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1. General



Technical Data

Working area:

X e 7.87" (200 mm)
Y e e 3.94” (100 mm)
Z e 7.87" (200 mm)
Milling head SWIVBT- . . . . . ..o ee e e 90"
Milling table:

Size .........

Number of T-slots

Width/distanceof T-slots . . .. ........ T .43"/3.54" (11/90 mm)
Distance table - milling head:

Vertically. . . ........ ..o .98"-8.86" (25-225 mm)
Horizontally . ........................ 3.15"~11.02" (80-280 mm)
Throat. . .. ..o 551" (140 mm)
Milling spindle:

Tool mounting ANSIB5-50-1978. ... ................... # 30 Taper
Toolclamping. .. ..ot Quick action system
Drive of milling spindie:

DOMOLOF . .\ e ot veeee e 6 hp 440 W (S1 - 100% ID)
Speed range infinitely variable . . ... ............. .. 300-2000 rpm

Drive of feed motors:
Step motor - single drive + ball bearing screw

Feed - manual operation .. .. ..... .20" - 15.75"/min (5-400 mm/min)
Feed - CNC-operation . .. ......... .08 - 19.65"/min (2-499 mm/min)
Rapidfeed . ............. .. ..icoivnn. 23.62"/min (600 mm/min)
Single step (tipoperation) . . ........... .. ... ... 0004" (0.01 mm)
Feed POWET . .. i e 225 Ibs
Weight of milling machine . ..................... 264 Ibs (120 kg)
Weightofcontrotunit. .. ......................... 88 Ibs (40 kg)
Size of machine (width x depth x height). 33"/307/28" (840/750/720 mm)
Sizeofcontrolunit. .. .............. 28"/18"/21" (710/450/540 mm)
Electrical connection . .. ...t 115 Vac
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End mills shown are calle "roughing" end mills. Most end mills will have smooth sides. The rough
sides act as chip breakers. This is only important for high speed/ high volume milling.

General tips on milling

S SV

Regular end mill Center cut end mill

L L

Most milling cutters are designed for
peripheral work or slot cutting where
the cutter is fed in from outside the
workpiece edge. They are not designed
for feeding into the workpiece from
above to make a starting hole. When
feeding into a workpiece from above you
should always use a center cutting end
mill. Feedrate ‘figt’ khis operation shoufd
‘half xhat used for nor-f

When depth of cut and feedrate are too
great the milling cutter may bend, caus-
ing a danger of breakage. This is es-
pecially true with small diameter end
mills and when slotting.

Deep slots should be finished with a se-
ries of light cuts with progressively
greater depths. Because of the greater
force required when slotting, feedrates
and speeds should be reduced by 30 %
from those used for normal edge milling.

When using end mills of 1/4" diameter or
smaller it is a good idea to start with
light cuts and conservative feedrates to
minimize the hazard of tool breakage.
This is especially important when working
with an unknown material.

page 1.2 is blank
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Climb Milling Conventional Milling
(downcut milling) vs. (up~milling)

For many years it was common practice to
do up-milling (known as conventional mill-
ing) in which the cutting direction goes
Against the direction of feed. This was
Kpopular because most older machines were
not fitted with ballscrews and backlash
eliminating devices. On more modern NC-
machines many people prefer downcut or
"climb"” milling, where the cutting direc-
tion is the same as the feed direction.
In climb milling the cutter enters the
workpiece with a full chip load that
thins out toward the end of the cut.
This tends to dissipate heat into the
chips rather than the workpiece, and
also tends to push the piece into the
table creating a greater load. Gene-
rally, it makes little difference which
method is used on the F1-CNC, except
with very small cutters or this sec-
tions where conventional up-milling may
be preferred.

page 1.4 is bvlﬂank :
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Calculations used in milling

1. Cutting speed:

v .262 x D x RPM where

cutting speed in ft/min.

cutter diameter in inches

The optimum cutting speed depends on the
tool and material being cut. Some
suggested speeds with HSS:

Aluminium (2011,2024,7075)

450-500 ft/min

Free machining brass - 250-300 ft/min
Plastics - 300-400 ft/min
Low carbon steel - 115 ft/min

Med. carbon & alloy steel 80 ft/min

2. Spindle speed:

RPM = M where

. D
V = desired cutting speed in ft/min
D = cutter diameter in inches

3. Feed per tooth:

ft = —;_gmﬁﬁﬁ where

fr = feed per tooth

fn = feedrate in inches/min

n = number of teeth on cutter

Some suggested feeds per tooth, taken from
various reference manuals (3/8-3/4" dia.
cutters) :

Aluminium -  .003"-.004"
Free machining brass - .001"~,002"
Plastics -  .003"-.004"
Steel - .001"-.,002"

These feeds are suggested optimum rates.
However, they may not be attainable with
small diameter cutters because of their li-
mited strength. The higher the feedrate

the more force is exerted against the cut-
ter, causing it to bend. With small end
mills it is better to start slow and gra-
dually increase feeds till you find a

safe limit.




4., Cutting horsepower at spindle:

HP = d x D x fm x P where

HP = required horsepower

d depth of cut in inches

D cutter diameter

fm = feed per minute

P = unit power factor. HP/In3/min

The power required to cut various types of
material is often expressed as a Unit
Power Factor, in terms of horsepower, re-
quired to remove material at the rate of
one cubic inch per minute. Unit power
factors for milling some common material
are:

Aluminium™alloys - .32-.40
Brass - .64-.80
Low carbon steel - 1.1-1.4
Medium carbon & alloy steel - 1.5-2.0
Cast iron - .6-1.4

Unit power factor can vary depending on
the hardness of the material. There are
also many other factors which can effect
the power and performance in machining
Operations. Among these are cutter sharp-
ness, lubricants, various material pro-
perties, machine drive efficiency, motor
torque characteristics, and machine rigi-~
dity to mention a few.

While it may be impossible to find the
perfect combination without trial and
error experiments, the above formulas

and figures can be used for estimating
starting values.

The following charts can also be used as
a guide to starting feeds and speeds for
the F1-CNC. To truly optimize programs
you will have to experiment a little
with your own tools and material.
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Speed (of rotation) — Cutting speed — Feed

2500

2000

1500

“O/min

300

inch L

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 daily using oil gun (1
nipple on vertical slide, 2 nipples left
side underneath longitudinal slide).
Pressure resistant, corrosion-pro-
tective oil with slip-stick reducing
characteristics.
2.87"/sec (cSt) reference tempera-
ture 40° C.

E.g. CASTROL MAGNA BD 68
This corresponds to the CINCINNATI
Specification P47.

Spindle taper for tool mounting

Interior taper of main spindle and tool taper
have to be f¥ee of grease and dust. They
should also be wiped down regularly with a
light oil to prevent surface rust.

When not in use toolholders should be removed
from the spindle and stored in the proper
storage slots.

Safety measures

Pay attention to all rules of general shop
safety and particularly those for milling.
Remémber, you are the most important ingre-
dient in safe machining.

Raw material

When using aluminium, choose free machining
grades such as 2011, 2017, 2024 or 7075. Ge-
nerally, the harder tempers will produce finer
chips and better finish quality than soft
annealled varieties.

Tools

Use of good quality high speed steel cutting
tools is recommended on the F1-CNC. Regular
end mills, drills, etc. may be used, also spe-
cial cutters may provide better results on
certain non-ferrous materials. In any case,
well sharpened cutting tools will give the
best results.

inch 1.1
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Clamping of Tools

Attention:

Spindle taper and tool taper must be free
of all dirt or chips that would interfere
with proper seating.

Clamping with collet chuck

Tools with cylindrical shaft are clamped
with the collet chuck.

[_ -

_-4

(D
SO

Note:
- Put collet into nut inclined so that Taking out the collet:
the eccentric ring grips the groove . . )
of the collet. Screw nut with collet Unscrew nut. The eccentric ring in the
onto collet chuck. nut presses the collet out when unscrew-
ing. "'
Maintenance
Use oil and clean collet and collet
chuck after use. Chips and dirt can da-
1 mage the tapers and influence the pre-
\VIRRy cision.
Collets
Clamping of tools You find the clamping capacity in inch
and metric engraved on the collets. Dia-
Put tool into collet and tighten nut meters smaller or larger than indicated
with cylindrical pin in clockwise di- must not be clamped.
rection. For counter-holding of main
spindle put cylindrical pin into col-
let holder.

i . a
O 0 0 e N S L i IR S50 ADRLAL SRR |1 00 i 10 1 o R ]
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FPC has these items and a small milling vise for the EMCO F1

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: 2.36”

Clamping capacity: 2.36”

Stepped clamping shoe
Height: 2.36"

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

page 1.13 is blank
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FPC does not have the adapters shown

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 holding of workpieces
gular and hexagonal work- square 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

To 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
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FPC does not have the dividing

head shown. A small PRC unit

is available from Harbor Freight

for about 1008. Larger American
European made units suitable for

the Bridgeport can cost as much as
5-6,0008 .

T-slots of the dividing attachment

256"

!
j=3m"

]
197”7

The Dividing Attachment

Operating tips

TECHNICAL DATA

Diameter of rotary table: 6"
Worm reduction: 1:40
T-slots according to factory standard

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

OPERATING ELEMENTS

Clamping levers for rotary table (1):

Clamping levers are loosened during the
dividing operation itself, but must be
clamped before every machining operation.

Indexing pin with handle (2):

During direct dividing from 15° to 15°,
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 divisions.

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

The shears serve to facilitate adding
the number of holes when a fraction of
a turn is to be added.

Disengaging and engaging the worm:

The allen head screw (5) is loosened.
When the dividing plate is turned coun-
terclockwise, the worm and wormwheel

are disengaged. The rotary table can be
turned by hand for direct indexing. By
turning the dividing plate clockwise,
worm and wormwheel are engaged. To faci-
litate engagement of worm and wormwheel,
the rotary table should be moved slight-
ly by hand.

The allen head screw (5) must again be
retightened.

inch 1.16
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Types of Dividing

Indirect dividing: Direct dividing:
Indirect dividing offers many more di- Worm and wormwheel are disengaged.
viding possibilities and is more accu-
rate because of the worm reduction of Possibility 1:
‘1:40' Dividing by means of the indexing pin.

Dividing possibility from 15° to 15°
(i.e., maximum of 24 divisions within
360°) .

Indirect dividing. method:

If the crank handle is turned 40 times,
the rotary table makes 1 revolug}on
(360°) . With help of the dividing:
plates, exact fractions of turns can be The dividing can be done freely with
executed. the aid of the graduated scale on the
rotary table.

Possibility 2:

Note

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

The indexing chart:

1st column: indicates number of divisions
per 360°

2nd column: shows the corresponding angle
of the division

3rd column: shows the number of 360° crank
handle revolutions which are
necessary

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

inch 1.17




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

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

Practical execution:

. The indexing plate with 39 holes is

@@

2. in the indexing table one sees that
at the division 13,
3 holes on the 39 plate have to be

added.. Therefore, the shears are fixed

so that they include 4 holes.

3. The indexing plunger is placed in a
the drawing) and the left shear arm

plunger.

3 full turns plus |

FIE IS M OGSO IS b S0 RN

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

5. Next dividing operation:
The shears are turned until the left
arm touches 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 their purpose as an orien-
tation aid.

hole of the 39 plate (marked black on

moved until it touches the pin of the

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 holes 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 turn (2 turn allto-
gether) and turn back the difference of
4 holes (the shears comprise 5 holes).




Formula for the Calculation of the Hole Numbers Required
INDEX TABLE z = No. of divisions required for one revolution of the workpiece.
K = No. of revolutions of handle for a complete revolution
of the workpiece.
n = No. of revolutions of handle for one dividing move: n = Lz('
Worm reduction of dividing head 1:40; i. e. K = 40.
2 3
‘B x Amount of holes to be added % x Amount of holes to be added
3 m &9 for each index plate 2 m o for each index plate
< o |o¢ c o |o@
3|5 |o¢ s | 5 |52
£ |8 |85(27]33) 3436|3839 40|42 | z |8 |S5|27|33| 34] 36|38 |39 40|42
2 1180° 20 ' 32 1 9 10
175°[ 19| 12 33 1 7
170°| 18] 24 34 1 6
160°[ 17} 21 35 1 6
150°| 16| 18 36| 109 1] 3 4 :
140°| 15| 15 38 1 2
130°| 14| 12 39 1 1
125°( 13| 24 40| 9° | 1
31120°13] 9| 11 12 13 14 42 40
110°/ 12| 6 44 30
100°/ 11} 3 45 | 8° 24 32
41 90°/10 ~ 48 30 35
80° 8|24 50 32
75°1 8] 9| 1 12 13 14 70 21 28
5| 72°| 8 52 ) 30
70° 7|21 54 20
65°| 7| 6 55 24
6| 60° 6|18]| 22 24 26 28 56 30
55°) 6| 3 60 | 6° 18
7 5 30 64 25
50°| 5|15 65 24 .
8 | 45°| 5 66 20
9 | 40°] 412 16 68 20
10| 36°| 4 70 24
11 3 21 72 | 5° 15 20
12| 30°| 3| 9] 11 12 13 14 76 20
13 3 3 78 20
14 2 36 | 80 17 |18 |19 20 |21
25¢| 2121 84 20
15| 24° 2118 | 22 24 26 28 85 16
16 2 17| 18 | 19 20| 21 88 15
17 2 12 90 | 4° 12 16
18| 20°| 2| 6 8 95 16
19 2 4 96 15
20 18 2 100 16
. 16°] 121 120 | 3° 9 |11 12 13 14
21 1 38 180 | 2° 6 8
22 1 27 200 8
24| 15°| 1[18| 22 24 26 28 240 6 7
25 1 24 270 4
26 1 21 360 | 1° 3
27 113 40 2
28 1 18 30 2
30 12°0 1| 9 M 12 13 14 20 1

i onoAGE-1.20.i6 blank
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i. Main switch

Turn key to the right. Machine and con-
trol are under power unless emergency
stop button is pressed.

2. Indicator lamp main power switch

When main switch is on, lamp is on.

b . page 2.1 blank
inch 22

Operating Elements
Control Elements
Hand Operation

3. Emergency stop button

Control, feed motors and main motors
are cut off from power by pressing
emergency stop button: turn button
to the left - it will jump back to
original position. Main motor switch
has to be switched on again.




4. Switch for main spindle

Turn switch to the right.

5. Adjusting knob for speed control of
main spindle - calibrated in RPM

6. Ammeter

Shows power consumption of main spindle
motor. In order to protect motor
against overload, the power consumption
should not surpass 4 A with 110 V.

7. Feed keys for longitudinal, cross and

vertical slide

8. Rapid traverse key

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

9. Adjusting knob for setting the feed
rate .

10. Inch/metric switch and switch for

changing the axis system

11. Digital read-out for slide movement

t g, ty, ¥ 7 are shown in 1/100 mm

or 1/1000 inch.

Plus movement without sign
Minus movement by a light
to left of numbers

- 125

X -1,25 mm or - .125 inch

12. Indicator lamp for hand operation

13. [H/C] switch key: hand operation/CNC
operation

If you press thekey the light of
the control 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 operation).

14, key

The X,Y,Z values are set to zero when
this key is pressed.

15. The key

With the[— lkey you can switch from
X to Y to Z without movement of slides.

16. The key

With the[INP] key you enter the values
for slide movements.

17. M-key

Activates switching exits.

inch2.3




Hand Operation F1-CNC Py

Positioning of the Milling Cutter

1. Scratching front sides and top side

With milling most measurements refer to
outer edges. In order to use the measure-
5 ments of the technical drawing you have
to "zero-set" the display and use as re-
ference/starting point the outer edges.

Example

Milling cutter with dia. 1/4".

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

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

XY Z
ey A O

- Scratch front side in X~direction.

- Set X-display to zero (press key DEL)

®
X Y Z
O W i

- Scratch front side in Y-direction.

- Set Y-display to zero (press key DEL)

X Y 2
W 0 wd ®




Positioning spindie using edge finder

=g

The edge finder can be used to position
the machine relative to the workpiece
edge without actually marking the work-
piece.

Mount the edge finder in the spindle
with the small .200" diameter downward.
Turn main spindle on and adjust speed
to 1000 rpm. The end of the finder will
center itself.

Now slowly jog the machine to move the
edge finder near to the desired edge of
the workpiece. When the rotating edge
finder contacts the workpiece you will
see the tip "jump" off-center about
1/32". At this point the centerline of
the spindle is exactly .100" away from
the edge of the workpiece.

The edge finder is a precision ground
instrument that will accurately read
position within .001". Like any other
instrument it should be treated with
care. Approach the work only in slow
jog speed and "step" into the piece
slowly, never in rapid traverse.

page 2.6 is blank :
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2. Zero-setting of Display to Zero Point
of Dimensioning (Example: Milling)

Example: Milling of groove

1/

- The groove is milled using a .250"
cutter.

- Zero point for the dimensioning
is the workpiece edge and surface.

- The measures refer to the center of
the milling cutter.
X=0/Y=0 g

N < X
1]
o000

Consequence

Move axis of milling cutter to edge of
workpiece.

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

b) Touch milling cutter on left edge to
scratch workpiece. Move by value of
milling cutter radius (one half the

N G XY F
@ @ oY Yo @ @ diameter) in the +Y direction. Set ¥
K T M to “zero” by pressing DEL key.

Oz

O

g

@

O
-©Om
20

~_page 2.6 is blank
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c)

Touch milling cutter on front edge
to scratch workpiece. Move milling
cutter by value of milling cutter
radius into X-direction. Set display
to "zero".

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
S (rpm)

Feed mm/min

Infeed in X (mm)

Infeed in Z (mm)

Pay attention to set correct feed.

[N




Display

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

NG XYZ F
© ©G6c9 OO
DJK_LT M

0]

. If you traverse in i"X, the X lamp lights
up. When you take your finger from the
key, the traverse distance is shown in
1/1000" on the display. With a distance
of 2.45"” the display indicates \2450.

N G XYZ F
© © oo ©®© O
DJK LT M

2450

'

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 1.000" 1000 will appear) .

N G XYZ F

©©0co 00

DJK LT M
1000

Minus sign on display appears to the left
of the numbers.

N G XYZ F

© © © ©
D,J K LT M
o - 1000

Traverse — Hand Operation

Monitor

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

If you move in X direction and you take
your finger from the key, the traverse
distance is shown in 1/1000" or 1/100 mm.

The same happens with Y,Z:
All 3 traverses are shown on the screen.

XY Z
-30 -240 250

Minus sign is shown on screen for each
axis.

When moving at preset feedrate the dis-
play will change every 0.020" oxr 0.5 mm
to update the position shown. In rapid
traverse the display will not change un-
til you lift your finger from the key.

—

inch 2.9
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Input of X, Y, Z Zero-Values from any ®
chosen Milling Position

-’ The display should indicate zero, when
the milling cutter stands at a given
point (X=0, ¥Y=0, Z=0).

You can program the X,Y,Z displays to
indicate zero by entering the value of
the current position in relation to the
desired zero-point.

o X
o <
o N
@

\".
The center of the milling cutter is at
a distance of 2.215" to the workpiece
% edge in X. The display indicates what-
A ever value.
-
When the milling cutter traverses in +X
direction by 2.215", then the display
should indicate the value X=0.
Procedure: '
NG XYZ F 1. The 1 he display 1i
@@000@@ . e lamp X on the display lights up
DJ K T M

2. Press INP - the lamp X flashes

3. Put in the value and minus

‘ sign, because the milling cutter
should indicate with plus "traverse
INP direction O".

4. Press key INP, The flashing of the

- 221 5 X-lamp stops.

You can enter the Y,Z values in the

|NP same way.

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

ER o G L S L RO A PR IMSERSE ] 0 1 ) BARES 0 1; R o AR
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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 r.

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:

1. Program the display X,Y,2=0 if the
milling cutter is positioned onto
the edge.

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

~-page 2.12 is blank
inch 2.1




Switching Feed Motors off

When switching on the machine, the feed
motors are not under power.

If you have - in hand or CNC-operation
mode - moved the slides, the feed motors
stay under power. The video monitor

shows a small{M] symbol in the center of
the top line.

Switching power off - with no program
being stored

0=z
lo 0]
o

YZ F 1. Switch to CNC-operation mode: Press
a® 0 O H/C key.
LT M =)
m] (o] 2. Press key . The light jumps to G.
8lo H/C 3. Key in 6 4. The number appears on the
display.
5|6
2013 15 4. Press INP key. Now the feed motors
are switched off.
gE
; 5. The -M symbol disappears from the top
line of the video monitor.
Switching power off - with a program
being stored
G64 is a pure switching function. It is
XYZ F not stored in memory.
D o0 O
WK LT M 2 1. Press key so that G light goes on.
64

2. When a number appears on the display,

=P~

O[N]

4. Press INP key. Now the feed motors
are switched off.

l|lwlo|o

m press DEL.
DEL 3. Key in 6 4.
REV| 1T

5. The video monitor shows that the pre-
vious G-value has been replaced in
its proper position and the -M symbol
disappears.

pages 2.12 & 2.14 are blank:
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Operating Elements
Control Elements
CNC-Operation
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1. Main switch with removable key. Memo- 4. Optional switch for axis system and
ry is being cleared when switching for metric or inch mode of operation.

off.

2. Control lamp shows the power supply
of machine and control unit.

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

age 3. 1 |s blank
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5. Switch 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 MO5, MO6 (with F+40)
and M30.

6. Ammeter

7. Magnetic tape

8. switch key

Manual/CNC operation

9. Control lamp CNC operation

10. key

The program is being worked off

12. VDU (display):
Indicates values for address letters
and modes of operation

13. Control lamp address letters

14, Control of milling spindle speed

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

2 1

7 5 6

11.1. Number keys[]-—[]

11.2.[=] The minus sign key
To enter minus values the minus
sign [Z] has to be pressed after
input of numbers.

11.3. key (INPUT = storing)
Storing key

11.4.[DEL] key (DELETE = erase)
Erasing key

11.5.[FWD] key (FORWARD)
Program jumps forward block by
block

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

11.7. Arrow key
Display jumps word by word

11.8.[] key: key for entering of mis-
cellaneous functions.




Survey o

Preparatory Functions, G-Codes (metric)

Note: Formats inch: all X,Y;Z values have 4 digits
{No differences in horizontal and vertical
Axis system)

GO0 Rapid traverse GAa7

Add tool radius twice

V: N3/GO0/X%5/vt4 /7%
H: N3/Goo/x%4/y%s/zts ' N3/G47

G48 Subtract tool radius twice

GO1 Linear interpolation

V: N3/Gol/x¥5/v*4/7%5 /3

N N3/G48
H: N3/GO1/X=4/v¥5/z%5/F3
GO02 circular interpolation clockwise G64 Feed motors without current .
GO03 cCircular interpolation counterclockwise (switching function)
Quadrants: N3/G64
G
v: N3/G8§/Xt5/Yi4/Zt5/F3\.U
GO2, 4. o4 G65 Magnetic tape operation
H: NB/go3/X°4/Y—S/Zis/F3 (switching function)
N3/M99/32/k2 (Partial circles) N3/G65
G04 Dwell
N3/G04 G 66 Activating RS 232 Interface
" N3/G66
G21 Empty block
. G72 Ppocket milling cycle
N3/G21 ; = - -
_ V: N3/G72/X-5/Y-4/Z2-5/F3
G25 sub-routine program call H: N3/G72/Xt4/vts 4
N3/G25/L(F) 3 '
G74 Thread-cutting cycle
(G27 Jump instruction (left-hand)
+
N3/G27/L(F)3 N3/G74/K3/2-5/F3
G40 Tool radius compensation cancelled G81 Fixed boring cycle
+
Z-
N3/G40 N3/G81/Z-5/F3
G45 add tool radius G82 Fixed boring cycle with dwell
N3/G45 N3/G82/2-5/F3
G46 Subtract tool radius (G83 Fixed boring cycle with chip
N3/G46 removal
N3/G83/%%5/F3
34 inch ’




G84  Thread-cutting cycle G91 Incremental value programming
N3/G91

N3/G84/K3/25/F3

G92 Offset of reference point

G85 Fixed reaming cycle N 4
N3/G85/25 /53 v: N3/G92/X;5/Y;4/Z:5
H: N3/G92/X-4/Y-5/7-5

G89 rixed reaming cycle with dwell

N3/G89/2%5/F3
. - ‘
G90  Absolute value programming Vertical
N3/G90 H = Horizontal

Misceilaneous or Switching Functions

MO0 = Dwell
N3/M00

MO03 - Milling spindle ON, clockwise
N3/M03

MO5 - Milling spindie OFF
N3/M05

MO06 - Tool offset, milling cutter radius input
N3/M06/D5/S4/Z + 5/T3

M17 - Return to main program
N3/M17

M08

M09

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/J2/K2




AQO:
AO1l:
AO2:
AO3:
AO4:
AO5:
AO6:
AQ7:
AOS8:

AQ9:
AlO:
All:
Al2:
Al13:

Al4d:

Al5:
Al6:

Al7:
Al8:

Alarm Signs

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

Méo code missing
M03 code missing
No significance

Tape end with cassette operation
SAVE

Program not found
Writing protection
Loading mistake
Checking mistake

Inch/mm switching with full pro-
gram memory

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

Wrong Y-value

Value of milling cutter radius
missing

Wrong sub-routine

Path milling cutter compensation
smaller zero




Possible Inputs

(Otherwise alarm signs)

Metric Inch

Values Unit (mm) Values Unit (inch)
Xy 0-19999 1/100 mm 0-7999 1/1000"
Xy 0-9999 1/100 mm 0-3999 1/1000"
Yy ©-9999 1/100 mm 0-3999 1/1000"
Yy 0-19999 1/100 mm 0-7999 1/1000"
Zyn 0-19999 1/100 mm 0-7999 1/1000"
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"
F 2-499 mm/min 2-199 1/10"/min_
T(F) tool addres§”
MO6 0-499 1 0-199 1
L(F) jump instruc-
tions 0-221
H(F) exit signs M26 0-299
J/K circular para-
meter 0-90

Adresses

N,G,X,Y,Z,F,D,J,K,L,M, T,S,H

page 3.8 is blank -
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[DEL]
FWD
[REV]
]
Program hold:
[T0E]+ (W]
Program interruption
[58) + [FE9]
Delete program
[oEL)+[fW]
Firstthen

remains pressed.

Delete alarm

() +(FE9]

Insert block

[~] + [zne]

Delete block

[~] + 5EE]

Single block mode

[RE ete. +[Sme

Testrun:

[]

Operation CNC

Storing of word contents

Deleting of word contents

Forward in program block by block
Backward in program block by block
Forward in block word by word

Input of M-functions

Operation — Magnetic tape
Storing of program on tape

G65 — — Put in program
number —[INP|

Transmit program from tape to memory

G65 — — Select program
number —» [INP]

Delete tape contents

G65 [INP|
¢
+ [DEL]

pages 3.8 & 3.10 are blank
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Chapter 6

Tools, 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 comrections
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




The Programming
of the Tools

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

The sequence 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.

page 6.2 is blank
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Tool Lengths Compensation

Act. Position = Targ. Pos.

Targ. Info = 4+ HZ Targ. Info = —HZ

To1

MO6/D. .../S..../IHz=0/T01

T02

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

MO6/D..../S....Hz= + . ..

Imagine the coordinate system trans-

To3

[T02 ferred into the reference plane of the

tool.

The target position is described start-

MO6/D..../S....IHz=—. ..

.ITO3

ing from the actual position.

page 6.4 is blank -
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Working with various Tools

Determihing the tool sequence

Detecting the tool data

Compensation of tool lengths

T

T3

Hz3

dy

‘For the manufacture of a workpiece you
often need different tools: drills, va-
rious milling cutters etc.

The programmer needs to know various
data such as

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

. The milling cutters are of different

diameters. These are known to you.

. The tools are of different lengths.

These are not known to you. You
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) .

page 6.6 is blank
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Procedure

1. Determining the tool sequence

A
27

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

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

T1 T2 ;| T3 T4
; Entering the data
T 1 , 1. Stick the tools into the correspon—
. l I 1 ding column.
= =NP= S| S 2. Enter the technological data:
L_L_J N '?‘9 d = Cutter diameter
; ﬁ] D = Cutter radius
F = Speed of feed
. t = Maximum depth of cut
d - S = Speed
_ d
D={
F ~— j
t # These.data will make the programming
S -~ easier.
Hz
Hzk

page 6.8 is blank |
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2.2. Detecting the Tool Length Differences (Hz)

The differences in tool lengths have to
be measured. The measurements can be
taken using an external presetting de-
vice. In many cases 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,.

Procedure

Mount T1 (reference tool) and scratch
reference surface, set dial gauge res-
pectively.

Detection of data by Detection of data with dial
scratching > gauge.

Scratching only when cut- Set dial gauge when machine is
ter is turning at stand-still.

Set dial gauge to O.

J

T

Press key the Z-value display is

set to O.

N G XYZ F

COoOXIMdOO
DJK LT M

0

7

page 6.10 is blank
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Scratch surface

Mount T2

Touch dial gauge with cutter
until it shows O.

L J
’ W
T 13 Ta Read value from display.
N G XYZ F
DJK LT M

d
D=4 Enter value into tool data sheet. In this
F way you determine all tool lengths.
t
S Pay attention to the signs!
Hz 0 650 |
Hzk

[RET " 8 s R




3. Calculation of Tool Lengths
(Tool lengths compensation)

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

Calculation of tool length M06
(Tool lengths compensation)
| (Programming)

Format M6

N3/MOB/D(X)4/S4IZ(H2) % 4/T(F)3

The data are entered into the

inch 612

programming sheet. N~

N G X Y z F
M) ) (D) ®) (s) LMmH

N.-.iMos| 1000 A4 00 0 1
% A A

N...|Moé 125 2000 650 2
O s o

Note:

T = tool number

D = milling cutter radius

S = spindle speed (only for your in-
' formation)

Hy = difference in tool length

T3 T4
I
L
KRR
D=5 4 | w57
F | 40 8o 20
t 1 2 3
S 4100 | 2000 | 2000
Hz | o 65 |=32
Hzk

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.

I A R A0 b5 i ) b i

EE



3. Calculation of Tool Lengths
(Tool lengths compensation)

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

Calculation of tool length M06
(Tool lengths compensation)
(Programming)

Format M6
N3/M06/D(X)5/S4/Z(Hz) *5T (F)3

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 A F H, = diff i
N M) @ © (S Z L hE 2 ifference in tool length

Ne..|Mo6| 2000 4100 0 1

A \\//

T4

——e

i

T3 |
16

N...|Mog| Soo 2000 650 2

b ) A L

\

\

[\ —

D= % ?

F | g0 140 bo
t | o3 Ly 8
S | 400 2000 2000

HZ | o 650 |-320

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.

e e .o page 6.14 is blank
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. Tool Lengths Compensation in the
Program Sequence

The first tool (TOl) has a H, value
= O. ’

N.../MO6/D2000/S1300/2(Hz) = O/TOL

lTool change T02|

’ N.../M0O6/D500/52000/Z (H,) = 800/TO2

I

First the tool T02 moves from the ac-
tual position to the target position.

Then the manufacture itself starts.

6.15




\[

VY

\v
Actual value
" \\
———— 1
Target value |
'Reference line AZ= .08
H
ztr HZK = .45
.5%* I v

BNt e

Tool Lengths Corrections

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

- 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
measurements, cutter not resharpened).

TARGET INFORMATION Hz wrong
MO6/D.../S.../Z+ 530 /TO2

The target information Hz has to be
corrected.

Hzk

Corrected target information

Hzk

1]

Hz + (¥ coiLrection value A Z)

MO6/D.../S.../Z2+ 450 /TO2

inch 616




Tool Lengths Comrections

You have finished the manufacture of a
workpiece and find out that the 2-
measurement is not correct.

\/

Y

- The program is correct

-~ The starting position of the cutter
is correct.

What is the reason?

N The target value information (H, value)
’ was not correct (wrong, inaccurate
measurements, cutter not resharpened).

_
Actual value _
\
—
Target value |
TARGET INFORMATION Hz wrong
<3 MO6/D.../S.../2+ 12.43/TO2
¢AZ"14 The target information Hz has to be
Reference line . - 3 corrected.
HZ - H =11 Hzk = Corrected target information
= r4 4
1243
| Hzk = Hz + (¥ correction value A 2)
MO6/D.../S.../Z+ 1100/T02




Example of a Correction of the Hz-value

You may

1. Measure tool once again

2. Detect the correction value by

+, 3 . .
I Z N measuring the workpiece. ‘

.24”

—_OA"
—_?"-_ J 82=-04 The Hz information has to be correc-
ted by the A Z value.

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

- Add the correction value A Z to .
the target information Hz of the
tool bit.

AZ=04"

Pay attention: A z may have t sign.

75% Hzyk =.75" 04" =71"
Y

Hzk =Hz + (£ A 2)
75" + (- AZ)
75" - 04"
"

The value Hzk = 71 is corrected in
the programming sheet, tool data
sheet and in the memory.

TGN .05 SO o 5S35 UOR it
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Example of a Correction of the Hz-value

You may

1. Measure tool once again

i 47 2. Detect the correction value by
Z} T w measuring the workpiece.
AI_Z y AZ=-1,35 The Hz information has to be correc-
ted by the A Z value.
\- B
' - Imagine the coordinate system trans-
ferred to the Z-actual position of
the workpiece.
‘ - Add the correction value A Z to
‘ the target information Hz of the
: tool bit.
| AZ=135
Hy= Pay attention: A Z may have t sign.
15,4 Hzx = 15,4 -1,35 =14,05 +
Hzk = Hz + (- A Z)
| = 15.4 + (- AZ)
= 15.4 - 1.35
= 14,05

The value Hzk = 14,05 is corrected in
the programming sheet, tocl data
sheet and in the memory.
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Example

Programmed Hz-value (actual information):
-.23"

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

¢ A
§ sz o Y
4 / | Correct the Hz-value
A= }/__ ’ Hzk = Hz + (f A 2)
/ Pay attention to the sign of A 2.
Hzk = .........
-
Example
"Hz of TOl =0
Hz of TO2 =.16"
T01 Workpiece:
|
) Actual value TOl = 41"

o Actual value TO2 =.2”

[]

N

I "
Target value TOl1 = 4 .
Target value TO2 = 24"

3 Correct the Hz-values of TOl and TO2.
- §} // // ' [’// ~N %{‘
- X .V {
‘ Z 7 /7/
2
TO1 TO2
Hzk

inch 6.20




Example of a Correction of the Hz-value

You may

1. Measure tool once again

+Z 2. Detect the correction value by
r wn measuring the workpiece.

6,35

I—Z ] AZ=-1,35 The Hz information has to be correc-
ted by the A Z value.

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

- Add the correction value 4\ Z to

l l ‘ the target information Hz of the
| tool bit.

AZ=135 .

Pay attention: A\ 2 may have - sign.

Hz =
154

Hzi = 15,4 -1,35 = 14,05 ok s Az
15.4 + (- AZ)
15.4 - 1.35
14.05

The value Hzk = 14,05 is corrected in
the programming sheet, tool data
sheet and in the memory.
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Example

Programmed Hz-value (actual information):
-.23"

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

Correct the Hz-value

48" _
N
N
N \\
A6

Hzk = Hz + (¥ A 2)

Pay attention to the sign of A 2.

Hzk = .........
N
Example
Hz of TOl =0
Hz of TO2 =.i6"
T 01 T 02 Workpiece:
l |
) . Actual value TOl = 4|’
o 0 Actual value TO2 =.2"
= -
~N "
I
=S Target value TOl = 4” .
o Target value TO2 =.24"

Correct the Hz-values of TOl and TO2.

=
\
N\

TO1 TO2

Hzk

WIS T Te BRI R ¢ e S e L Tt R i B Y. TN
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12461
12

Hz=4,32

52,

105

777
////////

Example

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

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

Correct the Hz-value
Hzk = Hz + (i [k Z)

Pay attention to the sign of Z& Z.

Example

Hz of TOl

1l
o

Hz of TO2 = -4,32

Workpiece:

Actual value TO1 = 10,5 mm
Actual value TO2 = 5,2 mm

Target value TOl = 10 mm
Target value TO2 = 6 mm

Correct the Hz~values of TOl and TO2.

TO1 TO2

Hzk

page 6.22 is blank
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Other Cases for Programming M06

X
) (©)

Y
Ky ()

F
LM H

M0os

(D _500)
==

\

/

/

7]

If a G45, G46, G47, G48 or a G72 com-
mand (cutter radius compensation) is
programmed, in one of the previous
blocks a MO6 has to be put in, other-
wise the alarm sign will appear.

Al6: Cutter radius information missing

The computer needs the cutter radius
information D in order to calculate :
the compensated paths (G45,G46,G47,G48)

The same applies with the pocket mill-
ing cycle G72.

Alarm Al6

Cutter radius
information missing.

Clearing offsets at end of program

Since tool length offsets remain in
effect until they are replaced, they
must be cancelled out before ending
the program. This will return the Z
axis to the proper relative position
for the next running of the program.

.page 6.24 is blank i
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Connection:

G92 Zero-point offset
MO06 Tool lengths compensation

MO06 G92

The origin of the coordinate system

The Hz-information is an incremental
is determined with G92.

target information within an indepen-
dent coordinate system.

page 6.26 is blank §
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Milling of Chamfers

Chamfers are usually milled at an angle
of 45°.

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
between cutter axis and workpiece
edge)

R1

PN ]
\1:/

(——3

R
F l

‘\\\ )

> e

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

\m PN

f I
f \i\\

H1

6.27




DU

Programming a Chamfer
with Cutter Path unchanged

The contour is milled with a cutter of
.500” dia.

To avoid the necessity to program a
new cutter path for chamferring, the
angle cutter shall be programmed in Z-
direction such that a chamfer .05%x.05"

is reached.

Cutter path - end mill
Cutter path - angle cutter

How deep has the Angle Cutter
to be fed in?

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

Radius end milil

~R*05,

3 +
8

] 4

[ / - Width of chamfer]

.05”

With a mill path using a .8” shank,
R dia. :6” , the radius of the angle cut-

inch 628

ter produces the chamfer .05%45°

R = 25" + 05"

l l l
Angle Mill Width of
cutter path chamfer

i s LA




Programming a Chamfer
with Cutter Path unchanged

-

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

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

\\\\ Cutter path - end mill
= Cutter path - angle cutter

How deep has the Angle Cutter
to be fed in?

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

Radius end mill

R+1
+
/.
- ] /// ~
l Width of chamfer
1
With a mill path using a10 mm shank,

. R dia. 12mm, the radius of the angle cut-

ter produces the chamfer 1x45°.

R = 5 + }
Angle Mill Width of
cutter path chamfer




Angle cutter, dia. 1°x 2" ‘

with a 45° angle cutter, the cutting ra-

5R «I‘% dius changes by 1  if the cutter is
45R | / fed in by 1”.
4R ] / §
ol s oy
3R/
Example
Radius of mill path .35" ’
- 1. Cutter at height 0
. .
u Distance to workpiece =.05"
4
05", ' 2. Cutter fed in by.0s”
035” ) "
Radius .35" touches edge.
' 3. Cutter fed in by .05”
Chamfer 05"x45°is produced.
= v L
rd
N Measure of total depth:
)
o Measure until radius mill path (.05” )
L +
Width of chamfer ( .05")
R.4"
| = 1"
/
N /
1
35" =
05"

inch 6.30‘




Angle cutter, dia. 16 x 4 mm

RS -

R7 1

RE | /
RS [ /
R4 % / -

Example

Radius of mill path 5 mm

RS /

R6

With a 45° angle cutter, the cutting ra-
dius changes by one mm if the cutter is
fed in by ! mm.

1. Cutter at height O

Distance to workpiece = 1 mm

2. Cutter fed in by 1 mm

Radius 5 mm touches edge.

3. Cutter fed in by 2 mm

Chamfer 1x45° is produced.

Measure of total depth:

Measure until radius mill path (1 mm)
+.

Width of chamfer (1 mm)

2 mm




, Example

Unchanged mill path

- Radius end mill: .37"

37" - Chamfer .03"x.03"
A
, - With an infeed of .07”  the angle
37, cutter touches the contour.
. 7 . Infeed .05” R.35"
4 05+02"= Infeed .07” R.37"
077

Radius .4° produces the chamfer con-
tour.

.37 radius cutter path
+ .03 width of chamfer
4,, '411
; ~— Cutter infeed
074 03"=
N / Y .07”  (radius touches contour)
,! ‘ .03” (width of chamfer)
.37 ”
A total infeed
\ e
1,03
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5,63

5,63

/ 1+0,63=

163

£V 16340,67=
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Example

Unchanged mill path

- Radius end mill: 5,63 mm

- Chamfer 0,67 x 0,67 mm

With

an infeed of 1,63 mm the angle

cutter touches the contour.

Infeed 1 mm R5
Infeed 1,63 mm R5,63

Radius 6,3 mm produces the chamfer con-

tour.

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

6,30 mm

Cutter infeed

1,63 mm (radius touches contour)

0,67 mm (width of chamfer)

2,30 mm total infeed
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30°

The Depth of Bore with Spiral Drill

Blind holes 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.

tg30° =

Mmlm

H = ¢g3o°)x(%)

Chart

Drill .
dia. in H (n)
A 125 .036
346 188 .054
A 250 .072
S%e 313 .090
3/a 375 .108
6 438 126
1/ 500 144

Drill Data for the Tool Sheet

Always deduct value H from the
measured data when you enter it.

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




The Depth of Bore with Spiral Drill
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30°

Blind holes 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.

tg3Oo =

m]&lm

H = tg30° x %

Chart

Drill

dia. in mm H (mm)
2 0.57
4 1.15
6 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 value H from the
measured data when you enter it.

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




Tool Data Sheet (inch)

T T2 T3 T4

T5 T6 T7 T8

Q

O
]

(1%

Wl ~|m

N

s Cutter dia. Vertical axis system Horizontal axis system
U Cutter radius
Foter Feed speed +Z
t M A +Y

............................. ax. milling depth
S e Spindle speed
Hz i Difference measure
HZK ......................... Corrected difference measure X

Zero-point of workpiece
Start position
Tool change position

Zero-point offset (G92)

X

Y

Drawing no.:
Denomination:
Workpiece material:
Program no.

Name:

Date:
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Tool Data Sheet

T1 T2 T3 T4

T5 T6 T7 T8

L« I (MM) v, Cutter dia. Verticai axis systemn Horizontal axis system
Do (mm)..........'..'.'“. Cutter radius
Feed speed +Z
Max. milling depth +Y
S (U/min) .......... Spindie speed
Hz . (mm) ..o Difference measure
HZK ............... (mm)....oueeeenn Corrected difference measure X
Zero-point offset (G92)
Zero-point of workpiece
Start position
Tool change position X — mm
Y mm
Z ______mm
Drawing no.:

Denomination:
Workpiece material:
Program no.

Name:

Date:







