al = =
N.../ M30 gl @ 2
Qi =2 5
™ o ]
g 3
4
2 -——»-v-—_»-i" NOSO / G...... § o
m| NO51
NOS2Z
NOS3 Subroutine 1
= NS4
NO55
NO&6 M17 Jump bagk
instruction
<
e
o
o
]
._________—————-—-——‘—_____’ NOGO
NOG1
NO&2
- NOG 3 Subroutine 2
. NOG4
- NOES .
. NO&6  MI7 Jump back

instruction
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5-G25

Part of a subroutine

You can also call up parts of subroutines.

An example:

-~ glot (1} and siot (2) are identical
and contained in cross slot 3 and 4.

- You write a subroutine for slot 3
and 4.
NI1QQ/G91
NI1CL/GOL  to

) =)

N1O2/M17 .

;7 You can use block NIO5 to 108 for the
manufacture of slot 1 and 2.

It is possible to call up parts of a
subroutine. _
In this example:

Block N1O5 to N109 / M17




slot 1

The scheme shows an incremental main pro-
gram. In an absolute main program you have
to determine the workpiece zero-point with

G9Z.

5lot

Slot 4

NC5
NO&

Slot 2

r N1CQ
Niol
NiQ2
N103

{ N104

N1O53
NiOB
© NiQ7
N108

“NI1OS [/ M17

Part of a subroutine program

525

Milling cutter is positiconed for subroutine

T G2B

GO
G25
GOG
G5

GOO

f GRS

/LI00

g

/ L1000

/

/

g

L1053
i}

105

Jumps back

[l Vot e



Example G25/M17

Program this example:

Width of slot & mm
Depth of siot 5 mm
Zero point of workpiece as in drawing

Decide yourself between absclute or
incremental value programming.

Start point as in drawing.

J

16
=6
T
| |

) o
'n]
<
3 “ =
3 C 3= N
[ :
o
| 1 - ¥

1 E

it 29 T ]6 - ""'1"5‘*'.‘ -
20 -
G X Y 7 F

N (M} 4 (D ) (5) A3 (M (H
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Example:

You have to mill a rectangular slot.

Since the slot is deep you need a few
runs; these are identical in the X¥-

plane.

Example:

- Mill cutter is already cutting at block
-no. NOO5.

- NOO& is jump to stbroutine.

~ The subroutine consists of block NiCl
to N10O5.

- N1Q5 is jump back to main program.
- NOO7 is infeed in main program.
- NOOZ is jump to subroutine.

etl.

RO 94



Exercise

Program the workpiece. The depth of cut
shall be reached in 3 runs.

| 4 [ ™\ 1
|
: |
Gl oo™ [
eI
I
|
| S—
| \, J ]
| <«
|
4 42 - | il
i 50 - - 15 -
G X Y z F ]

(M) 63 C>) T IO R 5] WM remarks
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Exercise

- Make a sketch indicating the start
w " point.

- Determine the zero point (W

Main program: absolute

25

- Circular siot in 2 runs

o

(50)

Depth of slot 10 mm

X Y
(M) D) Ky (8

25 B
(50)

R.E9E 9%



5G25

The Nesting of Subroutines

Call-up - Sequence

MAIN PROGRAM

Us



5-G27

G27 - Jump Instruction
Format N3/G27/L3

G x ¥ F
N o wel ] we LMD
13 127 149
4¢ -
4ol ol D )
1203 17 018
N | B X R F
(M} W o & S LMD
3 124
47
finishing program
12
131 & [ [
14
(M} B O <} {8 Ly M)
3127 13
4 1)
finishing program
12 1. _
1zl O &
4

Example

Block 17
Instructicn to jump to block 110

Bicck 120
Instruction to jump back to NIE

Application

- The surface of the workpiece shall be
worked or not. g

- You descyibe a finishing program (N4
o N12}.

-~ In the block preceeding the finishing
cperation you program G21.

~ In blocks N4 to N1Z the finishing cu
is carried out.

Jump instruction

If the surface should remain unfinished:
Delete N3/G2l
Program N3/G27/L13

The blocks N4 to N1Z are skipped.

L P
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5-G40/G48

The Cutter Radius Compensation -
Parallel to Axis

G40 -~ Cancel the compensation
G45 - Add cutter radius

G46 - Deduct cutter radius

G47 - Add cutter radius twice
G48 - Deduct cutter radius twice

S

e

o\ [/

3

|+ 2D

A

b+2D

Formats G40
G45

N3 G46

G47

G48

G45/G46,/G47 /G648 are self-maintaining
functions. They are revoked by G40

or MBO’(program end) . G45 can be over-
written by G46/G47/G48 and vice-versa.

Before programming G45/G46/G47/G43
you have to describe the tool data
under MO6G.

In examples up Lo new we have always
been programming the center line path
of the cutter. With the lengths to be
worked the cutter radii had to be

added or deducted.

This calculation work can be taken over
by the computér, 1if appropriate infor-
mations are given.

g
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G45 — Adding Milling Cutter Radius

7 Programming incremental

The milling cutter shall touch the in-
side <f the contour.

k v Conventional programming:
) N, /GOO/ =1+ L.
The radius has to be added to the length
L(30 Lo :
Programming with G45 (Adding Cutter Radius)
G X Y z - E . . o .
(M) 4y D K (S} LM 1. The computer has to know the cutter
- radius so that it can calculate the
] correct movement (1 + ).
MO6|D Soo IS 2 boe 0 T 04 '
In one of the previocus blocks the
tool data have to be described, other-
wise alarm sign AIS.
2. Call up G45:-
{Mog 1D Soo S 2000 Y 1041 Add cutter radius once.
G 45
3. Program movement.
Mos |0 500 <7 000 o o Measure L (30}
The computer picks up the tool data from
: .. the MO6 instruction which was programmed
“L 7 last.
0g i 3000 ) 2

Cancel the cutter radius compensation:
SN.../G4C

ROANIAR R



5-G40/G48

G46 — Deducting the Cutter Radius

20

+Y

35

40

¥

Mode of programming: incremental

Cutter shall touch outer contour.
Cutter dia. 1o mm

Programming:

N1OQ/MOG/D5CO,/S2000/v=0/T(F} 1
NIOi/G46
NIOZ/GOL/X=L/Y=0/2=0/F. ..

The cutter moves by the distance 1-D.

Approaching an Edge ~ Not parallel to Axis
Programming: incremental

Cutter dia. 16 mm
Reference dimension Hy = O

NO1/MOG/DROGY 51700,/ ¥Y=0/T (F) 1
NQZ/G46
NO3/GO1/X4000/ Y2000/ 2=0/F. . .
NO4/M30

Approaching an Edge — Not parallel to Axis
Proaramming: absolute

= Cutter dia. 16 mm

- Zéro—point as in drawing
NOG/G92/X~4000/ Y~ 3500/ 21000/
NO1/MO5/DE00/ S2000/2=0/TO1

NOZ/G46

NO3/GOC/ X=C/Y¥=0,/% 1000
NO4/M20



Exercises G45/G46

- Program the distance/traverse Py-F,
in absolate and incremental mode.

- Radius D: 12 mm

- Zero-polnt from point Pl.

5-G40/G48

N G X Y F
(M) D Ky (8) {L}(Ty{H
+Y‘
i -
in
o~ | N G X ¥ F
(M) 4y () Ky (5 LIty
[
- + X
1 {\ P
2., -
LZ
i
N G X ¥ E
(M} (D Ky (8) (L} (T {H)
+Y*
1
(55 ] ]
¥
J
o N G X A 4 F
- M) AT Ky (%) (L (Tr (k)
iy - |
1 Y o e s
./
18
» 38




5-G40/G48

G47 — Add Cutter Radius Twice

-~ Qutside contour shall be milled

Mcde of programming: incremental

Cutter radius ¢ mm

1

Starting pbint as in drawing

Programming:

NOOG/MO6 /D800, S2000/2=0/T (¥) 1

- ) N1/G46 -
N2/GO1/X2000/Y1500/2=0/F. ..
N3/G47

N4 /GO1,/X4000/Y=0/Z=0/F . . .

30

! N5/GO1/X=0/Y3000/2=0/F. ..

N6/GOL/% -4000/¥=0/Z=0/F. ..

15
10

N7/GO1/X=0/Y -3000/Z=0/F...
N8/ (46

- NZ/GQO/X ~2000/Y -1500/2=0/
15 N1O/M30

40

-1——2—0————h-|, Block N4 to N7

Cutter radius is added twice.

Block NO2Z2, N9

Cutter radius is deducted once.

Cutter path plotted




30

34

13 o

Iran\
b/

Q‘UIW!“‘K)

Programming exercise:

Cutter radius 5 mm

Incremental programming

Starting from point Py.

F
My W D (8 AHN

Absolute programming
Determining the zero-point starting
from point Py.

N G

X Y £
M) S (K) {5} (LHTHH)

B RANITIAR 44
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5-GG40/Gi48

G48 - Deduct Cutter Radius Twice

Example: Milling an inside contour

- Milling cutter radius & mm
- Mede of programming: incremental

15

Block N3: move in
Block N5 - N8: inside contout

Biodk N9: move out of inside contour

Block Nil: withdrawal to starting
position

Program:

NOOO/MOE /DEOO/ 52000/ ¥Y=0/T (F) 1
N1/G45

N2 /GO0 /X2000/Y 1500/ 2=0
N3/GO1/X=C/¥Y=0/Z -500/F...
N4/G48
N5/GO1/X4000/Y=0/2=0/F. ..
N6/GOL/X=0/Y3000/2=0/F. ..
N7/GO1/X -4000/Y=0/%=0/F...
N8/GO1/X=0/Y -3000/2=0/F...
N9/GO1/X=0/¥Y=0/Z500/F..
N10/G45

N11/GOO/X ~2000/Y -1300/2=0/F...
N12/M30

Cutter path plotted in one plane
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Exercise;

Cutter radius 5 mm

Incremental programming

Starting from point Py

5-G40/G48

N

G
(M)

X
(Jy Dy

(K

Y
s

i
{LHTHH)

30

29

14

40

i\

28

Absolute programming

Determining the zexo-point¥

from point Py.

N

G
My

X
(CI

oG

($)

£
L) T (Hy




5-G40/G48

Example: Combined Inside-/Outside Contour

Mode of programming: incramental
‘ Milling cutter radius 5 mm
A
g g
Y
!
o - 25
o~
Y Y
A
(s 50 -
Q
'q'
Yy
35 -
Na| W | ke 2 M| Temarks
QO M6 D ECO | SZ200D o Tor
1146
2100|3500 |7000
3147
Liot| o 2000 . © 1004 ]
§i40
& 01 2500 o) o 100
7 [48 -
g |01 o 2000 o 100
g |40 :
10101 | ~2500 g |1 o0 100
111 4F | \
12 |01 % 2000 o 100
43101 | sopo | - © QO |Hoo |
44101 ) -6000; © 100
15101 | - 5000 0 o 400 |
46 (46
1F|00 | - 3500 ~ {000
18 M%) -
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Exercise:

Program the example in
absolute mode.

Zero point as in drawing.

Cutter radius 5 mm

8
¥
A
o .25
o~
| 2.
50 -
]
e
| x
lan X
35
G X Y E .
N M3 ) {; 0 (S) W ) remarks

EMMANIAD £
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G64 ~ Switching Feed Motors Currentless

Format G64
N3/Gb4

The previously programmed G- and M-codes

remain stored.

Switching currentless with program
stored '

G64 is a pure switching function. It

1

AR

is not stoered.

2. wWhen a number appears on the VDU,
press kenyEL{

3. Key in [3[3.

4. Press key , the feed motors ar
now currentless., :

1, Press key [—»]until G-lamp flashes.
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5G72

G72 - Pocket Milling Cycle

Pockets are a guite common shape when

miliing. The programming work of many

single blocks can be put together to a
cycle, The computer cffers a. £ixzed se-
quence = cycle.

Programming G72
1. G72

2. X-value, inside dimension of the
pocket in X-direction.

3. ¥~value, inside dimension of the
pocket in Y-direction.

4. Z=-value = depth of pocket

5., F-value

? - Format G72
N3/G72/ x +5/Y + 4fZ + 5/F3 -

With this block the machine cannct mill

G X ¥ I F a pocket yet.
N oo ® © o lumm
- It does not know the radius of the
; - J cutter and thus cannot calculate the
Mog '“) Cfﬁi) movements.
h 72 Ciii> <::> <::> <:> = Therefore, the tool has te be des-
cribed in one of the previcus blocks
(MOG) .

The computer uses these data {cutter

radius) to calculate the effective

movements which were programmed last.

If no MOb was programmed before, alarm -

sign 18 will appear. J

= IS 4



5-G72

Pocket Milling Sequence

The milling cutter has to be positioned
before the pocket milling can start.

1. The cutter moves into the pocket by
the Z-value, if a Z-movement is pro-
grammed.

+¥ +Y -X =Y

. Z. Milling out ({reaming) a pocket:

- The first movement is in X-direc-
tion.

X -Y

—Y 4
X +Y - The signs determine the seguence

<i:::E;EEEE§:::;? of the traverse.

Overlap:

10

The overlap is /10 of the cub-

ter radius (with 2 mm radius approx.

. 0,5 mm) .

4 The computer takes the information about
~the radius from the M0OE block which was
programmed last.




DAL L

The sides are being finished. Traverse
1G/11/713. Pinishing measure approx.
1/10 of the cutrter radius.

Rapid traverse

4. Cutter moves cut of pocket (Z-direc-
. tion}) i artin ocgition.
Begin of cycle ion }nto starting pos .

The pocket milling cycle is complete.

End of cycle

|

L I

bemds e e e -
Pockets can be programmed in absolute
or incremental mode.
Incremental programming:
X,¥,Z2 values are given from the starting
position.

Technolagical tip

When moving in a milling cutter the feed should be approx. haive of the normal
cutting feed. . ) . o
- Therefore it is advisable to program this first movement in an exira block.

RLX79 R



Summary G72 (M06)

With pocket in X¥-plane

N.../m06/D(x) (O /s Dzt O e (D

(3

Ro../GT2/X 7 N/t (S /2D /F (D

Data for calculation
of cutter path

X-value Y-value Z-value-

MOG X = Inside measurement of pocket
D(X) = Cutter radius Y = Inside measurement of pocket
S{¥) = Speed Z = Infeed depth
Z = H,-value '

F = Feed
T(F) = Tool number

The computer will calculate all re-

ference points automatically.

5G72

e N r Example:
: + (Qutter diameter 10 mm
2 ) ..
at i + The pocket is programmed incremen-
! tally
\ - 9/ L.v + Start position for cyclie as in
drawing.
N G X Y F
- 40 - 4 MW@ " S L MH)
Start and ta&yget
cosition. 95 o0 |
T ™~ Dg Moe| 500 2000 N
- 2% 72 | 4deppn 3000 - 5op (@)

Mcocve to start position
Tool data
Pocket milling cycle

it

NG
NG
N7

i

H




50

- 30 g 25
5 20 .
'}
1 T 7 N
o
™~
a \
Y, ~
o
Y
40

ohard

Example:

¢ Cutter diameter 8 mm
¢ Programming mode: incremental

Example:
o Pregramming mbde: absolute

¢ Determine the zerc point of the
workpilece

o Mill the pockets in two runs with twi
subroutines, if you know G27 already.

R2Yy 6



G81/B1

Boring

With GO0 and GO1 you can exeCute boring

operations:

I. You precgram with GOI
depth cof bore

{(feed} at desired

2. With rapid traverse you move Lo the
starting point of the boring cperation.

The procedure is always the same one:

- Boring with feed (GO1) to length L
~ Withdrawal by length L with GOO.

Therefore these two movements are put to-
gether in cne G-function (cycle).

G81 - Boring Cycle

Gog

Programming:

N.../c8t/z%. . ... /F.

Under the Z-address you program the

depth ¢f bore.

F-address: feed in mm/min

The withdrawal is done autcmatically
with GOO. -

Format G81
N3/G81/Z + 5/F3

Appﬁcation:

Through holes with a not too large depth
of bore. ' '
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G82 - Boring Cycle with Dwell

If the depth of bore is reached, the with-
drawal with G81 starts immediately (rapid-
traverse). The bore chip is torn off. -
The surface at the base of the hole is not
clean.

Therefore the drill bit remains in the
programmed position Z.

Sequence )
1. First movement: with feed

2. If depth of bare is reached, the drill
bit turns without feed ©,5 seconds.

3. Withdrawal in rapid traverse.

Programming:
N.../GB2/2%. . ... JE. ..

Format G82
N3/G82/Z + 5/F3

Application:

Blind holes cof medium depth.

R.aa9 4
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G83/B3

G83 ~ Withdrawal Cycle

Step

- It happens quite often with deep
pores that the chips are not flowing
cut properly.

~ Therefore you have to withdraw the
drill bit in order to take away the
chips.

You can program the operation with
GO1/G600/GOL/GO0 ete. or with various
G881 or GBZ cycles.

The drawing illustrates the principle,
that a few cycles are again put together

£C a new cycle.

Chip discharge

3. Step
Chip discharge

etc.




G83/B4

Programming G83:
N.../G83/Z~..... /8.

The final depthh of bore and the feed are
to be programmed.

Procédure:

1. Bore at &6 mm depth with feed

2. Withdrawal with rapid traverse (6 mm)

3. With rapid traverse 5,5 mm and &6 mm feed
4. Go to starting point with rapid traverse
5. With rapid traverse 11 mm, with feed 6 mm

etc. until you reach the programmed Z-
value.

Format G83
N3/G83/Z + 5/F3

Application: Deeper bores



Example:

Pay attenticn to the technolcogical data.
Use drilling emulsion to protect the drill
bit.

Bores larger than 10 mm dia. need to be
rough-drilled.

Use G81, GB2, G83.

Fra

40

(50)

35
i
Il
-!

15

10

G81/82/83/85



G85

- G85 — Reaming Cycle

In order to achieve bores with a high surface
guality, reaming of bores is necessary.

Using standard twist drill you may reach
quality 11 to 12, Por higher guality standards
the bores have to be reamed. By reaming you
reach gquality 6.

G885 is a combination of two GGI
| “commands.
|
N < Programming:
~ Block number
¥ - 585
- Z-value
- Feed F
Feed GO1 Feed GO1
~N
G85
12 hqs deep Format G85
N3/G85/Z + 5/F3
%
' &
Wy -
o~
L Note:

The depth of the bores to be reamed is
indicated in the technical drawing.
The bore-length 25 has a tolerance
measurement.

- e



G 89 - Reaming Cycle with Dwell

The seguence is the same as with G85. The

reamer it yemains ©O,5 seconds in
the dead position if the programmed depth

. i85 reached.

Sequence

i
N N
] y
GOl GC4 GOl
\ )
¢85
Infeed with feed at 0,5 seconds dwell Withdrawal with feed
length 2 at length Z
Format G89

N3/G89/Z + 5/F3




Chapter 6

Tooils, tool lengths compensation,
radius compensation of milling cutter

Programming of tools

Tool lengths compensation (principle)
Working with various tools

1. Determining the tool sequence

2. Determination of tool data
2.1. Diameter, technological data
2.2. Detecting the tool length differences

3. Calculation of tool lengths

4. Tool lengths compensation in the
program sequence

5. Tool lengths corrections |
Other cases for programming M06

Connection: Zero-point offset G92
Tool lengths compensation M06

Milling of chamfers
Depth of bore with spiral drill

Tool data sheets
Tool sheets

6.1
6.3
6.5
6.7

6.7

6.9
6.13

6.15
6.17—6.21
6.23

6.25

6.27—6.33

6.35

5. Tools



The Programming
of the Tools

Tool magazines of industrial NC-machines
are eguipped with up to 50 or more tools.

The seguence is programmed.
Technological data and dimensions have to
be programmed for each individual tool bit.

Tools are programmed using the T-address.
T stands for tool.




Tool Lengths Compensation

~ Act. Position = Targ. Pos.

Targ. Info = + HZ Targ. Info = —HZ

The computer is given information on the
target position or desired position.

Imagine the coordinate system trans-

ferred into the reference plane of the

tool.

The target position is described start-

T01

MO6/D. .. .IS. ... /[Hz=0/T01

T02

MO6/D....IS. .. .Hz=+..../T0O2
TO3

MO6ID..../S... . Hz=—....T0O3

ing from the actual position.




Ea

Mos/

Working wiih- various Tools

Determining the tool sequence
Detecting the tool data
Compensation of tool lengths

T

"or the manufacture of a workpilece you 1. The milling cutters are of different
often need different tools: drills, va- diameters. These are known to you.
rious milling cutters etc.
2. The tools are of different lengths.
The programmer needs to Xnow various These are not known Lo you. You
data such as ' ' have to measure the lengths and

take them into consideration when
programming. Otherwise you move the
cutter in the air without chip re-
moval or you run it into a workpiece
{crash) .

- kinds of tools
- application of different tools,
- position of tools to each other




mMoerz

Procedure

1. Determining the tool sequence

Facing with T1 Milling a slot with T2 Milling & T-slot with T3

2. Determination of tool data
2.1, Diameter, technological data

- Entering the data

Stick the tools into the c¢orrespon-
ding column.

Enter the technological data:
Cutter diameter

Cutter radius

Speed of feed

Maximum depth of cut
Speed

il

il

(I

et WO

1

These.data will make the programming
gasier.

A\




2.2. Detecting the Tool Length Differences (Hz)

Hz (T2)

Procedure

The differences in tool lengths have to
be measured. The measurements can be
taken using an external presetting de-

vice., In many <ases the measuring system

"within the CNC-machine is taken use of.

You can scratch with all tools a refe-
rence surface or measure the data using
a dial gauge.

The difference is called H;.

Mount Tl {reference tool) and scratch
reference surface, set dial gauge reg-

pectively.

Detection of data by
scratching

Scratching only when cut-
ter is turning

"Detection of data with dial
gauge.

Set dial gauge when machine is
at stand-still.

Set dial gauge to O.
A

T3

Y

Press key the Z-value display is
set to O.

N G XYZ F
00 @OT

DJ K L,
/’0




MO6/4 U

Mount T2

Seratch surface Touch dial gauge with cutter
srater 4 h
) { until it shows O.

_/

Y—

e T3 T4 Read value from display.
" N G XYZ F
DJK LT M
o d )
D=¢ Enter value into tool data sheet. In this
F way you determine all tool lengths.
t
S Pay attentioch to the signs!
‘Hz o @ é50
L_ijZKB l



3. Calculation of Too! Lengths
(Tool lengths compensation)

____________

Since these data are known you could
take the various lengths into consi-
deration., This would, however, be
gquite confusing calculation work and
will often lead to mistakes.

Caleulation of tool length M06
(Tool lengths compensation) .

(Programming)

The data are entered into the

programming sheet. T = tool number
D = milling cutter radius
S = spindle speed {only for your in-
formation)
G X Y Fo- H, = differ in tool 1
Nl o we | owe L (YO R z = difference in tool length
NeIMotl 2000 A1p0 )

N...[Mog| 5oo 2000 650 2
" A A 3 A

|

\

\ | !
. F
Lot !
S 410 | 2000 | 2000
" HzZ o 450 -320
Hzk

Note:

If you write a number 1,2,3,4 under the
© F(T) address when programming MO6, this

automatically means program hold.

If there is a O under the F(T} address,

there will be no hold.



Tool Lengths Compensation in the
Program Sequence

The first tool (TO1) has a H, value
= 0. '

N.../M06/D2000/81300/2(B,) = 0/TO!

{4

(Tooi change TOQW

N.../MO6/D500/52000/2 (Hy) =_800/T02

il

Birst the tool TCO? moves from the ac—
tual position to the target position.

Then the manufacture itself starts.




Tool Lengths Corrections

You have finished the manufacture of a
workpiece and find out that the Z-
measurement is not correct.

\[

S
P

- The program is correct

~ The starting position of the cutter
is correct.

What is the reason?

The target value information {Hz value)
was not correct (wrong, inaccurate
meagurements, cutiter not resharpened).

Actual value _|

Target value 1

TARGET INFORMATION Hz wrong
MOG/D.../S.../%+ 12.43/T02

The target information Hz has tc be

i =
Reference line AZ 1"!‘3 corracted.
Hz H - =11 Hzk = Corrected target informaticon
= ZK
= 1243 ,
J Hzk = Hz + (I correction value A 2)

MCE/D.../S.../ 8+ 1100/TO2




6,35

Example of a Correction of the Hz.value

You may

1. Measure tool once again

7 1 2, Detect the correctien value by
?* mn measuring the workpiece.

Iaz FB8Z=-13 The Hz information has to be correc-
ted by the Az value.

- Imagine the coordinate system trans-
ferred to the Z-actual position of
the workpiece.

- Add the correction value 22 ko
& the target information Hz of the
tcol bit.

Hz=
15,4

_

AZ=135

Fay attention: FAN may have : sign.

= 15,4, - 135 =14,05
Haw = 15 Hzk = Hz + (A 7)

15.4 + (- AZ;

[}

it

15.4 - 1.35
14.05

1§

The value Hzk = 14,0% is corrected in
the programming sheet, tool data
sheet and in the memory.



124

[ ]

T™

Hz ‘D

105,

AN

| /// TTAS
’?////‘/%

Example

Programmed Hz-value (actual information}:
- 6,25 mm

Workpiece measurements: Actual and tar-
get, compare drawing.

Correct the Hz-value

Hzk = Hz + (¥ [\ 2)

Pay attention to the sign of ZX Z.

Example

Hz of TO1

li
o}

Hz of 102 ~4,32

Workpiece:

10,5 mm
5,2 mm

Actual value TO1
Actual value TOZ

#

Target value TOl = 10 mm
Target value TOZ =

8

Correct the Hz-values of TO1l and TQZ.

TO1 G2

Hzk




Other Cases for Programming MO06

0y (@

B
LM

(D 5o00)

4 44

<
\
/
/
-~

If a G45, G446, G47, G48 or a G7Z com~
mand {(cutter radius compensation) is
programmed, in cne of the previous
blocks a Moo has to be put in, other-
wise the alarm sign will appear.

Alé: Cutter radius information missing

The computer needs the cutter radius
information D in order to calculate

the compensated paths (GéS,Géé,Gé?,G%@‘:

The same applies with the pocket mills
ing cycle G72.

Alarm AlG

Cutter radius
information missing.



Connection:

G92 Zero-point oﬁsét
MO6 Tool lengths compensation

MO06 | G92

The Hz-information is an incremental The origin of the ccordinate system
target information within an indepen- is determined with G92.
dent coordinate system.



Milling of Chamfers |

Chamfers are usually milled at an angle
of 435°,

The size of the chamfer is determined
by the programmed path and/or by the
cutting contour. :

1. Chamfer size determined by different
cutter paths (different distances
betwaen cutter axis and workpiece

edge} ——d
R
-
I

=8 4
| )

2. Chamfer size determined by different
infeed and Z-direction. The cutter
‘path remains unchanged.

+&




Programming a Chamfer
with Cutter Path unchanged

£

N

e

The contour is milled with a cutter of
i0 mm dia.

To aveid the necessity to program a
new cutter path for chamferring, the
angle cutter shall be programmed in Z-
direction such that a chamfer 1xi mm
is reached.

Cutter path - end mill
Cutter path - angle cutter

How deep has the Angle Cutter
to be fed in?

o R+1
| 4 /
t“n / "‘"
11
R .

The radius of the angle cutter which
mills the inside contour of the cham-
fer:

|Radius end mill |

Width of chamferg

With a mill path using a 5 mm shank,
dla. & mm, the radius of the angle gut-
ter produces theé chamfer 1x459,

R = + i
f |
Angle Mill Width of
cutter : path chamfer

R—



Angle cutter, dia. 16 x 4 mm

with a 45° angle cutter, the cutting ra—

RD L diug changes by one mm if the cutter is
R7 Vf A fed in by 1 mm.
RS 1 / <
T [ n
RS [ /.
5 ~
R& | pASIRE
Aﬁr i

Exampie

Radius of mill path 5 mm

L. Cutter at height O

Distance to workpiece = | mm

X

1 2, . Cutter fed in by | mm

3 .o Radius & mm touches edge.

3. Cutter fed in by 2 mm

. _ .
: T Chamfer 1x457 is produced.
RS ///,
= Measure of total depth:
Measure until radius miil path (1 mm)
+
Width of chamfer {1 mm}
RS
! = 2 mm
7
S~
[
5—




Exa'mpte

Unchanged mill path

: - Radius end miil: 5,63 mm

5,63 _ - Chamfer ©,67 % 0,67 mm

With an infeed of 1,63 mm the angle

&Sik cutter touches the contour.
j // ' ) - Infeed 1 mm RS
—~ 1+0,63= Infeed 1,63 mm  RS,63
f ?,53 )

Radius 6,3 mm produces the chamfer con-
tour. .

5,63 mm radius cutter path
+ 0,67 mm width of chamfer

6.3 6,30 mm
— Cutter infeed
// [ 163+0,67=
A\ 23 1,63 mm {radius touches contour)
s3 | | 0,67 mm (width of chamfer)
“'—"# 2,30 mm total infeed

4 —

.Oﬁ?mm




The Depth of Bore with Spiral Drill

NN
Z.

T

12004

S

30*

Blind heoles are dimensioned down to the
flat ground of the bore.

If you want to calculate the tool length
you either scratch the surface with the
point of the drill bit or you take
measurement of the length of the tool.

In order to program the indicated depth
of bore you have to add the length of

the tool point.

thOO =

wio|m

H = thOO X %

Chart

Drill

dia. in mm H (mm)
2 0.57
4 1.15
& 1.73
8 2.30
10 2.89
12 3,46
14 4.04
16 4.61

Drill Data for the Tool Sheet

Always deduct wvalue H from the
measured data when vou enter 1t.

You need not to calculate anymore and
can program the dimensions of the
drawing directly.

G&1/0




Tool Data Sheet

11 T2 T3 | T4 | T5 6 | T7 | T8

Q.

o

W~ mi

o
N

[+ DU {rmm} .o Cutter dia. Vertical axis systein Horizontal axis system
Do, (mmy ... Cutter radius

| POURRIUR ¢ 11 11711114} U Fead speed '*'ZQ _

t o (Y v, Max, milting depth , +Y

5. .. {Umin} .......... Spindle speed 1

Hz ... .. {mm) .............. Difference measure

HZK . Amm) Corrected difference measure X

Zero-point offset (G992}
Zero-point of workpiece
Start position

Tool change position _ ) SO 1|+
Y mm
z mm
rawing no.:
Denomination: -

Workpiece material.
Program no. '
Name:

Date:







Chapter 7

The M-Functions

7. M’iunction$



M

The M-Functions

Miscellianeous or switching functions.

MO0 - Program Hold

Format MO0
N3/M00

If you program MOO in a block, then

G y
i F :’T
N o S ‘ o the program will be interrupted.

Continuation of the program: press

e MO0y Halt L L} When Do We Program MOO?

- Tocl change

~ Take measurements

- Switch to hand operation

- Carry out corrections
etc.

;‘ M30 - Program End

Format M30
N3/M30

G X {10 ¥ (KS) 7 F (T

1 ~ S A R [ In the last block of a program you
have to program M30. Otherwise the :
alarm sign AOS will appear. :

T —

AN After M30 the program jumps automati-
cally to NOO. You can start anew.

If the DNC interface is mounted, M30
switches ¢ff the main spindlie (MC3
is cancelled).

120 |»

3
1=
i
¥
:

+
!

]
|
i
|
1
|
]
i

:
H
H
kS
I3
:
¢
[
i
j
{
H
:
¥
i




M2

MO03 — Milling Spindle on

{only with accesscry DNC-Interface)

Mo3

:

Format M03
N3/M03

The MQ3 instruction switches on the
milling spindle. Switch the milling
spindle on such that the motor has
enough time to run up and that you
are in position to set the right rpm.

Important note MO3

Before pushing the start key the
main spindle switch has to be set
to CNC-position. '

MO0S — Milling Spindie Off

{only with accessory DNC-Interface)

Format M05
N3/MO5

M5

When do we program MO5?

~ Before a tool change
- Before taking measurements

Note:

M30 switches off the milling spindle
too.

MO6 gwitches off the milling spindle
if T{F) # O.




M06 - Tool Lengths Compensation

5@ Format M08

N3/MOB/DS/S4/Z(Hz) + 5/T(F)3

[

Compare chapter "Tocl LengthgCompensation”

M17 - Jump Back into Main Program

Format M17
N3/M17

Compare "Subroutines”

M99 - Circle Parameter

Format M99
N3/M88/J2/K2

‘Cempare "Circle Programming”

M08, M09, M20, M21, M23, M26 are
as switching functions not yet defined.

With them you could activate peripheri-
cal devices (under preparationl)

M3



Chapter 8

Input of Program, Corrections, Operation

Survey

What happens when data is put in?
Input format

Indication on the screen

- Input of program

Operating elements CNC: Program input
Option key hand operation — CNC operation

The word indication

The figure keys, the minus key
The memory key[INP]

The —= Jkey -
The[FWDJkey

The[REV]key

The[DELkey

input of M-values

Take-over of registered values
Inserting and deleting of blocks
Deleting of a registered program

Program Sequence

Testrun
Single block operation
Automatic operation

. Interventions during program flow
-~ Program stop
- Program hold

8.1
8.2—8.3
8.4

8.5
8.6—8.7
8.9

8.9

8.10
8.12
8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21

8.23

8.25
8.26--8.27
8.29
8.31—8.33

8. Program input



Input of Program
Corrections
Operation

The knobs, displays, symbols, etc. will
cenfuse you in the beginning.

Sc first put in the very simple programsg
and check the variocus function keys. In
half an hour you will be accustomed to

them.




Data Input, Correction, Delete |

Storing a word

INP
Take over of values

Correcting a word

Pt fPut in | e
BEl —> horet > OE

M-programming

Press M

Searching a word

b

Searching a block

FWDi . [REV

Inserting a block

+ [I%P

Deleting a block

) + DEL

Deléting & program

DEL] + (INR
{first DEL)

det program to NOO-

INB + EEY

Survey

Sequence of Program

Testrun:
Inching through the program with M

Single block operation

+ [START
+
3o+ -

(£irst number ksy)

Automatic operation

Influencing the Program

- Termination

+[REV]

Enterrugtion
IND #+ [FWD

Storing of Program

Compare  tape operation
RE~232 C operation

i
i
i
i
¢
i
§
H




RY

What happens when Data is put in?

We put in GCL.

1. Secretary (interface slement) reports

to director:

"Somebody wants GOLi"

e

o
zfﬂﬁ T
A

-

£}

J ’

\

2. Rirectoxr {CPU = Central Processing
Unit = Microprocessor) asks his spe-

cialists:

"Can we execute GOI?"

4. The director instructs the memory
operating program (RAM = Random
ACCESs memory) :

"Remember GOITH

. KNy
TTREN

o T
3 T 3

5. The memory repcrts to the director:

"0.%., I have noted it down!”

3. The specialists (EPROM = Programmable

read-only memory)
the director:

"Yegs we canl”

think and inform

6. Director instructs his press«spéaker
- {output elementi}:

"Show them out there, that we are
clear with GOL. We have everything
understoced and are ready for further
inputs!®

Trretlieal P




Data input

What happens when Data is put in?

Data input . ' . Digital read-out

. TR e Central processing
Interface element unit = Microproeessor
(secretary) {Director}

Output element
{press speaker)

le Operating program =
EPROMS (Specialists} Memory = RAM




The Block Format or Input Format

According to the kev number (G-, M-func-~
tionsg) youw have to put in the reguired
information.

The computer will ask these informations.

| Example:
N L8 X5 A F .
;(}”1 O | ®® AR If you press INP after the G20 input,
the indication jumpe to the next bHlock
. number. -
:
06 1 301~
07 ~t—~’j._
Nl 0o | w'e LM Example: '
i {
You have entered the X,Y-values with
ol ooy 23% 432 o GOC. After the registration of the v-
04 |- e value the indication jumps to the
next block number.
Why?
The computer knows that it can inter-
polate only in two planes. After input
of X- and ¥-values it sets the Z-value
! automatically to O (with incremental
programming) .
N | @ X Y F Example:
M| O K} (8} L) M+
If you, however, have programmed the
00 1.00 0 409 X-value with zero, the computer will
ask for a Z-value.
v | e x ¥ F Example:
Ml oom & Ly (T3 {H), th absol
Wi solute programming mode the com-
00 | 00 CZ:ZD <D puter asks all three values X,Y,Z.

You have to tell the computer the plane
from-which it has to start the move-
ments. '




Indication on the Screen

Mode of operation absolute ~ incremental:

CNC OPERATION INCR. 1. when switching on the CNC-cperation

the control is in incremental operat-
INJG| X | Y L2 ’ F l ing mode.

2. If you program G90 or G%2 the screen

shows the absolute operating mede.

CNC OPERATION ABS.
3. If you pfrogram G25 or G27 the display
| NG| X | Y I Z |F | disappears. The computer recognizes
this only in the program run.

Mode of operation metric — inch:

According to the position of the option
switch the metric or inch mode of opera-
tion will be indicated.

Metric 0,01 mm

Inch O,001"

ey

OP ' .0, . : .
CNC OPERATION  ABS.0 01MM¢ Vertical or horizontal axis system

CNIG X LY | 2 LF 1 vertical

- Horizontal

Thesge gymbols indicate which axis system
ig in operation.




input of program

300
Example
i
: N a X ' 2 - F
é M (RS K} B (LT (M
tart
o o0 L 00 | 300¢ 0 )
2 041 00 74 o - 2000
Program end 01 |M30
i
B, Fo) é & o - 53{5 1. Switch on main switch
O e =
— “%@ 7| Control lamp for current
L e g
5 .. = = 0 oxE 131-* sugply‘and lamp for mc@e of
@ ok hvad o :}j i~ operation "hand-operation”
O arg on.
N G XYZ F 2. Press ke ﬁ/’Ci
L COXDOO i
H/C L I DJK LT M =)
o 0 The c¢ontrol unit is switched
- over to CNC-mode of operation.
On the digital read-cut the
lamp of address N is on. OO
(NOQ) is shown.
The screen shows N
3. Press key |INP
- NG XYZ F CNC OPERATION with [INPlyou instruct the com-
COoOX QO e .
fNP DJK LT M IN G X J Y puter to register NOO. The
| ] %gogif; | address letter jumps to G.
L0 .
: 4, Put in G-information
NG Xvz F CNC OPERATION '
00 OCOoXDOO
_ DJK LI M vissoxoov o [olled
§ 00’ - 00l 00, ' 100 shows on the digital rsad-
; G| out.
| OO0aDO O 3. E_’.resslkey.INP Address in
NP DJK LT M NiG | X% ! dication jumps te X.

Y
|




Oz

Oon

t’x

-

~N

SO
20

W
%

r CNC OPERATION

(NG X Y
. G0 0013000
[ o

6. Put in X-value

INP

N G XYZ F
OCOXD OO
DJK LT M

INIG X Y
! o6l oo 3000
o

CNC OPERATION

7. Press [INP} Dz.spiay Jjumps
to Y.

CNC OPERATION

N G XYZ F
COoOXDOO '
0 DJK LY M IN G| X Y ' 18, ?utinY—valae@
0o | a7
oy :
N G XYZ F
CNC OPERATION
COXPD OO (zzel D1 '
INP 29 s f vz 9. Press [INP. Display jumps
8= ]
Pod ' i {
NG XYZ F CNC OPERATION
00D O
0 DJK LT M (N G X i Y Z |10, put in zZ-value [O}
e
0 L

INP

CNC OPERATION

‘N 16

\”“51‘1

X{Yﬁ

00| GO 3000, o

il. Press . Block NCO is
entered. Block indication

Jumps te NOL.

12. Enter block NOi in the
same way. Put in the Mi-
nus sign after the num-~
ber value,

[0 ¥4

oo

g;x

-

N

Lo
=0

CNC OPERATION

NGl X

G‘Y‘

aef 00| w000 o

N oo
02iM30
03]

o o

13. M30 (program end)

- put in NO2Z

- Digplay is at G.

- Press key [M} then the M-
address is indicated.

- Put in the figure value.

- Press [IND).

START

14. Press key [START], Display
jumps to NOO (only if M30
is programmed) .

START

15. Press key the pro-
gram runs.

e g8 85 g g g R 8 . o 1



Operating Elements - CNC

Program Input

Option Key Hand-Operation/CNC-Operation
H/C

By pressing key the mode of operation

changes from "hand-operation” to "CNC-

operation”.

The relative mode of operation is indica-
ted by the lamps é? (CNC-operation} or
:; " (hand-coperation).

To put in a program it has to be switched

e A

to CNC-operation.

In the CNC~-mode of operation you cannot :

move ﬁhe slides by hand anymore.




The Word Indicatibn

The lamps and light bars of the word
indication show you which data you can

put in.
Digital read-out ' Monitor
The actual words are indicated by The actual words are indicated by a
lamps light har.
N G XYZ F
OO0OaDOO CNC - OPERATION
DJK LT M NG X | Yz |F
o
10 I R B
Address indication — G, M function
If depends on G or M-functions which addres~
ses and/or data are required?
E.g. MO6
MO6 requires a D, S8,%,7T information.
Digital read-out : Monitor
The X~indication is also valid for the “he address letter 5,3,T are indi-~
D-value, the ¥Y-indication for the S« cated. :
value and the F-indicaticn for the T- ‘ fh_ ﬁ_w
value if MO6 was programmed. CNC - OPERATION
N G/XN¥NZ \F NG| X | Y ZF]
o e : ] 00 ! o
DK LT)M | | Co
C oy L
I U I
| o3posp s T

R A T X i o S350



The Indication of Addresses
D,J,K, L, T, Mon the Screen

~—
CNC OPERATION

25

NIG | X Yz |F

k]

(ﬁéNC OPERATION
NG X 1Y |

"‘gﬂﬂ “‘"—‘W
T Mso s | T ] |

CNC OPERATION

i | !

G25/G27

The address letter L is indicated.

(L = jump address, subroutine
address)

Format M06

Addresses

- D (milling cutter radius)
- 8 {spindle speed)

- T {tecl number)

are indicated.

Format M99

Addresses

- J {start of arc of circle}
- ¥ (end of arc of circle)
are indicated.

Attention:

%£,Y,.F lamps are valid for various
addresses. '

N R o T ot e



The Figure Keys

N G XYZ F
CoOX®DOO
ﬁ D DJK LT M =}
e
U |
mmlmm
T B 789N HC You use the figure keys in order to en-
L-.j 4 5 6 iﬁﬁl;' M ter the various values for address letters
. 714_ B L__{ -~ X,Y,%,F,G,M,D,T,L,J,K.
‘ 1123 vl 'E The entered values appear on the digital
i read-cut and/or on the screen of the mo-
. B i L L SfAiiIi nitor.

The Minus-Sign Key

N G XY2Z F
e COXPOO
® e e DJK LT M =
o E ] o
78 HIC X,¥,7% values can have a minus or & plus
B {45 M shan-
. 'i” - « e
7 1,2 2 Plus sign input for X, Y, Z:
[y
B Ej ° SYA%?IJ Put in figures only.
g g XYZ F o
A o % - '
mo w“( AR Minus sign input
QIOM o] After input of figures, press (=] key.
o g The minus sign appears as a bar on the
Hc digital read-out.

z
o
%
5
4]
e
[

tH)
>
i
i
NN
3

STAR%” Input: @ @ @ E

ER AR A

A

W A e



Digital read-out

N G F
COXDOO

-9
n
»n

TheINP]Key = Memory Key

{INP} = Abbreviation for Input

g

Instructioen to the computer to
register the entered value.

ow

x
)

[Z)

1

=
=
=l

i

Example

Monitor

-~ Lamp X lights up.
CNC OPERATION

- Entexr value [2350} The number NOGLX Yoz
appears for your information . pop 2350 ‘
onnly, it is not in the com- . 01,
puter yet.

- You press . By pressing
this key, figures are re-
gistered; at the same time
the number 2350 disappears
and the light jumps to the
next address letter.

CNC OPERATION

NG X LY 2
ool : !

01

Note

with INP| you can also jump forward in the
block.




The Key

Instruction: to jump forward within one block

XYZ

fo

N G
00
DJ K

o@ml f:::::]
7 & ne| (e
T DL | M
III 7751 IHI iﬂi 1T
o O

-
4
1

Ciplgim)
‘{iolo

By pressing the key the program will
jump to the next word. The entered value
of the next word will appear on the digi-
tal read-out.

{Permanent function when you keep on press-

ing the key)
N G X Y z F
i & (O K 8 T H}




The Key

instruction: to jump forward block-by-block

N G XYZ F
o COoOXPO OO
LI DJK LT M =
o R [ 1o
3 A0
; 7:8 H/C
] [+
Q 45 M
- 1]2 15
=] -0 sur]
N G X Y P F
M) Wy (D) ®y (8 L (H)

1. A given word is displayed. By press-
ing the [FWD| key the program jumps to
the next block number.

j :
N G X ¥ z F
(M) ) O ® (8 BT

2. If a block number is indicated: when
pressing the |[FWD) key the program
jumps to the next block number.

N G X ¥ 2 £
(M} (D {K) (5 Ly My

SR I SN S

- 3. If you keep the key pressed down, - i
the program will jump block-by-block - :
to the program end. o




The [REV

Key

Instruction: to jump back in program blocky-by-block

@ 7,819 | KL
, 4 56 M
E] ‘7'('; E"‘] 1123 1z
=] [-] = 10|~ ] Jue]
N G X Y z F
M| D o (9) i
N B X Y 7 F
{M] &y Dy Ky () {L)(THH)
-
G X Y F
N {M} (J) {0} Ky (3 z LT (H)
— — — L

Function:

{. A given word is on the display.
1f you press key the program jumps
to block number N.

2. If block number N i3 indicated and you
press key [REV, then the program will
Jump to the previous block number.

3. 1f you keep the key pressed the
block number jumps back to NOO (perma-
nent function}.

e



The

DEL

Key

= Delete key, correction key

"DELY is the abbreviation of "delete®,

N G XYZ which means to cancel, to extinguish.
. iy
Vow - You can delete only the value of the
Q= 36? [:j address letter which is indicated. If
S i you correct a X-value e.g., the address
7/8: 9 letter X has to be on the digital read-
[+ [+ out. a
= — a4|5|6
‘?i:: 1123 Attention:
B -0 With only the digital read-out is
cancelled, not the value in the register.
You must put in a new value and store
it with
N G XYZ F
- OC0XDQO
ﬁwmzm B K L,TM{B_
o-( ] [_520 o
5 o ’
mm .
' 7:8|9)iNel HC .
4 56 iDEi. Example: You want to change value X from
T P 520 to 250.
‘N G XYZ F
e 00X OO
ﬁ 50 hisy 200 ) Dt K Lt M -3
@ = m—r
3 ‘400
mim o,
718 9 g [HC
- . 1. Press |[DEL]| key, the value 520 will dis-
£ te T 4|5 M - appear. .
N G XYZ F
e C0OaADOO
DJK LT M

sy
n 5 0 -
o )=l
5 Er

M fnin.

EAgEd
te ™™

[

o
©

141]
2}

ouw

=
i)

g
=
z[3

.. Put in the correct value {250).

Press key, value X is registered;
light jumps to the next address let-
ter. '



Input of M-Values

N G XYZ F
" o 00X OO
o T e DJK LT M =)

— o [778]9]
T w] ]
i M -
r— ,1;5,4 B _4 56 H - If you want to put in M-values: at
I ! 1,213 Rev) & first you have to select the M-key.
B E] -0 | [ é‘lziob;;;:lue is programmed in the
Digital read-out Example Monitor
N G XYZ F
o OD? Q0 i
[:ﬂ g’ Input: M3C CNC OPERATIGN
: NG X Y |
: Address G has to be shown P oo 5 |
789N} HLC AL -
4|56 e ress 4] T T
put in [30]
@ CNC OPERATION

NG X Y
‘euts |

H

Press (registexr)

Attention:

+ M-values are not taken over by
pressing|INP

+ If you press after M30, the
program jumps back to NOO.

A



Take-Over of registered Values into the
following Blocks ‘

By pressing the register takes over
the previcusly entered valuwéd of the re~
lative word column.

N G X Y 2 F
™M WD K (8 LM (M)

gg ioo : loop 3ooe

04 0O 0 0 =Yoo

o2 | 1¥

03

N G X ¥ z F
o)W (D) K S (L} (T {H)

00 i 0o 200 3Soov -

» (= 1000}
a1l 00! o 0 “Pedy —
pl | 04§ Zboe ) o) 100 )

| 03 01 oy Yoog | SR, "S—"
o4 F |
INP
!
Attention:

M~values and i
with [INP].

nputs

Example 1

- Gg~addresg 1s shown

- INE)

- G-yalue flashes shortly and is re-

gistered
Word indication jumps forward

H

Example 2

- You want to put in the value Z=0 in
block NO3.

=~ You happen to see that the Z-value
in block NO! should be ~1000 and
correct the value.

= After correction yeou carry on with
the Z-value input of block NO3.

- If you press the register takes
over the previously entered Z-value,
i.e. ~1000C.

are not taken over




N G XYZ F
e COoOXI®O O
2 S _ DJK LT M =
0?3 }MH LM 1 °
mm,m:rn. g___..._H_,i g—_.._—
EaNEa R RALIS I
: 4[5 6| (M,
r:—E '7;: 1T
L 112131’y T
=& =0~ ] fp
N G XYZ F
COoOXPD OO
DJK LT M
g
Nl | oo ' © z LM+
, gg | oo 1500 boo o
g - o4 | 01 o 0 L0 100
<‘-‘ o2 | 04 250 0 0 100
C—‘ 031 00 0 0 - b0
> 04 M3o
(‘b
o0 oo 1500 0o 4]
o041 ¢4 . o &0 109
02 124
03 {01 iie 0 ¢ 100
0% | po 0 oy - 6o
05 M3
go 1 o 1500 boo 0
04 104 0 0 &o 100
0L | @1 0 120 g 160
031 o1 150 o 7} 100
o4 | oo o] 0 ~ 40 )
D5 N30

iﬁﬂﬂ = Inserting a block
DEL] = Deleting a block

Remark 1: :
First press key |~~~ jand then keyfINRJ

{(keep pressed) .

Remark 2:
Permanent function when you carry on
pressing {more than 0,6 sec.), l.e.

you insert permanently empty lines with
G21.

Example: inserting +

+ Digital read-out shows block NOZ.

+ Press [~/]+[Inp]

+ In block NOZ, G21 is automatically
written. '

+ The original block NOZ is automati-
cally changed over to NO3 - also all
subseguent blocks to the next block
number.

+ In block NOZ you can program regquired
instructions as you want.

Procedure
+ Delete G21

© + Put in wanted block

Example: Deleting[~]+
+ Digital read-out shows NOZ

+ Press +[ DEL |

+ NOZ is deleted

+ All subsequent blocks. are backnum-
bered: NO3 - NOZ, NO4 - NO3, etc.



Deleting of a registered Program

Possibility 1

N G XYZ F
o COXDOO Switch off main switch.
0o DJK LT

i 0 200 - 1M 9
oszOm 1o Possibility 2

Press emergency stop button.
HE e
) 4.5 6| (M »
E;] e 123 el @ Possibility 3
_ ' - A certain block number is indicated
= O~ | [FWD} ikmmr (NOO, NO1, NC2 ...).
dur
N G XYZ F Procedure . |
o (o) @ 00 First press key then (DEL re-
DJK LI M mains pressed).
00{ The registered program is deleted.

The digital read-out shows NOO.

i
¢

;

i
i
]
£
¢
i
i
H
’ik
£
4
:

;




The Program Sequence

1. Testrun

The program runs in the computer., There
are no instructions given for slide
movenernts.

2. Single-block operation

The program is worked off bleck by
block. The slides move as programmed.

3. Automatic operation

The total program is worked off.
Switching instructicons are carried
cut.

¢
N
&
B
b
&
4
7

e e




a

1) Testrun

The program runs "in the mind". The in-
structions for slide movements are not
given.

Purpose of the testrun:
- Block mistakes are shown.

- With absoclute programming mistakes of
the linear or circular interpolation
are indicated (e.g. if you programmed
movement in 3 planes simaltaneocusly
ar you determined the target point of
the guadrant uncorrectly, ete.).

If you have programmed subroutines ox

jump instructions you can check the or-
der of the instructions.

Activation of testrun:

1. CNC-operation

i

G X ¥ . . _
N (M3 Wy (M G 2. Indication has tc be on N-~address
00 1 00 0 3000
041 00 2%00 0 3. Press [Mrkey:
01 |M06 D 500 S 2ooe the indicated block is worked off.
03 |01 280 | 4300 |
: 4. press [fkey:

The following block is worked off.

etc.




2) Single block operation

In the testrun you do not see whether
you run with e.g. GOO into the workpiece
or whether ¥ directions are correct.
This you-see in the single block~- or in
the auvtomatic operation.

Example:
1. Block NOOC

- Block indication is at NQOQ,

l

[ + (5w
Press key 1, then key START (key 1
has to remain pressed).

4

Y Block NOOO is worked off.

X
My (3} O} )

The screen shows "dwell in block
NOQ1".

1 |+ pua

2. Block NOOL

Press again +.

{

Block NOO! is worked off.

4

The screen shows "dwell in block NOQZ¥™.

In this way the program can run in
single block operation.



Single block operation

{continued}

Various blocks in single block
operation:
If you e.g. press keys [3] + [START, there

will be 3 blocks worked off. You can
work off up tc 9 blocks in one go

+ [ETART) .

Dwell in single blockoperation
Press [IND] +

The siides stop.

If you press the program con-
tinuss.

Interruption of program
Press + [REV].

The program jumps back to NOCO.




3) Automatic operation

- Set block indication to NOQQ.
N G X Y 2
{M) oy (D K} (8)
Pogsibility 1
pl— 00| I _
/ 01 \\ Press [REV] key, until NOOO is indicated.
j :
Possibility 2
eTa | Display shows any given block number.
BINT-—= 24 [MOD 2 e
" Press [INP| + RE@, indication jumps to
”“ / NOO . i
31M307 - Press key [START]. The program runs un-
n til a hold or until M30.
To continue program after hold
Press key .
Program Hold

- Programmed hold MQO.

- In connection with MO6, if under the
address T (F) a numker 1 to 499 is pro-
grammed (with inch operating mode 1| to
199). If under T=0 is programued, there
is no hold. '




Interventions during Pro'gram Flow

1. Program stop
2. Programm interruption

1. Program stdp

—:-:REV

Press keys + [REV]. The program jumps

back te NOO (start).

Pay attention:

. If you press [START key after INH + (REV]
the program starts with NOO. Your tool

is not in starting positiont Collision!

(e + [REV]

New start: Measures

Position the tool in program start posi-
tion.

Sonst Kollisions-
gefahr und falscher i
Programmablauf

I
e
|4
§
‘



2. Program Interruption
+

The program is stopped.
N G XYZ F .

. COD OO To continue program:
* 50 b 0 D.J K LT M 3 Press k.ey
@~ N —

5
% Why program interruption?
M You may €.g.
7! 15} -~ change the feed
. ‘ - take measurements

E AR - switch over te hand operation and car-

ry ocut a correction by hand
- correct program, etc.

Effectiveness of Corrections with Program

Interruption
IND| + [FWD| 1. Corrections of feed:
Feed corrections become effective in
" the interrupted klock.’

2. Corrections of G,M,X,Y,Z-values in
the interrupted block are only effec-
tive in the following program run. .

3. Corrections of G,M,X,Y,E~values in
subsequent blocks will be effective
when the program is continued.




9.

ALARM SIGNS

Purpose of alarm signs

Procedure in the computer when
input is wrong

Alarm survey, possibie inputs
Measure when alarm sign appeafs
Alarm signs, details

9.1
9.2

9.4
9.5
9.7-9.15

9. Alarm signs



A05~-A15

'A05: M30 instruction missing

With the computer checks if M30
{program end) was programmed.

A06: M03 instruction missing

{MO3 main spindle ON)

This alarm only appears if threading
cycles are programmed.

Attention:

The main spindle switch has to be in
CNC-positiont :

A08
A09
A10
A1l
A12
Al4

Compare tape operation

A13: Inch/mm or vertical/horizontal
switch with full program memory

This alarm cannot be cancelled by
+ [REVl. You have to switch back into the
original position. If you have put in
a vertical mill program with switch po-
sition at horizontal mill, you have to
enter the program new (with correct
switch position;).

A15: Wrong Y-value

For admissible data see chart.



A-16—A17

A16: Cutter radius data missing

If a G72,G45,G46,G47,G48 instruction is
called, there has to be programmed a

MO6 information with cutter radius data
D} in one of the previous blocks., With-
out this information the computer can-
not calculate the center point path.

A17: Wrong subroutine

If a subroutine is nested mecre than 5
times, an alarm is shown.

A18: Movement of cutter radius compensa-
tion smailler 0

Example: substract cutter radius once
G46

MOG/D5CO/S ... . /2. ... /F. ..
G46 :
GO0/ XI000/ ¥=0/2=0

Cutter moves 30 minus 5 = 25 mm

@

MOG/BS00/S ... ./Z... . /F. ..
=) - G46
GOO/XB00/Y=0/2=0

5 No movement
Cutter radius = traverse movemeht

(3)
o

3t

MOG/D500/S. .o /2. )
G4 :
GOO/X300/¥=0/2=0

Alarm

e e

3 Movement X=300 is smaller than cutter §
radius. 300 minus 500 = =-200. {




2

] 01xD
_ﬁMinimum
01xR 01xR

Special case — Alarm A18 with pocketing

The first measure for the pocket has to
be larger or egual.

Cutter dia + O,} cutter dia.

Example:

Cutter dia. iO0 mm
Minimum measure for pocket

d+ 0,1l =10+ 0,1 x 10~ 10,1 mm

Reason:

Finishing cut 2 x 0,1 R (radius) is
fixed in cycle G7Z.

A g R A o



N,

0=z
Lo X
Gx

.
x

L4

Alarm Signs

Purpose of alarm signs:

If you put inand store data which the com-
puter does not know, if you forget some-
thing or program a wrong block, then the
computer gives an alarm sign..

The alarm sign appears on the digital
read-out in form of a certain alarm number,
on the monitor you get a commentary too.

/

o0

O
M
1

™~

Alarm/Measures

r" CNC-OPERATION
INTG | X | Y i ZF|

AQ01 WRONG G/M INSTRUCTION




Data Input,

What happens when wrong data is put in ~ Alarm sign

We put in a X-value 50000, i.e. for the
cross slide a traverse path of 500 mm.

1. The secretary (interface element) re—~
ports:

"They want X = 500001"

2. The director (¢entral processing unit,
microprocessor) asks his specialists:

“Can we execute X = 5000072"

3. The specialists (operating program)
answer:

"No, Mister Director! X 50000 is too
highl"

4. The director instructs his speaker
(output element):

"Tell them out there, we cannot do itl
¥ 50000 is too high, put in alarm sign
AQ2LY




Data input

What happens when wrong Data is putin?

Data Input: ' _ Daté’on digital read-out

Interface element ' _ Ce}ntrai{\in'rocessmg C;Lstput element
{Secretary) unit = Microprocessor {Press,

{Director} Speaker)

Operating program
4 = EPROM
4 {specialists)




Alarm-survey, mnpuis

Alarm Signs \
{Survey) }
AOO: Wrong G/M instruction -B0O8: Tape end with tape operation SAVE -
A01: Wrong radius/M99 209: Program not found '
aoZ: Wrong i-value AlC: Writing protection active
AO3: onng.F—vaiue All: Loading mistake
A04: Wrong Z-value . BlZ: Checking mistake
AOS5: M30 instruction missing A13: Inch/mm switching with full pro-

ACG: MO3 instruction missing gram memory

s Al4d: Wrong mill head position/path unit
AD7: No significance with LOAD L /M or —i/M

AlS5: Wrong Y-value
A16: Cutter radius data missing
A17: Wrong subroutine N

A18: Movement cutter radius compensa-
tiocn smaller ©

Possible Inputs .

{otherwise alarms possible)

Metric ﬂ Inch

Values Fineness (mm) Values Fineness (inch) h
Ay . 0-19999 1/100 mm 0-7999 - 1/ 1000"
Ay 0=-9999 1/100 mm 0-3999 1/1000"
Yy ' 0-9999 1/100 mm 0-3999 1/1000"
Yy 0-19999 1/100 mm 0-7999 1/1000"
Zvn 0-19999 1/10C mm 0-7999 1/1000"
Radii 0-9999 $/1C0 mm 0-3999 1/ 1000"
pD{X) miliing cutter )
radius with MO& 0-9999 17100 mm 0-3999 1/1000"
F 2-499 mn/min 2-199 _ 1/10" /min
T{F) tool address _ |
MO6 , : 0-499 _ r T 0-199 .
L(F} jump instruc-
tion: G27 0-221
H(F) exit signs M26 0-299
J/K circular para- 7
meter 0-80




Alarm/Measures

Measures when Alarm appears

Alarm is on

INP| + [REV

Alarm indication disappears

4

OEL

Cancel wrdéng value

4

Put in correct value
INP

Store

Note:

- Alarm Al3 can be cancelled only by operat-
ing the option switch metric/inch, hori-
zontal/vertical.

- Alarm sign of tape operation please com-
pare chapter tape operation.



A00: Wrong G/M instruction

Example: G112, M55

A01: Wrong radius/M99

Possibility 1: Radius larger than ad-
missible values

Possibility 2: Wrong value for end
coordinates PE of

guarter arc
Example: incremental value programming

N.../G02/X1000/¥1500/

Coordinates X=1000/Y¥=150C cannot be
end coordinate of quartery arcg.

Example: absclute value programming

P N G X Y z F
N 01 / e
) Q0 90 P -
Q 1 o1 3000 | 2000 | 0 } ] 100
1N
? P2 2 02 2000 | 1000 | \30 /| 1oo -
pa——
- 3 M30 X
4 Alarm
!
.- :
+X ~ In block NO! point P! is programmed.
30 -
= -~ In block NQ2Z2 the quarter arc is

programmed (coordinate P2). The X,Y
values are correct.

The Z-value would mean a circular in-
terpolation in space (helix). This the
computer does not kaow,

The alarm sign in this example does
not appear when the program is put in
but is on during the test run, automa-
tic or single block operation.

Einanation:

At programinput the computer just checks
the contents of one block, it does not
check the Z~-value of the previous block. -

i
H
i
i
i
:
i
i
H
¥
4
&




AQ2--A04

A02: Wrong X-value

Compare chart for admissible walues.

A03: Wrong F-value

Compare chart for admissible values.

A04: Wrong Z-value

Pogsibility l: Admissible Z-value sur-
passed {compare chart)

Possibility 2: Threedimensicnal move-
ment with absolute value
programming

This alarm appears only in the test
run, single block or automatic ope~
ration because the mistake cannot be
recognized at program input (computer
does not check contents of previous
blocks at program input).

Examgie:

N G X ¥ Z F

o | %0

00 0 1500 | 3000

0
11 | 0o | 2000 o ’(_o)
/‘

Alarm

Monitor shows: Wrong Z-value; the com~
puter accepts the’X,Y values since it
can carry out this interpoclation and in-
dicates the value shown last as being
wrong value.

Attention:

Maybe you wanted to program Z=0 and
Y1500 instead of . The computer cannct
know this. The computer indicates Z as
wrong value since it does not know youy
thoughts.




Chapter 10

Casette Operation
RS-232 C Operation

10. Tape operation



e

2. Erase new cassettes completely {see

Magnetic tape operation

Magnetic Tape Operation
The tape enables yoﬁ to store programs

and to feed them intoc the computer me-
mory.

1. Storing on tape

To transmit from computer memory to
tape: We call this mode of operation
SAVE or CHECK.

2. From tape into computer

To transmit the program from tape in-
to the computer memory: we call this
mode of operation LOAD.

Some data
= Hemory capacity per tape side: approx.
400 blocks.
- Cperation time per tape side: approx.
o sec. : ’

Operation advice

1. Use only digital cassettes 3. Main drive motor must not run during

LOAD, CHECK, SAVE and ERASE operation.

page 7.23}. The test impulse from 4. Do not put down tape neary main motor.
the final control of the producer can

cause Alarm All or AlZ.



Modes of operation SAVE/CHECK

‘Magnetic Tape Operation

Transmission of a program from machine memory to magnetic tape

Mode of operatién-

SAVE = transmit from machine memory to magnetic tape
CHECK = control of transmitted (loaded) program

1. Press keyl—bkuntil word indication G lights up. Press key DELi
The indicated value disappears from the digital read-out.

2. Put in G65.

Press keys |6)[5][INPl. On the read-out you see C indicated.[c] | [ ]|

magnetic cassette tape coperation.

3., Press key]FWDL
On the read-out appears [C| [P| | ]

4, Put in program number.

You can put in figures ooo - 099

oo - 0%

o -~ 999
The seguence of the figures can be chosen as you like. Example for
input of a program with number 76: Press keys @ .

5. Press key{INPL

The transmission / lecading starts.

5.1. First free space on the tape 1s sought.
. If there are not data on the tape, it will advance approx. 4 se-
condg and rewind approx. 2 seconds.

. : . agdvance
Band without data on: o 4 sec. a :

2 se¢. rewind

[ Tape begin

Tape end
<=

Transmligssion SAVE




Modes of operation SAVE/CHECK

If there are already data/programs loaded on the tape, then the tape
will advance to the end of the program which was loaded last. Then
advance 4 seconds and rewind 2 seconds.

Tape with programs alyeady loaded:

4 sec, advance

£ sec. {rewind .
Z sec. 2 sec.

. " e by
] Program 2 [U{Program 1 [ Tape begin

5.2. Transmission operation SAVE

The digital read-out indicates

S& is the abbreviation for SAVE.

The program/data are "saved" from the machine memory - where they
could be deleted - ontoc the tape.

5.3. At the end of the transmission operation the tape rewinds toc the
tape start.

i
o

Control operation CHECK

The digital read-out indicates c] cla T} .

The data in the machine memory are compared with the data loaded on
the tape. :

If you have already programs loaded on the tape, then the digital
read-out will indicate these on the read-out whilst the tape ad-~
vances. It will advance to the program lcoaded last and then the
"CHECK" will be carried out.

CHECK of loaded program

r—.———j\——"“ﬂ

! ] Y Program 3§ LyProgram 2 Ky Program [ Rl
~ 7N v — s V‘“—”‘:i—'l T’"”";’"‘“N_ —
H ~ I t 1
[cTlele[] [l P[5 [c[ipii2] (cilelit

6. After CHECK the tape rewinds. The program is loaded on the tape.

Please never take out tape during cperationl



Transmission of program from tape to machine memory

Mode of operation LOAD

Press key a-—bz until word indication G lights up. If a figure of the
G~function appears, press key DEL. Then indication on read-out
disappears.

Put in G65.

Press keys [6)[5][INF. Read-ocut indicates(C|] | | ]

Press key INP.

Read-cut indicates [¢] 1P | 1

Put in number of program.

P

E.g. for program pumber 76 you press keys E@ On read-out: [P1716]

Press key ]INPL

. The program number is looked for.
If you have other programs on the tape already, then these numbers
appear on the digital read-out.

E.g. [c[Tp[7[4] or

. Loading:

6.

When the wanted program 76 ig found, the lcading operation starts.

On the digital read-out you see C]| |LIO] ]

LO is the abbreviation for "load”.

. After the leading is done, the tape rewinds. The read-out shows NOCO.
Program number 76 is stored in the machine computer.

If vou press kenyTARTJ then the program starts operating.

| Program 76 Ry Program 75 Ly Program 74 ] Tape begin
J

K‘_—‘““Y"MJ B i
(Ci ILiO] c| jp[7/4



From tape to machine

LOAD

Summary

From machine to tape

SAVE, CHECK

1. Put in G &5 G 1. Put in G&% %
. — ‘
[ Tlels (I fels]
2. Press ) 2. Press [INP _ ;
’ 1C i 1 C
3, Press [INP| 3. Press [FWD
el e[ 1]
4. Put in program number 4. Put in program number
Pl
5. Press [INP 5. Press
Program is sought and will be
. i , ® gh - Free space on tape 1s sought.
icaded in machine.
T - Machine program is transmitted/
LQ_LML loaded on tape (SAVE)
-~ Loaded program on tape is checked/
compared with machine program.
[ eE]
6. 1f program is loaded in ma- 6. If operation is through, then in-

chine, then read-out indicates:

N
[

Program can be started.

dication on read-out:

(1 efo]




Alarm sign

Alarm Signs - Tape Operation

(Summary)

A0S ~ Tape end reached during loading of
program from machine memocry to
tape {(only with mode of operation
SAVE)

AD9 - Selected program cannot be found
{mode of operation LOAD). Tape is
full. MO8 is not put in in selected
program {mode of cperation LOAD) .

Alo ~ Writing protection active
All - Leading mistake

AlZ - Checking mistake

General

When switching off machine (also when cur-
rent breaks down) an interference pulse

is put onto the tape. This interference
pulse does not have any effect since the
loading start only after 2 seconds of

tape advance.

Tape has to be rewind (automatically). Ne-
ver take tape out during rewind operation.

Ry Tape begin

‘First program starts Empty space, inter-
after 2 seconds. ference pulses in=~

effective.



Reason Measures
Tape finish during loading (SAVE) from - Press [INP! and [REV]

machine memory to tape.
(AO8 only when using mode SAVE)
Alarm- sign AOB appears on digital read-

cout.

Only when using mode of operation *'SAVE"’!

Alarm sign A08:

operation.

Program length

g

Alarm sign A08

Tape rewinds to tape begin.
Digital read-out indicates NOG.

- Put in new tape and repeat loading

| Tape begin

Tape end

Attention:

IT you put in this tape and want to load
the next finished program (transmit from
tape to machine memory) ACY appears " No
program end found!



Alarm sign AUY

Alarm sign A09:

Only when using mode of operation “'LOAD""!

A09 - Reason1 Measures
Selected program not found. - Press +
If you call a non-existing program num- The tape rewinds. The digital read-out
ber when "lcoading" (from tape to machine indicates after that NCO.
i " o
memory), then alarm ALY appears. - Look for program on ancother tape (in

case you are sure you put it in).

Example: You icck on this tape for pro-
gram no. 5

ey

(v e

0%
o
!
s
W
:
e
favl
fnd
=
N 1
|
o |
v
v

A0S - Reason 2 , Measures
Selected progran not fdily on tape (MOB], - Press +[REV]
since tape was finished when loading Tape rewinds, read-out indicates NOO.

from machine memory to tape (already in

~ - Look £ am cther ta in case
mode of cperation SAVE you had alarm A0S). ock for progr en e pe (in cas

you are sure that you put it iny

Example: You call on program no.l8

Frogram 1% does not have MOB, thus alarm
AOB was indicated already during mode of
cperation SAVE. <:

19 ig 17 ie




Alarm sign A10 Alarm sign A1i1

A10 - Writing protection active:

Only when using mode of operation “SAVE’’ and ““ERASE’’!

(O-MB Aﬂo)

If you remove the writing protection
{i.e. the plack caps) you cannot put
any more data cn this tape side.

B res:
If you put in such a tape side and Measures:

you want to transmit a program from Press INP + [REV]
the machine memory tce the tape, alarm Tape rewinds, put in other tape cr mount
sign Alg appears. writing protection again.

A11 - Load mistake:

Only when using mode of operation “LOAD"’!

A11 — Reason 1 At1 - Reason2

Motor is switched on or is being The program on the tape is destroved. The
switched on during icading {tapé—ma- reasons for it could be a mechanical
chine) . fault on the tape, a power failure - or
The program on the tape was not des- the machine was switched off when tape
troyed by switching on the motor. was not rewound.

Measures Measures

- Switch off motor Transmit program to new tape.

- pPress [INP| + [REV]
The tape rewinds, the read-out indi-
cates NOO. :

- Repeat loading operation.

- If you have All indicated alsc with
the following loading operation,
please see reason 2.

Summary measures

ALARM All

'

Repeat loading

\\
Ta
Nc alarm ALl Alarm All
Reason was interference when Reason was mistake on tape

loading



Alarm sign A12

A12 - Check mistake:

Only when using mode of operation **CHECK/SAVE"’!

Possible reasons:

- Tape faulty

- Interference pulse: main motor switched
on, short power failure, interference
pulse from electrical conductor (Light-
ning, switching on of scldering trans-

former ...

The interference pulses can happen both
when using mode of cperations SAVE or

CHECK.

Alarm sign A12 in mode of operation ““SAVE’ ~ Remedy

Store program under ancther number.

Exglanaﬁion:

You cannot delete the false program just
by its own. Thus you have to give to
this program a new number, if you store
in on the same tape. If you would use
‘the same program number, then alarm All
would appeary when leading (tape - ma-
chine) since only the first one of two
identical program numbers can be called
on.

Interference during SAVE

Measure:
- Put in[INP!+ REV, tape rewinds, read-
out shows NOO. ’

- Put in same program under a new num-
ber.

- If alarm AlZ appears again, then tape
is defective.

I?ze

Same program has to be put in undern

new program number .’

S NNNNYE

i



e

Alarm sign A12

Alarm sign A12 in mode of operation *‘CHECK"’ |

During CHECK cperation there may occur
an interference impulse and alarm sign
AlZ will be indicated, without a defec-
tive tape being the reason.

- Press + [REV]

Tape rewinds to begin, on read-out NOO.

- Load tape into machine memory. If
there is no alarm All when loading,
then the program is o.k.

- During icading All is indicated: the
following is'necessary - New tape, de-
lete complete tape or put in program
anew under another number.

Measures - Summary

#

Repeat loading

Noc alaym All: ] Alarm All:
Tape c.k. ) Tape defective
- New tape

- Delete tape
- Put in program under another
number.



Mode of operation “ERASE"

Mode of operation”’ERASE** (Erasing the tape)

1. Press key[EE}untii word indication
G lights up. If vou see a figure of
a G-function indicated on the digi-
tal read-ocut, then press%ﬁ%ﬁ%

2. Put in G&5

Press & 5 INP,on the display you see

‘see i

3. Press[=]+ [DEL] at the same tine,
on the display vou seeiC | (Eir( |
The tape is erased.

After that the read-out shows NOO

Program Interruption during Tape Operation

Only when using mode of operaticn LOAD,
CHECK, ERASE.

Program interrupition

Press +

Tape rewinds to Tape bedin.

Why program interruption?

If you find ocut that you called a non-
exlisting pregram. If you press [INP| +
REV] the tape will not advance to the
tape end but rewind immediately.

When using mode of operation CHECK:

1¢f you do not want to wait for CHECK
cperation.

When using mode of cperaticon ERASE:

It is enough that you erase about lo
seconds. When loading anew the tape
machine will erase autcmatically all

other remaining data.



Putting in the tape

When putting in the Tape, pay Attention:

1. Putting in with left spool full

- If you switch off the machine, the
tape advances | second.

1sec <

I 1
i ]

~ If you switch on the machine, the mo-
tor rewinds the tape 2 seconds. 50 it
is made certain that the tape is at
the very begining.

2. Putting in with right spool full

o . O)
Ve ~
L I T o)
N
L. — — J
Cp— o
x\ CZD/* &
. \\M///
(o) e O
(/ \\-
@S
R ‘//
\ — ~— _J
(o) Y e)
aTia)
@l B)
S ///
() — O)

PN
S
N
N \
@)
/
\ e
N

- If you put in the tape and program
G65, then the tape rewinds to the be-
gining.

~ If you put in the tape and
G&5, and switch on and off
the following happens:

not program
the machine,

Switch onc:

Phe tape rewinds 2 seconds.

Switch off:

The tape advances ! second.

L
| ' 1

. If you carry an iike this, the tape

moves further through the switching on
and off and you get an interference
willge on the tape. A stored program
will pe registered,



RS 232 Mode

¢ RS232C Operation — G66 '

V24 Operation
20 mA Operation

RE-232 C is an international standardized
Interface,

£ is an Interface for information inter-
change. Via this Interface data can be
transmitted to peripheric apparatus and
vice~versa.

The data are transmitted via a cable. For
the specific apparatus a cable has to be
connected by an expert.

The description how to connpect cables are
found in the wiring diagrams of the pro-

ducers.
Some Examples
Connecting a paper tape
puncher and paper tape reader Connection of computers
The program of the Fi~-CNC can be punched Via RS-232 C computers and computer
on a paper tape: systems can be linked to the F1-CNC.
Programs can be transmitted to the
Vice~versa: F1-CNC and vice-versa.
From & paper tape the program can be
transmitted to the F1-CNC. For computer connection a specific

Software is necessary.
The -Software is an enccoding information
which "translates" the code of the com-
. puter to the code of the machine. This
Printing a program Software has to be written by an expert
for the specific computer type.
Via the RS-232 C Interface the program
in the F1-CNC can be printed on a list.



Activating RS 232:

RS 232 is activated via GG66. G66 does not en-
ter the memory, it is a switching function,

Examples:

@® Transmission from paper tape
to memory of F1-CNC

{(With "Request to send" =ignal)

- Switch to CNC-mode (memory must be empty)
- nsert paper tape

- Btart paper tape reader

1. Program GG6

2. Press INP C 000 0 C
On the display appears (A \

{A is the abbreviation for ASCII = Ameri-
can Standard Code for Informaticon Inter-

change)

3. Press [INF| c o o0g oo
The display shows |A Lo ]
(LO = LORAD) _ &
The program is transferred. At the end of
the transfer the display shows | N o0 !

RS 232 Mode

41 4%



RS 232 Mode

® Transmission from paper tape to F1-CNC
(without "Request to send“ signal)
- Insgrt paper tape

-  Switch to CNC-mode

G66 ] 1. Program G66

00 00OoaQ
2. Press|INP| The display shows [A ’

. !OOOOOO
3. Press|INP, The display shows [ A Lo |

4. Start paper tape reader {transmissicn begins)

® Transmission from F1-CNC to paper tape
(with or without "Request to send” signal)

-  Switch to ChC-mode

~ Insert paper tape

[

Start paper tape puncher

| RUN
[ Gad | 1. Program GE6
00 0C Q0w
| INE 2. Prass E&E} Display shows (A
t:f:: 000000
: Effz— 3 PressiﬁﬁéE‘Display shows |A s A

{SA = SAVE;
The paper tape 1s punched.



PROGRAM SHEET EMCO F1 CNC

G X Y F
Nl o o K (S) Z (L) (T) () | Tremarks
L
Part Nr. Part Mame Shaet Nr, D
———-{ mm ]
Program Nr. ' Mame Date l D inch D




PROGRAM SHEET EMCO F1 CNC

G X ( I 4 F
Nt | o o K (S (L) () () | emarks
Part Nr. Part Name Sheat Nr. :
-———{ 1l mm OO
Program Nr. Name Date , D

inch [




PROGRAM SHEET EMCO F1 CNC

G X v =

N W oo 0 (S I T
Partf ' Part Name Sheet Nr. |- I O mm O
Programm Nr, - ) Name p— ] D inCh D




PROGRAM SHEET EMCO F1 CNC

G X ¥ ’ E
N (M) B (O K (S Z (W (T} ¢H) Remarks
Part Nr. Part Name Sheet Nr,
- ——-{ (| mm [J
Brogram Nr, Name Cate l . D inCh D




PROGRAM SHEET EMCO F1 CNC

G X oy F
N w oo K (S) < (Ly (T (Hy | Fremarks
Part Nr, : Part Name Sheet Nr.
v-—-l | mm
ngr.am Nr. Name ) Date D f 7‘
, ] inch ]




PROGRAM SHEET EMCO F1 CNC

G X Y F
Nl oo | wo® £ Jwym| Remarks
Part Nr. Part Name Shieet Nr.
—i 1] mm [
Prograri Nr. Mame Date { D inch D




F1-CNC, Isometric
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F1-CNC, Isometric




Tool Data Sheet

T1 T2

T3

T4 T5

T6

T7 T8

Cutter dia. Vertical axis system’ Horizontal axis system
.. Cutter radius
Feed speed +Z
- +Y
Max. milling depth i
Spindie speed i
. Difference measure
.. Corrected difference measure
Zero-paint offset ((G92)
Zero-poing of workpiece
Start position
Tool change position X mm
mm
Z mm
Dréwmg no.:
" Denomination:
Workpiece material:
Program no.
Name:
Date:




Tool Data Sheet

T1 T2 | T3 T4

T5 T6 | T7 | T8

.. {mm).............. Cutter dia.
....... (mm).............. Cutter radius
e, (YRS L Feed speed
....... (T} ... Max. milling depth
o (Ufmin) Spindle speed
...... {ram}.............. Difference measure
. {mm) .............. Corrected difference measure

Vertical axis systam Horizontal axis system

Zero-point of workpiece
Start position
Tool change position

Zero-point offset (GH2)
b, RTINS 11 1 1
A S ¢ 11

z .  _mm

Drawing no.:
Denomination:
Workpiece material:
Program no.

Name:

Date:




e

Tool Data Sheet

Tt | T2 T3 T4

T5 T6

T7

T8

,,,,,,, {mm}............. Gutter dia.
(mm)............. Cuiter radius

....... {mmfmin) ....... Feed speed

....... (mm}............. Max. milling depth

,,,,,,, (Umin} .......... Spindie speed

....... {mm}............. Difference measure

Loimmd Corrected difference measure

Vertical axis systemn

+Z
. +Y

1

+X

Horizontal axis system

+Y,

Zero-point of workpiece
Start position
Tool change position

Zero-point offset (G82)

X mm
Y mm
Z mm

Drawing no.;

Denomination:

Workpiece material:

Prograsm no.

Name:

Date:
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