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TNC Guideline |
From the workpiece drawing to
program-controlled machining

Step Task TNC operating Section in
o mode ' manual
Preparation
1 " Select tools —_ _—
2 Set workpiece datum for

coordinate system P -

3 Determine spindle speeds
and feed rates — 11.4
4 Switch on the machine S 1.3
5 Cross over reference marks or @ 1.3, 21
6 Clamp workpiece — —
7 Set datum /

Reset position display ...

7a ... with 3D touch probe @ or @ 25

7b ... without 3D touch probe or 23

Entering and testing part programs

5108
or9

8 Enter part program or download
over external data interface

10 Test run: Run the program
block by block without tool 3.2
11 Optimize the part program'
{if necessary}

g Test part program for errors 3.1

5t08

Machining the workpiece

12 Insert tool and run prograrm 3.2




Controls on the TNC 407, TNC 415B and TNC 425

Controls on the visual display unit

O i

Toggle display between machining and
programming modes

GRAPHICS i o .
SRAF Switch-over key for displaying graphics only,

SPLIT program blocks only, or both program blocks
SCREEN  and graphics
D Soft keys for selecting functions in screen
a E Shift keys for the soft keys
|
_\O/_ o Brightness, contrast
v ] ~

Typewriter keyboard for entering letters and symbois

Q R] cormmants
@ IpSrc?gramming

Machine operating modes
MANUAL OPERATION
EL. HANDWHEEL

POSITIONING WITH MDi

=

wlolel]s)

PROGRAM RUN/SINGLE BLOCK

PROGRAM RUN/FULL SEQUENCE

o
X
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Q
2
2
3
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3
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%> PROGRAMMING AND EDITING
-y TEST RUN -

ol

Program and file management

=3
e

Select programs and files
Delete programs and files

Enter program call in a program
fconversational programming onfy}

[ 2]
g8
E¢

BEOE

External data transfer
Miscellaneous functions

Moving the cursor and going directly to
biocks, cycles and parameter functions

= . . . Move the cursor {highlight)

Go directly to blocks, cycles and
= - parameter functions

Override control knobs ’

) 1 : 100
Feed rate o Spindle speed
50 150 50 % 150
MWWF % O s%

Programming path movements
fconversational programming only)

Approach/depart contour

s

(8] (1g) (n3) () (2] (o) (%) (83

Straight line

Circle center/pole for polar coordinates -
Circle with cénter

Circle with radius

Tangential circle

Chamfer

Carner rounding
Tool functions {conversational programming only)
DEF CALL
R L - . . .
Activate tool radius compensation -

Cycles, subprograms and program section repeats
fconversational programming only)

cyoL l CYCL

Enter and call labels for subprogramming
SET J§ CALL and program section repeats

Enter program stop in a program

Enter or call teol length and radius

Define and call cycles

Jrack Enter touch probe functions in a program

Coordinate axes and numbers, editing

&3

. Select coordinate axes or enter
“them into-a program

=z
c
3
o
@
I

Decimal point

e

B0 - &8

Arithmetic sign

Incremental dimensions

Q parameters for part families or mathematical
functions (conversational programming only)

Capture actuzal position
Skip dialog questions, delete words

N Confirm entry and resume dialog

o
Z
a

End block

Clear numerical entry or TNC message

68
m

(=]
m
m

Abort dialog, delete program sections

O

Polar coordinatas (conversational pregramming only)
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How to use this manual

@ This manuai descr]bes functions and features available on TNCs with the following NC software num_bers or higher:
TNC modei - NC software
TNC 407 24303010

TNC 415 B, TNC 425 259 930 10

TNC 415 F, TNC425E | 259940 10

The suffixas £ and F identify export versions.of the TNC.

The following functions are not available on the TNC 407:

e Graphics during program run
* Simultaneous linear movement in more than three axes

The export versions TNC 415 F and TNC 425 £ have the folfowing
lirnitations: : .

+ |nput and machining accuracy are limited to 1 ym

* Simultaneous linear movement in no more than 3 axes

The versions otherwise differ only in technical details such as the type of
speed control, biock execution time, control loop cycle time and memory
capacity.

The machine manufacturer adapts the features offered by the TNC to the
capabilities of the machine tool by adjusting the machine parameters. This
means that not every machine tool will have &ll the functions described in
this manual.

Some of the TNC functions which are not available on every machine are:

* Probing functions for the 3D touch probe

+ Rigid tapping

* Re-approaching a contour after an interruption

If you think a function may be unavailable because of a defect, please
contact the machine tool builder.

TNC 425/TNC 415 B/TNC 407



This manual is intended for both TNC newcomers and experienced users,

If you're new to TNC, you can use the User's Manual as a step-by-step
workbook. The manuai begins with an explanation of the basics of
numerical control INC) and provides a glimpse into their application in the
TNC. It then introduces the technique of conversational programming. All
of the examples given can be practiced directly on the TNC. Each function
is explained thoroughly when it is used for the first time.

. As a beginner you should work through this manual completely from
beginning to end to ensure that you are capable of fully exploiting the
features of this powerful tool.

If you're aiready familiar with TNC, you can use the manual as a
comprehensive reference and review guide. The table of contents and
numerous cross-references help you quickiy find the topics and
information you need. Easy-to-read dialog flowcharts show you how to
enter data for the desired function.

A description of the function of each key is provided in a box to the right of
the key. If the user already knows the keys, he can concentrate on the
fllustrated input overview at the teft of the flowchart. The TNC dialog
messages are shown shaded in the flowcharts.

TNC 425/TNC 415 B/TNC 407



Dialog flowcharts

Dialog initiation

@a ) | DIALOG PROMPT (ON THE TNC SCREEN)

-

Answer the prompt with
these keys

\,

i

NEXT DIALOG PROMPT

-

; I Function of the key

——
1

P his ki A dashed line indicates that
R A A I you can press either the key(s)

= Function of the alternative key above the line or beiow it.

Or press this key

S

-v_'

The trail of points means that:

* only part of the dialog is shown, or
+ the dialog continues on the next page.

THC 425/TNC 415 BAINC 407
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Introduction

1.1

1.2

1.3

14

15

The TNC 425, TNC 415 B and TNC 407 .......cococveeeeriiceevrcaecrencnnnne 1-2
KBy OB ettt ts et e en e e e e et sae e e ee e aaae eennan g 28
VISUBL QISPlaY LNt oottt et ma e e e e e aa e e 1-5
T A S BOMOS e riereueeeeeerieeie et e s e someune e s e e e e et e b mremeeemtamee et e eame e et et e e aaeem e e et e eneeeanne 1-8
Fundamentais of Numerical Control (NC) ........c.ccerininiiiiinneee. 1-9
T OTUCTION 1.ttt et et sa e e ss b st samce s s e e s s amc e et ea e e e e eme e ceeeemaeeanas 19
What is NC? e 19
THE DA PrOGTAM . ittt et ettt s e st re s see e e e e et e e em e s ame e embem b e e eeeeeme e e ee e meeears 1-9
PrOGTEIMITING 1ieiteitiiaer e e et et et it e e bt b e et e e st sar e s ereeeen e s sat st esens s ras s rn e e e eane s e e saneeens 1-9
= (=T eI AT =1 o o PP ST SUUUPO PRI 1-10
Cartesian coOrdiNGte SYSTM L.v i i ciieeeeteeeiee e ia et ce e aeestmaeece e nnsseser e s et aseamnsenneeeeans 1-10
AGATIONE] BXES ..eeeoeeeeee it see e rra et ee s oo b st s aes e e eeesee e e e m e s e e e coas e e e eaneemreanaena 1-11
POIEr COOMTIMAIES ..o ceieeeeeieeieeer et ee e e et e e e e e e et e e e e e e e eesenncanes SUPR 1-11
S ETtiNG T8 PO 1ot ettt e e e e 1-12
DETUM SETHNG «ooeiev et ee et rer st ebee e sr e r e ne e e et e e ane s 1-12
"ADSOIUTE WOTKDIEEE DOSTIONS .oeevieieeeiiireeee e cite et remrssmeeae s e se e e sa e b e mresssameeemseeecanannees 1-14
Incremental WOrkpIECE POSIIONS oo oot e s e e e 1-14
Programming t00] MOVEMENTS .ottt e e e e 1-17
POSILION BRCOUEIS ..ottt ettt bt oara st e an e s e e nraens 1-17
REfETENCE MIAIKS ..o et re e s ere e e e s st s erne s srse e e s ae s nnees 1-17
Ty 4 6 S 1-18
Graphics and Status Displays......ccccornnnincnncnncene e, 1-19
Graphics during Program FUN ..o oottt e s 1-18
[P Y, L= U OO OSSR SO UP OO PP POPO 1-20
ProjeCtion iN 3 PIANES ..ottt bt aiee 1-21
Cursor position during projection in 3 Planes ... s 1-22
B VB et citiit st st e e e et e e e e eetnneea e e e e ea et an e eaeanta e nanra s as e ———— 1-22
Magnifying GETAIIS ... veerer oo oo e 1-24
Repeating graphic SIMUIBTION ... e ccee e er e e e 1-25
Measuring the MachiniNg TiMIE ..ot e et sma e srraensesss 1700
SLATUS TISPIBYS et ieeiei e eee et r ettt e rae e e e e s e s e san e e v s 1-26
AddItIONa] STATUS AISPIEYS <orveiiieetii ettt as e s sres S 1-26
FIlES «uvrincoiramecsnentmrsmrmn i ssstsssssss s ssnm e eas sn s st a e r s s n e abe aand bt e bna er s s ra st 1-29
File dif€CtOry oo PP 1-29
P S B ..ot e e eecctee v e e e e e e et ee e ee et et e et r et b e et s et et e s eane s ie e e eaann 1-30
SIECING & T8 e e e s 1-30
COPYING TUES ooieitiieeee ettt oo e nb e 1-31
= 2o1] ol (8 £17=- PP RO UST USROS 1-31
Protecting, renaming and converting files ... 1-32
File management for files on external datéd media ... 1-34
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Manual Operation and Setup

2.1 Moving the Maching AXeS .........cucceeeeereeresrseeesseessesssesssmsssssssessssss 2-2

Traversing with the machine axis direCtion BUILONS ..o.vveveeeooeeooeeoeo 0 222
Traversing with an electronic hana@whee! ..o D3
Working with the HR 330 electronic handwhee! v oo e 2-3
Incremental JOg POSITIONING ......cuee oo 24
Positioning with manual data input IMBI) ........oveeeeee e 24

22  Spindle Speed S, Feed Rate F, Miscellaneous Functions M............ 2-5

Entering the spindle SPeet S ..ot 25
Entering a miscellaneous fUnCtion M ...............oocoieeor oo D6
Changing the $pindle SPEEA S ..ot D8

Changing the feed rate F ..o e 26
23  Setting the Datum Without a 3D Touch Probe............oeoeeneee.... 2.7
Setting the datum in the 1001 BXIS . ... .o.eeeee oo e 2-7
Setting the datum in the working piane weee 28
24 3D ToUCh Probes............ciecceeee v st s e s eseseeseen e areessseses .2-9
3D touch probe appliCationS . ..ot 29
Seiecting the touch Probe FUNCHONS ..ot 29
Calibrating the 3D 10UCH PrODE ... 2-10
Compensating workpi@ce MiSalignment ... oo 2-12
25  Setting the Datum with a 3D Touch Probe ....ccoeoeeeeeeeeeeeeveineenenn. 2-14
Setting The Gatmm iN 8NY XI5 .- ...ooeeeoeeeeeee oo I 2-14
COMBE 88 TATUM Looveitiee e, 215
Circle center as datum SO P SO RN RTRTOURTUTD . I
Setting daturn points over holes ......................................................... e e 2-19
2.6 Measuring with a 3D Touch Probe .........ccceeeeceieeeeeeeeeeceersessssnenns
Finding the coordinates of a position on an aligned workpiece _
Finding the coordinates of a corner in the working plane «oevoeveeeeeeeeee,
Measuring workpiece dimensions ..........coooo oo

Measuring angles..............

2.7  Tilting the Working Plane (not on TNC 407) ........cccoecoveecnnveerincene .2-24
Traversing reference points with tied aXes ......ooooovevoveeeeeeeeeeeeeees s 224
Setting the datum in a tilted coordinate SYSTemM ..o 2-25
Position dispiay in the tilted system .. et e e ettt e ans et see s teesaneennenees ERRD)
Limitations on working with the tlltmg functron ........................................................... 225
ACTIVALING MENUAL TIING . oee et v e ee e en e ee e ee e 2-26
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3 Test Run and Program Run

3.1 TestRun......coiriiisnninnnne Neeesemeasseeeseeisascsanesssseseesssrasesresessessenstssererenes 3-2
Running a program 88T ......ccviorecsiieceisnnnr oo YOV UURPRPRP. =
Running a program test up 10 @ Certain bloCK ..o i 33
The display functions for test run ....... e S SO OT PO RO 33
3.2 Program Run ............coeveeneen Nsmermedestsieesssenrnentasbeata s i rane e irearsessnaraaanses 3.4
Running & part program ...... et eseemtuereiseeaasesteieeneiaeemereatsibiratieneaeseeteaneareeneerneateseatas 34
Interrupting machining ......... ettt osteasteeeteeatite et tetaeaeras neiseean ettt snent nesnenseeere et e raraaan nreen 35
Moving the machine axes during an INTeITUPLIoN ..o 3B
Resuming program run after an intermruption ... e 3B
Mid-program Startup .....ccceeveiieerrasnen Tt et e et e neen et ee e e een e e e e s e e e e e e e een 38
Returning 10 The COMTOUT .ot st 39
3.3 Optional Block SKip ...c..cceevrccvannirennenans terseranasiaenstistasssneneasnnenesennaasan 3-10
3.4 Blockwise Transfer: Testing and Running Long Programs .......... 3-1
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Programming

4.1 Creating Part Programs.........ccomineeiinesiereesennnas aresromeennennas arereeans 4-2

Layout 0f @ DROGIAIT ..ottt ese s eeeneaenese sl D2
Editing FUNCHONS ...ooooeeceteie ettt oot eneaseee 4-3
L T O SO sersssse s ae 4-5
Setting the 1001 ABTA ...c.ie ettt et r e emneenaee st nstaesmeenes DD
Entering too! data N0 the DIOGramm ... ree e e e snenssennans Do
Entering too! data in 18bIES - oovoe oo s e e e enes BB
TOO! datE 1N TBBIES it e e e aa s e 410
Pocket table for tool Changer ... eaeistaaseiseat et e e eananeeeareennens 412
L0 Tl g o T CoTo o =1 OO UV UTOOPUSRUN: = b
TOO! CRIBNGE .o eeieiereceeeieere e esee e eee s bssme e sma e ts e o emmt e s estrastsen st senmrnne e s e e etsssssanensnne 413
Automatic too! change: MT0T ..t et en s sneeanes 8214
43 Tool Compensation Values ......cocvcerveceirecrecenneaes sestrenanmnneaseassonen 4-15
Effect of 100l COMPENSAtIoN VAIUES ......covocvriiie e e rrerescans e ceene e sre e ssssssnsseneneecs 5210

TOO! TAGILS COMPENBALION ..o e ctevrieeeiiiriee e rrrrsers s stesssiens s amrrtes sabaseeeemmrrstsensnsesssassrmnsanan 4-1%
MEChINING COMEBIS ...ttt ircaes st ssss e esanss e srsnsnseennes G217

44 Program Initiation................... rereeteeteearebsatestetasurerrrsassaasmantaassreannans 4-18 -

Defining the hlank fOrm . ...t 218
Creating 8 NEewW Pt PIOGIAM .o cor e eeereiirresiiasace e resessanteaseieaseseesrsasiesabeseasasenaseassns 4-19

45 Entering Tool-Related Data ............... emenestesenesieneresesenteresanesstnennres 4-21

FEEATBIE F ooveeeeoeeeeeee oo s e eeeemeeee oo e reseeeeees oo s svesneneemsesesemaeenenees B2
SRINAIR SPEEA S Lo i et errirts it ae s ameaaeatastssbasaan e sameene e aate s basesanae st rarers s e aeaneeane 4-22

46 Entering Miscellaneous Functions and Program Stop ................. 4-23
47  Actual Position Capture ..........cccoveiccnanee nvreresnineranas serraesanara e e 824
4.8 Marking Blocks for Optional Block Skip ......ccccocccciiinnnieiccsiiionne. 4-25

4.9 TextFiles .....vmiiecninmnnee e eereesmnererenennas crsersrereenersiens 4-26

FINAING TEXE SECHDNS 11.t1itre e erinr s e corre et st e e e me s e e se e em s et s e e ee s e st e e emmeenesansanbeabe 4-28
Erasing and inserting characters, words and Fnes ..., 4229
Eiting t@xt BIOCKS ..ot ren e s sne et sne s sn e DGO

4.10 Creating Pallet Files............cccoivrmmnnrnnnnnesn vemesteenrernnns vearesstinenamnennnnns 4-32

4.11 Adding Comments to the Program......... J—— vereresssntsasnareses 4-34
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5 Programming Tool Movements

5.1 General Information on Programming Tool Movements ............... 5-2
5.2 Contour Approach and Deparfure ...........ccccvciciiiiinncernvnencennnenecnens b-4
S1arting poOINT 8N ENE POIMT cuveriirree e e rire e et ease e et oes e e esesteesesieseseeessoeseesamemeseenneen 54
Tangentizl 3pproach and deParTUre ..ot s 56
5.3 Path FUNCHIONS e scmen s e sen s snsssesnnsssrassns 5-7
GENEral INTOMMIBTION ..o ee et e e e et eae e e beet e et e smeeeeasese e soese e beeeat e s aacraeann 57
Machine axis movermnent UNGer program: CONMIO!N . .o e rierrenrvreeecereeronees sreeeeieeeones 57
Overview of path fUNCHONS ... ccovv i RSN 59
5.4 Path Contours — Cartesian Coordinates ........cccooocecncinimerenenennn. 5-10
G00: Straight line with rabid ITBVETSE ceeeveieeeeeneueeessearseeseseseesesessasassesseseemammseermnanceenn 5-10
GC1: Straight line with fead rate F ... e e 5-10
Ll T R Oty T- s o3 - ST O U OO SV 513
CIrcles and CIFCUIAT BIES .oivurreereie et e e st cear e nrabt st e sean s s e e sanetcsemeeerncn e e in e nneean b-i5
CHCIE CaMEI [, J, K oiiiiiiititiise s i rs e e e st et et e st aeeee et e e steeeeesimbeameee s mee e e s e e e e e 5-16
(02/G03/GO5: Circutar path around [ J, K e 5-18
(G02/G03/G05: Circular path with defined radius ..., 5-21
(G06: Circular path with tangential conNECHoN ... 5-24
G258 COMET TOUNUING -.eevvreiieeecee et ieseeenneess e s rmrares b rsennesmee e s e e ae e e e e e e emeeeameemseenas 5-26
5.5 Path Contours — Polar Coordinates...........cceevmerncrrmecrticssssiinaniinne 5-28
Patar coordinate origin: Pole 1, J, K e s 5-28
G10: Straight line with rapid rEVETSE ..ot eeneees 5-28
@11: Straight fine with feedrate F ... oo SO 5-28
G12/G13/G15: Circular path arounc pole L J, K e 5-30
G16: Circular path with tangential Twansilion ... e esnir e DGR
Helieal IMTEEMDOIETION 11 veerre e cete e ree ettt e e e sre st ra e 5-33
5.6 M Functions for Contouring Behavior and Coordinate Data........ 5-36
Smoothing corners: M90 .. OSSOSO - Lc -
Machining smali contour steps M97 .......................................................................... 537
Machining open contours: M98 .. SSUOTUTOUSRURNPIORE -2 1
Programming machme—referenced coordmates M91/M92 ......................................... 5-38
Feed rate factor for plunging movements: M103 F... . e 540
Feed rate at circular arcs: MTOS/MTTIOMTTT e e e 5-41
Insert rounding arc between straight lines: M112 E... crreeerseenrniienns 041
Automatic compensation of machine geometry with tllted axes: M1 14 ..................... 542
Feed rate in mm/min onrotary axes A, B, C:MT16 L 5-43
Superimposing handwheel positioning during program run: MT18 X Y. Z... .o 543
5.7 Positioning with Manual Data Input: System File SMDI............... 5-44

TNC 425/TNC 415 B/TNC 407



6 Subprograms and Program Section Repeats

6.1 Subprograms ............... teetretsemnernnenas reseriesssttrrsrenrraetsaerensenssararsaaanense w62
SBOUBIICE .ottt e e oot em e e et ees st seneser e e e e seeneeaseseresesmnaenernaaseannsansnsan 62
OPETATING IMITALIONS ... .. eeeeeeeeee ettt ee e eees e e e ees e e et s semeeasetes s eeee s e eneeeean s s sneemes 62
Programming and cailing SUBBIOGIAITIS . oo oo ee e e ee e enen 6-3

6.2 Program Section Repeats .........ccecceeevvecrenrrcnnces trsnmenmsresmaneasssnnassenans 6-5
OPETRTING SEOLUEMCE e oot ie e se et ras s s e st ee e ee e e et e ettt em e eeme e emee e nrenes &5
PrOGramMIMING NOTES ...ocveiteeieeerenecerereeessessaess s sessesssaae st s sassemoeesbeteba st s eeeeee e semeesmeenmeeeenes 6-5
Programming and executing a program SeCHoN MePeaT ..o e oo 6-5

6.3 Main Program as Subprogram............ sireeessesssreresessnsnusteasssnnansserananen 6-8
SOOUBMCE ..ottt ss s s et e e e sesn s esra s e sessr s sasareanrarel TUUUNOTNRUTI 68
OPerating IMIEELIONS ...eceeeee et v e v e vt estenssomsers s e e evase s ssasss sasornenssase 63
Calling a main program as @ SUDDIOGIEM ... ..cccv v sseseessecsnss e aresressssassssesssnsnans 68

6.4 Nesting ......ccorueun. seenan cesarananneranas reemiessersessosssrnassanssrissesensas S 6-9
Nesting depth ...coccovcceccnircrrineenes e ettet e rettemeaarsteateetent et eeennerameeesneset e st eensenneennenne 89
Subprogram WIthin @ SUDDIOGIAM . .coe.e e e eere e ee s saeemseeeanenrane 69
Repeating program SECHON TEIEATS ..o et e e ee e e ee e ean s ra e e e ennens 611
Repeating SUDPIOGIBIMS (..o oo crreee e rrere e cerasse s ere sreas s st s es s be s ansetansesaasersanes 6-12
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7 Programming with Q Parameters

7.1 Part Families — Q Parameters in Place of Numerical Values......... 7-4
7.2  Describing Contours Through Mathematical Functions................. 7-7
T VBIVIBW e oeeeeeee et e e s e ettt e e e e e e 7-7

7.3  Trigonometric FUNCLIONS.........ciiiiiivciincssiecr s e rsenesreresssaanas 7-10
OVBIVIBW ...ttt e e e s s e e st e st e ettt s e ee e e e et e e s e e e e e e e e e ee e s e e eanenee et eeennnenenan 7-10

7.4 H-Then Decisions with Q Parameters ........cccovvirenrrininiommerssmsencsmsosens 7-11
U e e v e et e aser s bbb en s 7-11

OV BIVIBWY ¢ ee e ceeeraeeveee s eaem e eeeemeecvas s rr e et renasesea s et saeaeeeeee e e seseneaeeeesemteeesesemeaanesaensannnen 7-11

7.5 Checking and Changing Q Parameters...........cccccevvvereverssessnsersonsens 7-13
7.6 Diverse FUNCHIONS ...cccceere it cene s nem s ssesmssseses s s en s sm s nemssnsesansans 7-14
DS AYING BITOT TESSAMES .eiieieaeriimrrrr e merrrsisares s s s es st et s me e eemee e ee e emeeeeeae e e e e e eeaeaes 7-14

Cutput through an external data INterface .......oocvecvv e ceeiiieeeeeseteeiis . =15
Transfer 10 the PLU ..o ittt aeene e s e asee e s e eaennennnes 1=1D)

7.7 Entering Formulas Directly ............oo oo meeaes 7-16
OVENVIEW OF FUNCHIONS - ettt ees e e m s ranens 7-18
7.8  Measuring with the 3D Touch Probe During Program Run.......... 7-19
7.9 Programming Examples.........cceiveencen. eeeeesaereenneeeeranseseanrasreesesnsnen 7-21
Rectangular pocket with island, corner rounding and tangential appreach.................. 7-21
BOIE NOIB CIMCIE et ettt e e et e et e ee ettt ee et ee et b b e b s st s s 7-23
o [Tl == OO U T U P VPO OO UUR 7-25
Hemisphere machined with end mill ... ettt 7-27
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8 Cycles

8.1

8.2

8.3

8.4

85

8.6

General OVErview ........ecccverieeieeeceiscsrsrssrsesreses

PrOGIAMIMING 8 CYCIE cu.eoiocveti et ettt e s es e s eeeee e s es e et eseeeeeseeaes
DIMensions in the 00 8XIS ... ettt e eeeee s eeeet et eemeeeameseaeaemens

Simple Fixed Cycles......uccneeierceeereemeceeeecreerennaes

PECKING (GB3) ettt
TAPPING with floating tap holder (G84) ._......cucvcveeiictr et et nnr bt
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1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

The TNCs are shop-floor programmabie contouring controls for boring
machines, milling machines and machining centers with up to B axes.
They also feature oriented spindle stop.

Two operating modes are always active simultanecusly: one for machine
movements (rmachining modes) and cne for programming or program
testing (programming modes).

TNC 425

The TNC 425 features digital control of rachine axis speed. This provides
high gecmetrical accuracy, even with complex workpiece surfaces and at
high machining speeds.

TNC 415 B

The TNC 415 B uses an analog method of speed control in the drive
amplifier. All the programming and machining functions of the TNC 425
are also availabie on the TNC 415 B.

TNC 407

The TNC 407 uses an analog method of speed control in the drive
ampiifier. The programming and machining functions of the TNC 425 are
also provided on the TNC 407, with the foliowing exceptions:

e Graphics during program run
¢ Tilting the machining plane
¢ |inear movement in more than three axes

Technical differences between TNCs

TNC 425 TNC 415 B TNC 407
Speed control Digital Analog Anaiog
Block execution tirme 4ms 4ms 24 ms
Control loop cycle time
* Position controtler 3ms 2ms 6ms
Control loop cycle time
* Speed controller 0.6ms — —
Program memory 256K byie 256K byte 128K byte
Input resolution C.Tum C.1um Tum

12 TNC 425/TNC 415 B/TNC 407



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

Visual display unit and keyboard
The 14-inch color monitor displays att the information necessary for

affertive use of tha TNC's ranabiiities
errective use Of the [NU 's capadilities.

The keys are grouped on the keyboard according to function. This makes it
easier to create programs and tc use the TNC's functions.

n.
Froygramimmy

The TNCs are programmed in 1SO format.

It is also possible to program in easy-to-understand HEIDENHAIN
conversational format (a separate User's Manual is available for this).

Graphics

Workpiece machining can be graphically simulated both during machining
(TNC 415 B and TNC 425 only) or before actual machining. Various dispiay
modes are available.

Compatibility

The TNCs can execute all part programs written on HEIDENHAIN
TNC 150 B controis or later.

TNC 425/TNC 418 BfTNC 407

1-3



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

Keyboard

The keys on the TNC keyboard are marked with symbols and abbrevia-
tions that make them easy to remember. They are grouped according to
the foliowing functions:

Typewriter-style keyboard for entering
file names, comments and other texts, _
as weil as programming in ISO format Numerical input and axis seiection

&
Y A
-
o
]

Program and file
management

Arrow keys and
GOTO key

Machine Programming Dialog initiation for
operating maodes conversational
modes programming

The functions of the individual keys are described in the front-cover
fold-out.

Machine panel buttons, e.g. @ (NC start), are describe in the manual

for your machine tool. In the present manual they are shown in gray.

1-4 TNC 425/TNC 415 BfTNC 407



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

Visual display unit

T Brightness contro!

Contrast control

Switchover between
the active program-
ming and machining
modes

GRAPHICS
TEXT

SPLIT
SCREEN

| [T SPLIT SCREEN key for
| selecting screen

. - layout:
Soft keys with context-specific . yProgmm text and

functions, and two shift keys graphics
for additional soft-key rows {SPLIT SCREEN}
* Graphics only
{GRAPHICS)
* Program text only
(TEXT)

Headline

The two selected TNC modes are shown in the screen headiine:

the machining mode to the left and the programming mode to the right.
The currently active mode is displayed in the larger box, where dialog
prompts and TNC rmessagas also appear.

Soft keys

The soft keys select the functions shown in the soft-key row immediately
above them. The shift keys to the right and left call up additional soft-key
rows. Colored fines above the soft-key row indicate the number of
available rows. The iine representing the active row is highlighted.

TNC 425/TNC 415 B/TNC 407 1-5



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407
Screen layout of modes
Programming mode:
Machining
mode Programrming rmode is active
Furc seaoence| 1EST RUN
3813 G711+
N1E DE2 Q1 PE1 +2 »
NZ22 DB2 U2 PE1 +2 =
N3 D@ Q3 PR1 <8 »
Text of the e E / t— Graphics
selected NG 008 07 PG <50 = (or additional
program M5B 030 O17 1 <276 = status display}
NGB .DBB G3 PR1 +8 »
N70 DOE 018 PB1 +50 »
NBB DBG 53 PRL1 +3 »
N92 DRE Q18 PR1 +50 »
NiB@ D2@ Q12 PRl +B »
i@ o £1@ ¥ w5 v ws
N12¢ DR@ Q22 PR1 +500 « REzi5zal
= ) START sTOP RESET -~
. l E'E g T | STNELE AT swRi | . Soft-key row
MANUAL OPERATION and ELECTRONIC HANDWHEEL modes:
A machining mode is Programming
selected mode
MANUAL OPERATION TEST RUN
ReTL. X +25,3684
e Coordinates Y -250,3600
* Selected axis
* 3 means TNC —— 2 —25,@@@@
in pperation
* Status display, B + 3 3 1 ’ @ @ @ @
e.g. feed rate F,
miscellaneous + 12 , 5000
function M, T a M 5/39
symbols for basic
rotation and/or tilted
working plane- -
30 ROT
HEREE & Softkey row
-8 TNC 425/TNC 415 B/TNC 407



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

PROGRAM RUN operating modes

A machining mode is
active

Programming
mode

PROCRAMMING

RND EDITING

73885 G71 -
N1@ G3@ 517 X+@ Y-0 2-32 »

Text of the N2¢ G31 632 X+180 Y+100 2.0 «

selected

program nS@ T1 617 $1500 #

NED G@B GAZ §32 Z+58 »

NB@ G75 P@1 -2 PAZ -20 PO3 -10 PB4 100
PE5 X+BO PBE Y+5¢ PE? 520 +

NYQ X+TQ Y50 M3 »

N3G G99 T1 L+@ R-7.5 = v

‘- \ ————— Graphics
{or additicnal
status display)

2 8e=p2:a8
i RCTL. ﬂ +132,6878 ¥ +12.,.56088
Status dispiay N iiiz.esTe y *1z,55ae
c +90,2008
R — 8 M 5/9
— T e T T T
KESTORE o ‘ ’
IR EA LG oty rom
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I introduction

1.1 The TNC 425, TNC 415 B and TNC 407

TNC Accessories

3D Touch Probe Systems

The TNC provides the following features when
used in conjunction with a HEIDENHAIN 3D touch
probe:

* Electronic workpiece alignment (compensation
of workpiece misalignment)

¢ Datum setting

* Measurement of the workpiece during
program run

* Digitizing 3D surfaces {optional)

The TS 120 transmits its signals over cable, while
the TS 510 uses infrared light.

Fig. 1.6:  HEIDENHAIN 3D Touch Probe Systems TS 511 and TS 120

Floppy Disk Unit

The HEIDENHAIN FE 401 floppy disk unit enables
you to store programs and tables on diskette. 1t is
aiso a means of transferring programs created on a
PC.

Very large programs that exceed the storage
capacity of the TNC can be “drip fed”: the machine
executes each transferred block and erases it
immediately, freeing up memory for the next block
from the FE.

Fig. 1.7:  HEIDENHAIN FE 401 Floppy Disk Unit

Electronic Handwhee!

Electronic handwheels facilitate precise manual
control of the axis slides. Similar to a conventional
rmachine tool, the machine slide moves in direct
relation to the rotation of the handwheel. A wide
range of traverses per handwhee! revolution is
avaiiabie.

Portable handwheels such as the HR 330 are
connected via cable to the TNC. Integral hand-
wheels such as the HR 130 are built into the
machine control panel. An adapter permits connec-
tion of up to three handwheels.

Your machine manufacturer can tell you more about
the handwheel configuration of your machine.

Fig.1.8:  The HR 330 Electronic Handwheel

1-8 TNC 425/TNC 415 B/TNC 407



1 Introcduction

1.2 Fundamentals of Numerical Control (NC)

introduction

This chapter discusses the following topics:

What is NC?
The part program

DPromraresinm
STogramming

Reference system

Cartesian coordinate system
Additional axes

Polar coordinates

Setting the pole

Datum setting

Absolute workpiece positions
incremental workpiece positions
Programming tool movements
Position encoders

Reference marks

What is NC?

NC stands for Numerical Control, that is, the operation of @ machine tool
by a series of coded instructions comprised of numbers. Modern controls
such as the TNC have & built-in computer for this purpose and are there-
fore calied CNC (Computerized Numericai Control}.

The part program

The part program is a complete iist of instructions for machining a part.

It contains such information as the target position of a tool movement, the
path function thow the tool should move toward the target position) and
the feed rate. Information on the radius and iength of the too!, spindle
speed and tool axis must also be inciuded in the program.

Programming

ISO programming is partially dialog-guiced. The programmer is free to
enter the individual commands (words) in each block in any sequence
{except with G90/G81). The commands are sutomatically soried by the
TNC when the block is concluded.

TNC 425/TNC 415 B/TNC 407



1 Introduction

1.2 Fundamentals of NC

Reference system

In order to define positions, a reference system is necessary. For
example, positions on the earth's surface can be defined absolutely by
their geographic coordinates of iongitude and latitude. The word
coordinate comes from the Latin word for “that which is arranged.” The

netwaork of horizontal and vertical lines around the globe constitute an ‘ 60°
absolute reference system — in contrast to the relative definition of a ape
position that is referenced to @ known location. ( ‘ \ \
L] J .
30°
600
80° 0° 90°

Fig. 1.9.  The geographic coordinate system
is an absolute reference system

Cartesian coordinate system

On a TNC=controlled miliing machine, workpieces are normally machined
according 1o a workpiece-based Cartesian coordinate system (a rectangu-
lar coordinate system named &fter the French mathematician and
philosopher Renatus Cartesius, who lived from 1596 t¢ 1650). The
Cartesian coordinate system is based on three coordinate axes X, Yand Z
which are parallel to the machine guideways.

The figure to the right illustrates the “right-hand rule” for remembering the
three axis directions: the middle finger is pointing in the positive direction

of the tool axis from the workpiece toward the tool {the Z axis), the thumb
is pointing in the positive X direction, and the index finger in the positive Y
direction.

Fig.1.10: Designations and directions of the
axes on a milling machine

1-10 TNC 425/TNC 415 B/TNC 407



1 introduction

1.2 Fundamentals of NC

Additional axes

The TNC can control the maching in more than three axes. Axes U, V and
W are secondary linear axes parallel to the main axes X, Y and Z, respec-
tively (see iflustration). Rotary axes are alsc possible, and are designated
A BazandC.

U/

X

Fig. 1.11:  Direction and designation of

additional axes

Polar coordinates Yi

Although the Cartesian coordinate system is
especially useful for parts whose dimensions are
mutually perpendicular, in the case of parts contain-
ing circular arcs or angles it is often simpler to give
the dimensions in polar ccordinates. Whiie Carte-
sian coordinates are threedimensional and can
describe points in space, polar coordinates are two
dimensional and describe points in a plane.

Polar coordinates have their datum at a pole I, J, K
from which a position is measured in terms of its

00

o

distance from the poie and the angle of its position -@
in relation to the pole.

1=30

X

You could think of polar coordinates as the result of
& measurement using a scale whose zero point is
fixed at the datum and which you can rotate to
different angies in the piane around the pole.

The positions in this plane are defined by the

+ Polar Radius R, the distance from the circle
center |, J to the position, and the

+ Polar Angle H, the size of the angle between
the reference axis and the scale.

Fig. 1.72:  Identifying positions on & circular arc with potar coordinates

TNC 425/TNC 415 B/TNC 407




1 introduction

1.2 Fundamentals of NC

Setting the pole

The pole is set by entering two Cartesian coordinates. These coordinates
also determine the reference axis for the polar angle H.

Coordinates of the poie

Reference axis of the angle

1, J +X
J K +Y
K. +Z
Z 4 Z A y
‘ Y
Y

Fig. 1.13:  Polar coordinates and their associated reference axes

Datum setting

The workpiece drawing identifies a certain point on the workpiece (usually
a corner) as the “absolute datum™ and perhaps one or more other points
as relative datums. The datum setting procedure establishes these points
as the origin of the absolute or relative coordinate systems. The work-
piece, which is aligned with the machine axes, is moved 10 a certsin
position relative to the tocl and the display is set either to zero or to
another appropriate value (e.g., 1o compensate the tool radius).

ZA

Fig. 1.14:

The workpiece datum represents
the origin of the Cartesian
coordinate system

TNC 425/TNC 415 B/TNC 407



1 Introduction

1.2 Fundamentals of NC

Example:

Drawing with several relative datums
(!SO 129 or DIN 406 Part 11, fig. 171}

D 2
Gl L
s 10
&
72165 1220
£125.
12257 0
-125
21654 e,
7501
320
G —
(=4 w o o o0
o 1D = =37
o) o= ~ (oY o>}
Example:

Coordinates of point ® :

X=10mm
Y= 5mm
Z= 0mm

The datum of the Cartesian coordinate system is located 10 mm from

point @ on the X axis and 5 mm from it on the Y axis.

The 3D Touch Probe Systemn from HEIDENHAIN is an especially

convenient and efficient way to find and set datums.

ZA

Fig. 1.15:  Point @ defines the coordinate

system

TNC 425/TNC 415 B/TNC 407
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Introduction

1.2 Fundamentals of NC

Absolute workpiece positions

Each position on the workpigce is uniquely defined by its absolute
coordinates.

Example:

Absolute coordinates of position @:
X=20mm

Y =10 mm

Z=15mm

If you are driliing or milling a workpiece according to a workpiece drawing
with absolute coordinates, vou are moving the tool to the value of the
coordinates.

Incremental workpiece positions

A position can also be referenced te the preceding nominal position. In
this case the relative datum is always the last programmed position. Such
coordinates are referred to as incrernental coordinates (increment =
increase). They are also called chain dimensions (since the positions are
defined as a chain of dimensions). Incremental coordinates are designated
with the prefix .

Example:
Incremental coordinates of position & referenced to position @

Absolute coordinates of position @ ;

X=10mm

Y= 5mm

Z=20mm

Incremental coordinates of position @ :
IX= 10 mm

Y= 10 mm

IZ =-15 mm

If you are drifling or milling 8 workpiece according to a drawing with
incremental coordinates, you are moving the tool by the vatue of the
coordinates.

An incremental position definition is therefore a specifically relative
definition. This is also the case when a position is defined by the
distance-to-go to the nominal position. The distance-to-go has a negative
sign if the target position lies in the negative axis direction from the actual
position.

ZA
RO,
Y
N £

0 -.Eé

Fig.1.16:  Position definition through
absolute coordinates

Fig. 1.17:  Position definition through
incremental coordinates
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The polar coordinate system ¢an also express both
types of dimensions: Y+ i
+ Absolute polar coordinates always refer 1o the
pole (I, J) and the reference axis. TR T
* incremental poiar coordinates slways refer to L~ +PR __‘t_\ .
the last nominal position of the tool. ) V /'/PR 4 ~. ‘\
/ / APA | +IPA PH‘\
i :’\ |
10 -~ m - —— -4 0°
cc
G -
30 X+

Fig.1.18: Incremental dimensions in polar coordinates {designated by
Ga1)

TNC 425/TNC 415 BfINC 407 1-15
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1.2 Fundamentals of NC

Example:

Woerkpiece drawing with coordinate dimensioning

(zccording to ISC 129 or DIN 406, Part 11; figure 179)

Y1

Dimensicns in mm

Coordinate Coordinates
origin
Pos. | X1 X2 | Y1Y2 r Lo} d
1 1 0 0 -
1 1.1 325 320 g 120 H7
1 1.2 900 320 @ 120 H7
1 1.3 950 750 g 200 H7
1 2 450 750 g 200 H7
1 3 700 1225 & 400 H8
2 2.1 =300 150 @ B0 H11
2 2.2 =300 0 g BD Hit
2 2.3 =300 | 150 g 50 H1t
3 3.1 250 0° g 26
3 3.2 250 30° g 26
3 3.3 250 80° 2 26
3 3.4 250 80° g 26
3 3.5 250 120° | & 28
3 3.6 250 150° g 26
3 3.7 250 180° g 26
3 38 250 2i0° g 26
3 39 250 240° g 26
3 3.10 250 270° g 26
3 3.1 250 300° | & 26
3 3.12 250 330° g 26

TNC 425/TNC 415 BfTNC 407
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1.2 Fundamentais of NC

Programming tool movements

During workpiece machining, an axis position is changed either by move-
ment of the tool or movement of the machine table on which the work-
piece is fixed.
@ You always program as if the toot moves and tHe workpiece remains
stationary. : ) S R o

If the machine table moves, the corresponding axes are identified on the
machine operating panel with a prime mark (e.g., X', Y’}. The programmed
direction of such axis movement always corresponds to the direction of
tool movement redative to the workpiece but in the opposite direction.

Position encoders

Position encoders convert the movement of the machine axes into
electricai signals. The controf constantly evaluates these signais to
calculate the actual position of the machine axes.

if there is an interruption in power, the caiculated position will no onger
correspond to the actual position. When power is restored, the TNC can
re-establish this relationship.

Reference marks

The scales of the position encoders contain one or more reference marks.
When a reference mark is crossed over, it generates a signat which
identifies that position as the machine axis reference point. With the aid of
this reference mark the TNC can re-establish the assignment of dispiayed
positions to machine axis positions.

If the position encoders feature distance-coded reference marks, each
axis need only move a maximum of 20 mm {0.8 in.) for linear encoders,
and 20° for angle encoders.

Fig. 1.19:  On this machine the tool moves in
the Y and Z axes, and the table
moves in the +X' axis.

Zh

Fig. 1.20:  Linear position encoder, here for
the X axis

Fig. 1.21: Linear scales: with distancecoded
reference marks (upper iliustration)
and one reference mark (lower
iHustration)

TNC 425/TNC 415 B/TNC 407
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1.3 Switch-On

Switch on the TNC and machine tool. The TNC automatically initiates the
following dialog:

s

MEMORY TEST

The TNC memory is automatically checked.

P

E!m,U_I‘.IED s L s Coel : , iy

TNC message indicating that the power was interrupted. }
L Clear the message. .

-

§ The PLC program of the TNC is translated automatically.
~

RELAY EXT. DCVOLTAGE MISSING

Switch on the control voltage.
The TNC checks the EMERGENCY OFF circuit. ’

mvmsmm:«:tmcnmms

Move the axes over the reference marks in the displayed sequence:
For each axis press the START key. }

Cross the reference points in any sequence:
Press the machine axis direction button for each axis }
untii the reference point has been traversed. . e

\

The TNC is now ready for operation in the
MANUAL OPERATION mode.

PSSR

seed only be *Erawelse_d A jmachme axes are ;tovbemoved‘. 1 youmtentimivmwrte edit
selectithe GRANMMING ANDEDITING of TEST RUN modes of operanon immedi-

1-18
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1.4 Graphics and Status Displays

in the program run operating modes (except on TNC 407) and test run
operating medes, the TNC provides the following three display modes:

* Plan view
* Projection in three pianes
e 3D view

The display mode is selected with the $0ft keys.

On the TNC 415 B and TNC 425, workpiece machining can ziso be
graphically simulated in real time.

The TNC graphic depicts the workpiece as if it were being machined by a
cyiindrical end mill. If tool tables are used, a spherical cutier can also be
depicted {see page 4-10).

The graphics window will not show the workpiece i

* the current program has no valid blank form definition

* no program is selected

With maching pararneters MP7315 to MP7317 a graphic is generated
even if no tool axis is defined or moved.

The graphics cannot show rotary axis movements.

Graphics during program run

A aranhical representation of a running oroararm is not possible if the
A graphical representation or a ru g program 1s not p =R

microprocessor of the TNC is already occupied with complicated machin-
ing tasks or if large areas are being machined.

Example:

The TNC interrupts the graphics and displays the text "ERROR" in the
graphics window. The machining process is continued, however.

TNC 425/TNC 415 B/TNC 407
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1.4 Graphics and Stafus Displays

Plan view

The depth of the workpiece surface is displayed ) . "

according to the principle “the deeper, the
darker.”

The number of displayable depth levels can be
selected with the soft keys:

e TEST RUN mode: 16 or32
+ PROGRAM RUN modes: 160r32

7 | e swae | Sar ] sweer | T
Pian view is the fastest of the three graphic - ﬁﬁ e ] 0 STRT
display modes. Fig. 1.22:  TNC graphics, plan view

o
V]

RESET
BBBESGE

[{8- 32 ©
=7 Show 16 or 32 shades of depth.
(18- 32 5
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1.4 Graphics and Status Displays

Projection in 3 planes
mi
Similar to 3 workpiece drawing, the part is
displayed with a plan view and two sectional
planes. A symbol to the lower left indicates

Ao i
whether the display is in first angle or third angle —
projection according to [SO 6433 (setected with

MP 7310). _ rl:

Details can be isolated in this display mode for e

magnification {see page 1-24). V::z" i s °1:;“
STRTUS 1
. i'ﬂ g B 0N SIE‘LE Eg STRRT START

Fig. 1.23:  TNC graphics, projection in three planes

Shifting planes

The sectional planes can be shifted as desired.
The positions of the sectional planes are visible
during shifting.

E@ 2 -31.6 #+  +B.2 P 28268

RESET STORE AOD

[h m E_ iE_ BLK ® ®+® M:a:ﬂa

-

Fig.1.24: Shifting sectional planes

or E Shift the soft-key row. }

RESET
ge:80:08

@

g] [D Shift the veriical sectional plane to the right or left.
or

Shift the horizontal sectional piane upwards or downwards.
= | o | B pene e

TNC 425/TNC 415 B/TNC 407 1-21
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1.4 Graphics and Status Displays

Cursor position during projection in 3 planes

The TNC shows the coordinates of the cursor
position at the bottorn of the graphics window,
Oniy the coordinates of the working plane are
shown.

This function is activated with machine parameter
MP 7310.

Cursor position during detail magnification

During detail magnification, the TNC displays the

coordinates of the axis that is currently being

moved. | ey es v 2029258
RESET STORE

ROD RESET 1
The coordinates describe the area determined for O|& |5 | % | o (e e
ragnification. To the left of the siash is the
smallest coordinate of the detail in the current axis,
10 the right is the largest.

Fig. 1.25:  The coordinates of the cursor position are
dispiayed to the iower left of the graphic

3D view

-

Here the workpiece is displayed in three
dimensions, and can be rotated about the vertica!
axis.

The shape of the workpiece blank can be depicted
by a frame overlay at the beginning of the graphic
simulation.

In the TEST RUN mode of operation you can isolate
details for magnification. B 28:28:58
= - START $TOP RESET
ljh g msmﬂjt;i SmLE & ST STI;RT

Fig. 1.26: 3D view
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1.4 Graphics and Status Displays

To rotate the 3D view:

a or E Shift the soft-key row,
v’

g g
&

ge:08:88

( i-' Rotate the workpiece in 27° steps about the vertical axis.
cr

The current angular attitude of the display is
indicated at the lower left of the graphic.

BE3° ees28:58 |

SHOU M1t RESET [ STORE 860 | eetoBean
5| & % | O o e

BLK-FoRM | SLK-FORM | ooy

Fig. 1.27: Rotated 3D view

To switch the frame overlay display on/off:

SHOL OMIT Show or omit the frame overlay of the workpiece blank form.
BLk-FORM | °" | BLK-FORM

TNC 425/TNC 415 B/TNC 407 1-23
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1.4 Graphics and Status Displays

Magnifying details

You can magnify details in the TEST RUN mode of
operation in the following display modes:

* projection in three planes

e 3D view

provided that the graphic simulation is stopped. A
detail magnification is always effective in all three
display maodes.

] E-H'@ V-E2.85 ~ +p,20

I

MAGN BO:2BiSH

IS8 & -] -

UINDOU
BLK

FORM

TRRNSFER
BETRIL

Fig. 1.28: Magnilyving a detail of a projection in three pianes

To select detail magnification:

[ or S i Shift the soft-key row.

TRANSFER

DETAIL
' ™
g7 / @ Select the left/right workpiece surface
.
Sy
@ / @ Select the front/back workpiece surface
d-\\“ Select the top/bottom workpiece surface.
S 7
{ J
g
_ or + Shift sectional plane to reduce/magnify the blank form.
. J
v
If desired .
Select the isolated detail.
TRANSFER
DETAIL
\ A
o

[ Restart the test run or program run.

If a graphic display 1s magnified, this is indicated with MAGN at the lower
right of the graphics window. If the detail in not magnified with TRANSFER
DETAIL, you can make a test run of the shifted sectional planes.
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1.4 Graphics and Status Displays

Repeating graphic simulation

A part program can be graphically simulated as often as desired, either
with the complete workpiece biank or with a detaii of it

Function Soft key

RESET
* Restore workpiece blank as it was last shown BLK
FORM

* Show the complete BLK FORM ss it appeared UINDOW
before a detail was magnified vis TRANSFER BLk
DETAIL —

@ The WINDOW BLK FORM soft key w1H return the biank form to its original shape and size, even rf a detarl has
been isolated and not yet magmfled with TRANSFER DETAIL.

{PROGRAM R
SINGLEHBngK TEST RUN

Measuring the machining time

BPIS G =

At the lower right of the graphics window the TNC N13 Do af Pai @ =
shows the calculated machining time in N2 Da G2 Pa1 B +
N3Z2 092 43 PoT -58
NIE D@2 96 PR1 <49 «

hours: minutes: seconds N35 DOG 016 PRL +30 o

(maximum 99:59; 59) N4Q DOQ U7 PRY -8B =
NGP DER Q17 PO1 +9@
* Program run: N5 [29 38 ez °8 *
The clock counts and displays the time from oo ::’p:fi_ .
program start to program end. The clock stops 93 CoZ G1e Par 469
whenever machining is interrupted. N180 D@ 12 PE3 B *
NiiR
e Testrun: | n12e pee oza 2 <502 * - 63*  mAGN 8243131

The clock shows the time which the TNC & | G | s | em o SEE i eaEEaa§ a0
- e © CD‘F@
caiculates for the duration of tool movements. b B Rl Kot

Fig. 1.28: The calculated machining time is shown at the
fower right of the workpiece graphic

To activate the stopwatch function:

a Press the shift keys until the soft-key row with the stopwatch
or functions appears.

STORE ADD RESET

0B:08:00
) O+O D

@_]? The soft keys ava:lab]e to the ieft of the stopwatd’n function depend on the seiected dlsplay mode

TNC 425/TNC 415 B/TNC 407 1-25
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1.4 Graphics and Status Displays

Status displays PROGRAM RUN / SINGLE BLOCK TEST R
During a program run mode of operation the status w|es 671
display contains the current coordinates and the ::: zﬂ :: ::a:: z;az-e
f v = 1 8B X-100 Ye1a0 2o =
foltowing information: e
.. - N0 T Gi? 51580 +
» Type of position display (ACTL, NOML, ...} NEO 508 642 GO0 Z-3Q
e Number of the current tool T NG2 675 PRl -2 PO2 -2 PEa -18 PR3 100
¢ Tool axis P35 X+82 POS V+5Q PO7 500 +
e Spindle speed S 1o x50 vomE MO ¢
* Feedrate F
* Active M functions ACTL. +132,6878 Y  +12,5888
= “Control in operation” symbol: 3% 2 +1B8,256@ B +38.08B8B8
» “Axis is locked” symbol: - t  +sB.BBOE
s Axis can be moved with the handwheel: ®Q T 2 H 5/9
* Axes are moving in a tilted working piane: 0n | &2 g iy
* Axes are moving under a basic rotation: | - = BB

Stopwatch function Soft key
- STORE
* Store dispiaved time O
. ADD
* Show the sum of the stored time and
the displaved time O+3D
RESET
* Clear displayed time rae-.a

Fig. 1.30:  Status display in a program run mode of operation

Additional status displays

The additional status displays contain further information on the program
un.

To select additional status displays:

: )

STRTUS Set the STATUS soft key to ON.

[QEF- ON
-~ -
{ or E Shift the soft-key row.
~ ’
RESLT |
STATUS STATUS STATUS %E%TR%S ADD GB:00 :e
PGM POS. TOOL TRANSF . O+O €%

TNC 425/TNC 415 B/TNC 407
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1.4 Graphics and Status Displays

Additional status dispiay

Soft key

* General program information

* Positions and coordinates

s Toot information

Coordinate transformations

STATUS
PGM

STRTUS
POS.

STRTUS
TO0L

STATUS
COORD.
TRANSF .

General program information

FoLt smauuoe| T ES T RUN

Name of main program

N3@ DGl 053 PB1 -03 PRZ Q23 + PROGRAHS
N4@ D@1 USE Pl <06 FR2 -RIEE ¢

3813

NSE DRE 058 PQ1 «i8 «
NBT DBS 272 PQ1 +Q12 POZ +C2C »
N?2 DE3 Q¥2 POI 072 PA2 ~029 «

£ 3810

ICRLI

- Active programs

NBE2 D22 Q77 PA1 +R{7 PEZ <07 « 1 PECKING

Cycle definition

NSQ 086 Q77 PRI Q77 PE2 +027 *

35, [
N18Y 03 G?7 POL <Q77 PR2 029 = y = zgzl I DUELL

Dwell time counter

i1 DB2 0?3 PR1 «Q18 PRZ -G8 =
N12@ DGR 078 PR1 «Q78 POZ -026 +
N13@ D23 978 PR1 -078 P02 +029 «
N14D D@2 QVE PO1 +Qic PRZ -0 +
N152 D24 076 PR1 -07% PBZ +Q25 +
N180 003 Q76 PA1 ~076 PEZ +QzZ9 =
N17Q G54 M+gl Y02 Z+Q53 »

Machining time

Circle center CC (pole)

/ Type of position display

Coordinates of the axes

- START sTOP RESET
SINGLE BT START -
binlza g+ = [13] START
ays .
Positions and coordinates
PROGRAM RUN s FULL SEQUENCE TEST RUN
TBLS 571
NI2 B3@ G117 K+ Y+8 2-38 + nIsT.
NI G31 530 K+120 Y122 Zv@ ® o 2,280
v +G.0000
NI G339 T1 Ls@ R+7.5 + 2 -g.o082
. B +@.9080
N3G T! Gi7 516508 = c +2.0008
NS@ GO0 549G 632 ZeSE &
NE@ G75 PRI -2 PB2 -20 PR3 -10 POs 169
2 8 +30.0882
P@5 X+80 PRG v+52 POY 520 » L -390 @882

N7@ X-5& V+50 N3 =

I 2 sesic roTATION

Tilt angle of the working plane

{h-_\\ Display of 3 basic rotation

RCTL. +213,d815 Y -b6, 7?7787
2 +84,9838 B +38, 0088
c +96,080848
T 2 2] M 6/9
PRGE FRGE BEG 1N Ex RESTORE 0
ﬁ | @ TEXT TEXT PnSF!T| fintaa B

TNC 425/TNC 415 B/TNC 407
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1.4 Graphics and Status Displays

Tool information

MANUAL T
QPERATION

EST RUN

/

N32 09! Q53 P@l
N&E DBl 058 PQI
NS@ Dge 058 Pai
NBR D25 @72 Pl
K78 DRI 072 PR
NB@ DE2 QYY FO1
N9@ Das GY? PRl
N1QR 083 977 PO
HiiR D22 078 P21
N1ze De4 Q78 PRI
N130 DR3 978 PO1
N149 D02 276 P91
N158 DQ4 76 P!
N16D@ DRI 075 PUL

03 PE2 +023 »
+06 P82 -Q108 =
Q8 =

@12 PEZ 4026 *
Q72 PAZ <028 +
*O17 PRZ 407 @
077 P2 +Q27 =
{77 PEZ +023 »
+iB PRZ <08 »
+J78 P2 +026
QP8 PR2 +022 =
+815 PO2 Q6 »
«075 PRZ +026 »
QY6 POZ 029 «

N178 G54 X+Q1 ¥-Q2 2+053 +

TODL T 1 SCHRUPPY

—

R +12.5q9@

E E —T 256388

[+3 -@.5000 | |

o R DR2
RE +9.2680 ~B,1200
PGH

et

CUR.TIME
95113

TIMEL
ari3g

TIMERZ
gL

| ®

TOOL CRLL 1 SCHRUPPL
RT -~ 12

STRTUS
PEM

STRTUS
POS.

STRTUS

SIATUS
[}
TooL

R0 .
TRANSF -

Coordinate transformations

PROGRAM RUN
FULL SEDUENCE

TEST RUN

NG G2B X -

Ng G672 F1.81115
N9 GI8 «

NiB GRO GAg cBp
N2@ Ded 852 PR1
3@ DE1 053 PRY
N4 @1 Q56 PRY
NS@ DB 458 Pet
NG@ Des Qv2 PO1

N9@ D@d O77 PE1 s
Nige Be3 U?F P21
N11¢ 082 078 PRY

N? G?3 GSR H~13.

-1

-

Z+0Z5 M3 ®

-3 .

+03 PBZ +023 =
<GB PAZ -QiBE »

08 -

*U12 FB2 +Q26 =
NPQ 083 £72 PO1 <072 PE2 +G29 »
KBR D32 077 PO Q17 P2 <07 »

Q77 PE2 <027 &
+@P? POZ +023
+Q18 PR2 ~0E +

PROGRAMS 3813

DATUM SHIFT
X +12.5880

v +12,.588@
z

-2.kae2

ROTATION
+345 4402

@

g‘gm;m IMAGE

SCALING
+0.3a0e
«E,.B20c
-3, BeaR

1.@1115¢
1,811150

X
¥
+ z 1.811150

\
—
\

stafus | stats | satus | sTATLS
CODRC.
FGM Pos. Tom TRANST

T: Tool name and number
RT: Name and number of a replacement tool

Tool axis

[ Tool length and radi:

\ Oversizes (delts values)
\ Teool life, maximum tool life and maximum tool life

for TOOL CALL

Display of the programmed 100} and the (next)

replacement tool

/ Main program name

| Coordinates of the datum shift

Mirrored axis

Scaling factoris)

Scaling datum

I Angle of basic rotation

1-28
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1.5 Files

Programs, texts and tables are written as files
and stored in the TNC.

Fite identification:
[PROG15 | I |
|

| |

File name File type

To open a new file you must enter a file name
consisting of from one to 16 characters (letters
and numbers), depending on MP7222.

The file types are listed in the table at right.

File directory

The TNC can store up to 100 files at one time.
You can call up a directory of these programs by

Files in the TNC

Type

Programs

* in HEIDENHAIN pilain language dialog H

* in ISO format

Tables for
* Tools
+ Pallets
* Datums

Ov

Texts as
e ASCI files

Fig. 1.35:  TNC file types

Task

Mode of
operation

Call file directory
with

pressing the PGM NAME key. To delete one or Create new files
more programs, press the CL PGM key.

. . Edit files
The file directory contains the following © —
information:

Erase files

* File name
¢ File type Test files @
. File size in bytes {=characters)
* File status Execute files

Further information is shown at the top of the

Fig. 1.36:
screen:

File management functions

* Selected file storage

- TNC memory ENGRL DATUM TRABLE EDITING
- External storage over RS-232 interface e P .
- External storage over RS-422 = —
* Interface mode (e.g., FE1, EXT1 for extarnal SN :
storage) 76134 .H 1788
* File type (e.g., % .H if only HEIDENHAIN ;g}ég : 1550
. - 1482
diglog programs are shown) 29153 "H 1100
. FRESRDOR -H 452
Example: ERFE 3 I,
RS 422/EXT1: # T is displayed. This means that only |PAL1 P o
those files are shown that have the extension .T 56
and are located in an external storage device {e.g. bDb25LP S R
a PC) that is connected to the TNC over the SK5@ D a2 e
RS-422 interface (see also Chapter 8). i1y B e
JKL .A 1028
A soft key calls the file directory of an external 53 FILECS) 158804 RVTES URCANT
data storage medium. The screen is then divided PRGE PRGE | SELECT | _coPv SELECT | UINDGU
into two columns. T 1 |5 B2 & |[==E5 END
Select the file directory: Fig. 1.37:  Files are sorted alphabetically and according to
T type
WINDOW Show the file directory in one or two columns. The selected layout is

shown in the soft key.

== =]
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1.5 Files
File status
The letters in the STATUS column give the following information about the
fies:
E: File is selected in the PROGRAMMING AND EDITING operating
mods
S File is selected in the TEST RUN operating mode
M: File is selected in a program run operating mode
P: Fite is protected against editing and erasure
IN: File contains inch dimensions
W, File has been transferred to externai storage and cannot he run

Selecting a file

Call the file directory.
.
PARGE PRGE SELECT SELECT WINDOW £
== ND

Initially only HEIDENHAIN diaiog (type .H) files are shown. Other files are
shown via soft key:

SELECT Select the file type.
L TYPE

gy

8HOL ALL SHOW SHOW SHOW SHOU SHOL gHOW

S| B || D|B|D

END

SHOW ALL

Bl

Show all files.

You select z fite by moving the highlight bar:

Function Key / Soft key
* Mave the highlight bar vertically /

to the desired file

. PRGE PRGE

* Move pagewise down/up @ ﬁ

through the file directory

SELECT

* Select the highlighted file L

1-30
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1.6 Files

To copy afile:
Mode of operation; PROGRAMMING AND EDITING.

[ Call the file directory. ]
MNAME .

./

T
-
L Move the highlight bar to the file you wish to copy, for example a fite of ype .|
—~
CoPY Select the copying function.
RBC)+[KV2)
\ J
—~
(- ; — N -
DESTINATION FILE = ) B
A - A
LType the new file name into the highlight bar in the screen headline. The file type here is .| )
v T = — —

{ Copy the file. ]

To erase a file:
You can erase files in the PROGRAMMING AND EDITING operating

mode.
[ Call the file directory with CL PGM. ]
) .
PAGE PAGE DELETE SELECT | WINDOW
t | T | 0 |=E Ene

(L Move the highlight to the file you wish to delete.

e

v
DELETE Erase the file.
€ )
L ,
Protected files

A protected file (status P) cannot be erased. if you are sure you wish to

TNC 425/TNC 415 B/TNC 407 1-21
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1.5 Fies

Protecting, renaming and converting files

in the PROGRAMMING AND EDITING operating mode you can:

= convert files from one type to another
+ rename fiies .
¢ protect files against editing and erasure

( First call the program directory.
NAME
N -~
N
—
Then switch the soft-key row.
.

RENAME

e -

CONVERT

]ﬁqls END

PAGE PAGE PROTECT |UMPROTECY

1T I [De| Os

To protect a file:
[ Move the highlight to the file that you wish to protect. J

v

PROTECT Select PROTECT. The file now has status P and cannot be
D @] accidentally changed or erased. The protected file is displayed in
bright characters.

To cancel file protection:
[ Move the highlight to the file with status P whose protection you wish to remove. ]

-

UNPROTECT Select UNPROTECT.

L J

-
r * T ~
g . e e e o [ 7' N ": . . B

a a Type the code number 86357 into the highlight bar in the screen
headline.
~ ™
Cancel the file protection. The file no longer has the status P.

o A
You can now unprotect further files simply by marking them and pressing
the UNPROTECT soft key.
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1.5 Files

To rename a file:

LMove the highlight to the file that you wish to rename. T
v
RENAME Select RENAME.
p— .v.
DESTINATIONFILE= .1

ko

Type the new file name into the highlight in the screen headline. The file type cannot be changed.
— -

Rename the file.

To convert a file:

Text files (type .A) can be converted to any other type. Other types of files
can oniy be converted into ASCIl text files. They can then be edited with
the alphanumeric keyboard.

Part programs that were created with FK free contour programming
can alsc be converted to HEIDENHAIN conversational programs.

&love the highlight to the file you wish to convert. ]
-
CONVERT Select CONVERT.
ABC -=>
)
N
-
e R
CONVERT Select the new file type, here an ASCII text file (type A).
-
. J
N
'S . \
DESTINATIONFILE= LA
Type the new file name into the highlight bar in the screen headfine.
L A
—~
. Convert the file. ]
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1.5

Files

File management for files on external data media

You can erase and protect files stored on the FE 4018 floppy disk unit

from HEIDENHAIN. You can aiso format a fioppy disk from the TNC. To do

this you must first select the PROGRAMMING END EDITING mode of

operation.
E@ Call the program directory for external files.
\
PRGE PAGE TRANSFER § TRANSFER | TRAKSFER SELECT L INDOW
e ERT ) o ? END
ﬁ ﬂ TNC EXT [THC TEXT |  TVPE |
Move the highlight to the right onto the external file.
— o
WINDOW Select one-window mode.
h -
PRGE FAGE BELETE SELECT 1) INDOW
&3 == END
T | 0 | e D ===
To erase a file on the FE 401B:
[ / Move the highlight 1o the unwanted file.
i
DELETE Erase the file in the highlight.
&
To protect or unprotect a file on the FE 401B:
[ Switch to the next sofi-key row.
-
PRAGE PAGE PROTECT |UNPROTECT
] {l D@ | e T | END
To protect files, use the PROTECT soft key. To remove file protection, use
UNPROTECT. The functions for setting and removing file protection are
the same as for files stored in the TNC {see page 1-32).
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1.5 Files

To format a floppy disk in the FE 401B:

-

Switch to the next softkey row.

.
PRGE PAGE PROTECT [UNPROTECT
] 1 (DOa| DO mr) | END
' ™
Seiect the formatting function.
FMT
- ~
NAME OF DISKETTE=
eg Enter a name and start formatting with ENT.
N -
To convert and transfer files:
The CONVERT soft key is only available if the selected file is in the
memaory of the TNC, i.e. if it is displayed on the left side of the screen.
E@ Cal! the program directery of the external data medium.
L _)
g
PRGE PAGE TRANSFER | TRANSFER { TRANSFER SELECT WINDOU
TNO [EXT [ o ? —==| END
ﬂ LL THC EXT | TRC = EXT TYPE
B Switch the soft-key row.
-
e i
PAGE PAGE CONVERT
A R N END
Vs it
CONVERT Convert the file and save it on the external data medium.
pec=fv2)
L v
g
CONVERT Select the target file type, e.g. .A.
-
~”
DESTINATIONFILE=
eg @ Enter the new file name and start conversion with ENT.
L 4
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2 Manual Operation and Setup

2.1 Moving the Machine Axes

Traversing with the machine axis direction buttons

(8 » | manvaLoPERaTION | L L | }

® The axis moves as long as the corresponding axis direction button is
e.g.

held down.

You can move more than one axis at once in this way.

For continuous movement

@ ) | MANUAL OPERATION o
Press and hold the machine axis direction button, then press the
e.g. @ rmachine START button.
The axis continues to move after you release the keys.
1ogether
To stop the axis, press the machine STOP button.

.

You can only move one axis at @ time with this method.

TNC 425/TNC 415 B/TNC 407



2 Manual Operation and Setup

2.1 Moving the Machine Axes

Traversing with an electronic handwheel

u

r

@ ) | ELECTRONIC HANDWEEEL -
JINTERPOLATION FACTOR:. X= 3

b

oo (X

s 6

keyboard.

Enter the interpoiation factor (see table).

Select the axis that vou wish to move. For portable handwheels make
the selection at the handwheel; for integral handwheels, at the TNC

Now move the seiected axis with the electronic handwheel. if you are

using the portable handwheel, first press the enabling switch {on back of

handwheel).

Interpolation
factor

Traverse in mm per

revoiution

20
10

5

2B
L

1.25

0.625
0.312
0.156

= O 0|~ A]|WN=O

0

0.078
0.039
0.019

Fig. 2.1:

Interpolation factors for handwheel speed

Fig. 2.2

HR 330 electronic handwheel

The smallest programmabie mterpolatzon factor depends on the spech ic machine tool.
If 1s also possmle 0o move the axes wrch the handwheel durmg a program run (see page 5-43)

Using the HR 330 electronic handwheel

Attach the handwheel to a stee! surface with the mounting magnets such

that it cannot be operated unintentionaily.

When you remove the handwheel from its position, be careful not to
accidentally press the axis direction keys until the enabling switch is

inhibited.

When you hold the handwhe

b b

plt.'bb LIIB BiEdUlll lg bWIlLll OETOr

direction keys.

in your hand for machcne setup,

r'e you Can move the axes with

+
1

T
) ‘<

a

ou m
ax

ST
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2 Manual Operation and Setup

2.1 Moving the Machine Axes

Incremental jog positioning

distance each time you press the corresponding machine axis direction

With incremental jog positicning & machine axis moves by a preset y4
button.

3 16 X
Fig. 2.3:  Incremental jog positioning in the
X axis
@ 4 ELECTRONIC HANDWHEEL
INTERPOLATION FACTOR: X= 4
@ Select incremental jog positioning.
\ ~
{ R .
ELECTRONIC HANDWHEEL
- JOG INCREMENT: 4 $
- b A
e a Enter the jog increment (here, 8 mm).
® Press the machine axis directicn button as often as desired.
e.q.
@ * |ncremental jog 'positiéning must be enabled by the machine manufacturer.
+ The machine manufacturer determines whether the interpolation factor for each axis is set at the keyboard or

with a step switch.

Positioning with manual data input (MDI)

@ Machine axis movemnent can also be programmed in the $MDI file (see page 5-44).

Since the programmed movements are s‘ﬁorec_l in memory, you can recall
themn and run them afterward as often as desired.
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2 Manual Operation and Setup

2.2 Spindle Speed S, Feed Rate F and Miscellaneous Functions M

These are the soft keys in the MANUAL QPERATION and ELECTRONIC
HANDWHEEL modes:

M S TOUCH DATUM 30 ROT TOOL
PROBE SET @ TABLE
With these functions and with the override knobs on the TNC keyboard
you can change and enter: ©
+ misceilaneous functions M COCOCOoOen
*+ spindle speed $ COocoogocec
* feed rate F {only via override knob} cooocooog
These functions are entered directly in a part program in the JoCooopcoo
PROGRAMMING AND EDITING mode.
S% =
— w(@m L0 O
:‘T> -0 0 O
. pDOoCC O
LF—-%—_—:> « = U0c O
lO S WF %

Fig. 2.4: Knobs for spincle speed and feed
rate overrides

To enter the spindle speed S:

Select S for spindle speed.
S
J
-
SPINDLE SPEED § = '
nnm n Enter the desired spindle speed (for exampie, 1600 rpm).
Press the machine START button to confirm the entered spindle
@ speed.

The spindle speed S with the entered rpm is started with a miscellaneous
function M.

TNC 425/TNC 415 B/TNC 407 2-5



2 Manual Operation and Setup

2.2 Spindle Speed S, Feed Rate F and Miscellaneous Functions M

To enter a miscellaneous function M:

' at

M Select M for miscellaneous function.

A o

g

s " . ~\

MISCELLANEOUS FUNCTION M

B Enter the miscellaneous function (for example, M6).
2.9

@ Press the START button to activate the miscellaneous function.

It
1

b

N o~

See Chapter 11 for a list of the miscellanecus functions.

To change the spindie speed S:

Turn the knob for spindle speed override:

100
5050 You can vary the spindle speed from 0% to 150% of the last entered

value.
OOS% alue

@ The-kndb for spindie speed override is effective only on machines with a stepless spindie drive.

To change the feed rate F:

In the MANUAL OPERATION mode the feed rate is set by a machine
parameter.

100 Turn the knob for feed rate override.

“ @ You can vary the feed rate from 0% to 150% of the set value.
150
Wi

F%

0
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2 Manual Operation and Setup

2.3 Setting the Datum Without a 3D Touch Probe

You fix 2 datum by setting the TNC position display to the coordinatas of a
known point on the workpiece. The fastest, easiest and most accurate
way of setting the datum is by using a 3D touch probe from HEIDENHAIN
(see page 2-14).

To prepare the TNC:

[ Ciamp and align the workpiece. J
.l

[ Insert the zero tool with known radius into the spindie. ]
o

{ @ or @ Select the MANUAL OPERATION or ELECTRONIC HANDWHEEL }

maode.,

e,

[ Ensure that the TNC is showing the actual vaiuss (see page 10-9). J

Setting the datum in the tool axis

@ Fragile workpiece? ) _
If the workpiece surface must not be scratched, Z ‘ Z A
you can lay a metal shim of known thickness .
on it. Then enter a tool axis datum value that is
larger than desired datum by the value d.

g o1

Fig. 2.8:  Workpiece setting in the tool axis; right, with protective shim

[ Move the too! until it touches the workpiece surface. ]
. -
eg. | Z Select the ool axis.
v
.~ ™
ELECTRONIC HANDWHEEL Sedfect datum setting.
onky:
DATUM
SET
>
£ Ty
es a Zero tool. Set the display to Z = 0 or enter the thickness d of the shim.
Praset tool: Set the display to the length L of the tool,
e.g.am (hereZ=560mmorenterthesumZ =L +d
L o
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2 Manual Operation and Setup

2.3 Setfing the Datum Without a 30 Touch Probe

To set the datum in the working plane:

Fig.2.6:  Setting the datum in the working plane; plan view (upper

right)

[ Move the zero tool until it touches the side of the workpiece.

g
@ Select the axis.
eg. J
~ -~
-
ELECTRONIC HANDWHEEL Select datum setting.
only:
DATUM
SET
J
~
— . Enter the position of the tool center {here, X = 5 mm) including the
e.q. I+ ! sign.

Repeat the process for all axes in the working plane.

@ The exact dizlog for datum-setting depends ‘on machine parameters MP 7295 and MP 7296 (see page 11-10).

28
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2 Manual Operatior and Setup

2.4 3D Touch Probes

3D Touch probe applications

Your TNC supports a HEIDENHAIN 3D touch probe.
Typical applicaticns for touch probes:

* Compensating misaligned workpieces (basic

rotation)
¢ Datum setting
* Measuring:

- tengths and workpiece positions

- angles
- radii
- circle centers

¢ Measurements during program run

* Digitizing 3D surfaces

@ The TNC must be specsally prepared by the ;

Fig. 2.7: 3D touch probe model TS 120

i ne tool buuider for the use of a 3D ‘touch probe Tyou VVISh 16

make Tneasurements-guring program run; €7 t:re“thatme tool data“ﬂength rad:us axrs) arer taken thermm the '

: cahbrated data or from the tastii' OOE CAL ble

After you press the machine START button, the touch probe begins
executing the selected probing function. The machine manufacturer sets
the feed rate F at which the probe approaches the workpiece. When the
touch probe contacts the workpiece, it

o transmits a signal to the TNC (the coordinates of the probed position

are stored),
¢ stops moving, and

o returns to its starting position at rapid traverse.

If the stylus is not deflected within the distance defined
in MP 6130, the TNC displays an error message.

To select the touch probe functions:

by

a

%J’ ¥~

Fig.2.8:  Feed rates during probing

(8 » [ manvar opEraTION

or

@ »| mecrromcEaNDWEEEL

TOUCH
PROBE

Select the touch probe functions.

.

CAL L CAL R

| ®

PROBING

(-)oe

PROBING | PRDEING | PROBING

END
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2 Manual Operation and Setup

2.4 3D Touch Probes

Calibrating the 3D touch probe

The touch probe must be calibrated in the following cases:

for commissioning

gfter stylus breakage

when the stylus is changed

when the probing feed rate is changed

in the case of irregularities, such as those resulting from warming
of the machine.

During calibration, the TNC finds the “effective” length of the stylus and
the “effective” radius of the ball tip. To calibrate the touch probe, clamp a
ring gauge of known height and known inside radius to the machine table.

To calibrate the effective length:
Fig. 2.9: Calibrating the touch probe length

Set the datum in the tool axis such that for the machine tool table, Z=0.

CAL L Select the calibration function for the touch probe length.
——
v —
MANUAL OFPERATION
Z+ Z-
TOOL AXIS = z
eg. @ If necessary, enter the to0l axis.
Move the highlight to DATUM.
eg Enter the height of the ring gauge (here, 5 mm).
\ P—
~
o - h
[ Move the fouch probe to a position just above the ring gauge.
g
- A
or if necessary, change the displayed traverse direction.
-
p N
@ The touch probe contacts the upper surface of the ring gauge. |
B
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2.4 3D Touch Probes

To calibrate the effective radius
Position the bali tip in the bore hole of the ring gauge.

Compensating center misalignment

After the touch probe is inserted it normally needs 10 be exactly aligned
with the spindle axis. The misalignment is measured with this calibration
function and automatically compensated electronically.

For this operation the 3D touch probe is rotated by 180°. The rotation is
initigted by a miscelianeous function that is set by the machine tool builder
in the machine parameter MP 8160.

The center misalignment is measured after the effective ball tip radius is
calibrated.

Fig.2.10: Calibrating the touch probe radius
and determining center
misalignment

-
CAL R Select the calibrating function for the ball-tip radius and the touch

probe center misalignment.

-

MANUAL OPERATION

X+ X~ Y+ Y-

TOOLAXIS = Z

RADIUS RING GAUGE =0

ax the effective ball-tip radius is stored.

The touch probe contacts a pesition on the bore in each axis direction;

(4

18@8°

END

Determine the ball-tip center misalignment (or terminate the calibra-
tion function with END): rotate the touch probe by 180°.

4x

O

The touch probe contacts one position on the bore hole for each axis
direction; the touch probe cenier misalignment is stored.

TNC 425/TNC 415 B/TNC 407
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2 Manual Cperation and Setup

2.4 3D Touch Probes

Displaying calibration values MRNUAL OPERBTION PRCSRRING
x_ Y+ Y_ AND EDITING

The effective length and radius of the 3D touch
probe are stored in the TNC for use when the touch
probe is needed again. You can display the values
on the screen with the soft keys CALL and CAL R. TooL AX1S =H

RADIUS RING GAUGE =25
EFFECT.PROBE RADIUS =2,9988
EFFECTIVE LENGTH =+12,7838
STYLUS TIP CENTER OFSET X=+8,8851
STYLUS TIP CENTER OFSET Y=+8,88823

ACTL. % +25,3684 ¥ -258,3688
H -25,00e8 8 +331,8000
c +12,58880
T He M 5/8
END

Fig.2.11: Menu for touch probe radius and center misalignr

Compensating workpiece misalignment

The TNC electronically compensates workpiece
misalignment by computing a *basic rotation”. ‘ ‘
You set the rotation angle to the desired angle in
respect to the reference axis in the working piane
(see page 1-12).

Y

Fig.2.12: Basic rotation of a workpiece, probing procedure for
compensation (right). The broken line is the nominal
position, the angle His being compensated.

L

[ PROBING  Press the PROBING ROT soft key.
|<z roT
) ~ ‘
eg. a Enter the nominal value of the rotation angle.
-

[ Move the ball tip (4] to a starting position near the first touch point (7).
-
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Manual Operation and Setup

2.4 3D Touch Probes

Select the probe direction.

N

Probe the workpiece.

.

[ Move the ball tip (B) t

0 a starting position near the second touch point (2).

Probe the workpiece.

N I

A basic rotation is kept in non-volatile storage and is effective for ali
subsequent prograrm runs and graphic simuiaticon.

Displaying basic rotation

The angle of the basic rotation appears afier
ROTATION ANGLE whenever PROBING ROT is
selected. It is also shown in the additional status
display (see page 1-22} under ROTATION.

in the status display, a symbol is shown for a basic
rotation whenever the TNC is moving the axes
according to a basic rotation.

MANURL OPERATION ::gégg';;ﬁ

K= ¥+ ¥-

ROTATION ANGLE =CRFMENEEE

AcCTL. X +25,3684 Y -258.3608
-25,e008 B +331,0888
C +12,5888

T e % 5/9

END

To cancel a basic rotation:

Fig. 2.13: Displaying the angle of zn active basic rotation,

Select the probing function with the soft key PROBING ROT.

Set the rotaticn angle to 0.

Terminate the probing function.

TNC 425/TNC 415 B/TNC 407
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2 Manuzl Cperation and Setup

2.5 Setting the Datum with a 3D Touch Probe

The following functions are available for setting the datum on an aligned
workpiece:

+ Datum setting in any axis with PROBING POS
* Defining a corner as datum with PROBING P
+ Setting the datum at a circle center with PROBING CC

To set the datum in any axis:

Fig. 2.14:  Probing for the daturn in the Z axis

PROBING Select the probing function with the soft key PROBING POS.
- PS8
-~
[ Move the touch probe to a position near the touch point. J
v
X+ X- Y+ Y- Z+ Z-
or Select the probe axis and direction in which you wish to set the datum,
L such as Z in direction Z-. )

Probe the workpiece.

(O

eg. a ENT Enter the nominal coordinate of the datum.
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2 Manua! Operation and Setup

2.5 Setiing the Datum with a 3D Touch Probe

Corner as datum

P
o

X=?

Fig. 2.15; Probing procedure for finding coordinates of corner P

PROBING Select the probing function with the soft key PROBING P.

pl

.

To use the points that were already probed for a basic rotation:

TOUCH POINYS OF BASIC ROTATION?

Transfer the touch point coordinates 1o memory.,
A
N
Move the touch probe to a starting position near the first touch point of the side that was not probed for basic
rotation.
L vy

¢

-

X+ X- Y+ Y-

or Select the probe direction.

Probe the workpiece.

A

L

(O

LMove the touch probe to a position near the second touch point on the same side. ]

-

Probe the workpiece.

(O

DATUM

Enter the first coordinate of the datum point (for example, in the X
axis).

@
o
H
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2 Manual Operation and Setup

2.5 Setting the Datum with a 3D Touch Probe

'd N
Select the second coordinate.

A" "

B
e,g,m et Enter the second coordinate of the datum (for example, in the Y axis). f
\
N
Terminate the probing function. ‘

If you do not wish to use the points that were already probed for a basic rotation:

TOUCHPODITSOFBASICROTATIQ&‘E?."f'. ' ' " ST e

\Ef Ignore the previous touch point coordinates.
ENT

.

[ Probe both workpiece sides twice each.

-

[ Enter the coordinates of the datum.
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2 Manual Operation and Setup

2.5 Setting the Datum with 3D Touch Probe

Circle center as datum

With this function you can set the datum at the center of bore holes,
circular pockets, cylinders, journals, circular islands, etc.

PROBING Select the probing function with the soft key PROBING CC.
cc :
Inside circle
The TNC automatically probes the inside wall in all four coordinate axis Y ‘

directions.

For incomplete circles (circular arcs) you can choose the appropriste
probing directions.

@ -

X

Fig. 2.16: Probing the inside of a cylindrical
surface 1o find the center

[ Move the touch probe 1o a position approximately in the center of the circle. ]
v
X+ X- Y+ Y-
@ The probe touches four points on the inside of the circle.
4x
S
g
DATUM . = LT
eg n Enter the first coordinate of the datum (for example, in the X axis).
. J
e ~
' Select the second coordinate.
o /
v
' N
DATUM : _
A - - A
co K n Enter the second coordinate of the datum (for example, in the Y axis).
. J
v
[ ™y
@ Terminate the probing function.
\ v
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2 Manual Operation and Setup

2.5 Setting the Datum with a 3D Touch Probe

Outside circle

Fig. 2.17: Probing the outside of a ¢ylindrical
surface to find the center

[ Move the touch probe to the starting position near the first touch point {7/ outside of the circle. ]
v
X+ X- Y+ Y-
- A
or Select the probing direction.

Prche the workpiece.

(OH

[ Repeat the probing process for points 2, 3 and 4 (see ilustration). ]

{

[ Enter the coordinates of the datum.

After the probing procedure is completed, the TNC displays the
coordinates of the circie center and the circle radius PR.
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2 Manua! Operation and Setup

2.5 Setting the Datum with a 3D Touch Probe

Setting datum points over holes MANUAL DPERATION [FeoGRa NG

ANC EOITINS

A second soft-key row provides soft keys for using
holes to set datums.

The touch probe is used in the same way as in the
‘circie center as datum” function (see page 2-16).
First pre-position it in the approximate center of a
hole, then press the machine START button to
automatically probe four points in the hole.

Move the touch probe 1o the next hole and have

: . ACTL. X  +25,3684 Y -258,36080
the TNC repeat the probing procedure until all the -25. 8068 B +335 0888
holes have been probed to set datums. c +12.,5884
T g M 5/%
— i S—

PROBING PROBING PROBING
éc ROT N etee END
P . &

Fig.2.18: Second soft-key row for TOUCH PROBE

Function Soft key
* Basic rotation from 2 hoies PROB ING
The TNC measures the angle between the line ROT
connecting the centers ¢f two holes and a
nominal angular position {angle reference axis).
* Datum from 4 holes PROBING
The TNC calculates the intersection of the line
connecting the first two probed holes with the P

iine connecting the last two probed holes. If
a basic rotation was aiready made from the
first two holes, these holes do not need to be

probed again.

¢ Circle center from 3 holes PROBING
The TNC calculates a circle that intersects the é_:ﬁ} ce
centers of all three holes, and finds the center. .

TNC 425/TNC 415 B/TNC 407 2-18



2 Manual Operation and Setup

2.6 Measuring with a 3D Touch Probe

With a 3D touch probe you can determine

* position coordinates, and from them,
¢ dimensions and angies on the workpiece.

To find the coordinates of a position on an aligned workpiece:

PROBING Select the probing function with the soft key PROBING PCS.
-] POS
-
[ Move the touch probe tc a position near the touch point. ]

oF a Select the probe direction and axis of the coordinate.

Probe the workpiece.

The TNC shows the coordinates of the touch point as DATUM.

Finding the coordinates of a corner in the working plane

Find the coordinates of the corner point as described under "Corner as
datum’. The TNC dispiays the coordinates of the probed corner as
DATUM.

220 : TNC 425/TNC 415 B/TNC 407



2 Manual Operation and Setup

2.6 Measuring with a 3D Touch Probe

Measuring workpiece dimensions

Fig.2.19:  Measuring lengths with the 3D
touch probe

PROBING Select the probing function with the soft key PROBING POS.
— POS

{

Move the touch prabe to a position near the first touch point (7). J

{

e

X+ X- Y+ Y- Z+ Z-

or Select the probing direction with the cursor keys.

Probe the workpiece.

(OH

L )
{ if you will need the current deturn later, write down the value that appears in the DATUM display. ]
v
DATUM :
m Set the DATUM to 0.
ENT
\ ™
2o Terminate the dialog.
A —
-
d ™
PROB ING Select the probe function again with the soft key PROBING POS.
I POS
N v_ v,
( Move the touch probe to a position near the second touch point (2), ]
-~
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Manuzl Operation and Setup

2€& Measuring with a 3D Touch Probe

X+ X- Y+ Y- Z+ Z-

or Select the probe direction with the cursor keys — same axis as for 7.

Probe the workpiece.

&

.

The value displayed as DATUM is the distance between the two peints.

To return to the datum that was active before the iength measurement:

PEOBING Select the probing function with the soft key PROBING POS.

— POS

.

Prebe the first touch point again.

.

[ Set the DATUM to the value that you wrote down previously.
~
t @ Terminate the dialog.

Measuring angles

You can aiso use the touch probe to measure angles in the working plane.
You can measure

= the angle between the angle reference axis and a workpiece side, or
* the angle between two sides.

The measured angle is displayed as a vaiue of maximum 90°.

To find the angle between the angle reference axis and a side of the workpiece:

-

PROBING Select the probing function with the soft key PROBING ROT.
<% =et
) -~
ROTATION ANGLE
If you wiil need the current basic rotation later, write down the vaiue that appears under ROTATION ANGLE.

.

.

[ Make a basic rotation with the side of the workpiece (see section "Compensating workpiece misalignment'}.

. i

2-22
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2.8 Measuring with a 3D Touch Probe

PROBING Display the angle between the angle reference axis and the side of
IQ ROT the workpiece as the ROTATION ANGLE.
A v ) s

Cancel the basic rotation.

[ T —— s —— — — — — — — —— — ———— — — — A, d prrr W S — — — — — ki bbb, e, e mmppn =]

To restore the previous basic rotation:
Set the ROTATION ANGLE to the value you wrote down previously.

To measure the angie between two sides of a workpiece;

Fig. 2.20: Measuring the angle between two
sides of a workpiece

f Ty
PROBING Select the probing function with the PROBING ROT soft key.
|2 rot
-
ROTATION ANGLE o L - '
tf you will need the current basic rotation later, write down the value that appears under ROTATION ANGLE.
w
~~
[ Make a basic rotation for the first side {see "Compensating workpiece misalignment’). j
-
[ Probe the second side as for a basic rotation, but do not set the ROCTATION ANGLE to zero! J
~
PROB ING The angle PA between the two sides appears under ROTATION
IQ e0T ANGLE.
— N

Cancel the basic rotation.
To restore the previous basic rotation:
Set the ROTATION ANGLE to the value you wrote down previously.
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2.7 Tilting the Working Plane {(not on TNC 407)

The TNC supports machine tools with swivel heads and/or swivel tables.

The program is written as usual in a main plane (such as the X/Y plane) but
is executed in a plane that is tilted relative to the main plane.

Typical appiications for this function:

* (Obligue holes
» Contours in an oblique plane

The tilting feature is a coordinate transformation. The Z axis remains
parailel to the tool axis and the X/Y plane is perpendicular 1o the too] axis.

On machines with swivel tables the position of the toel axis relative to the
machine coordinate system does not change. The coordinate system is
not tilted: the slant of the working piane is compensated by tilting the
tabie.

On machines with swivel heads, however, the coordinate system does
change. The slant of the working plane is compensated by tilting the
coordinate system.

[n order to run a program in a tifted piane, the tool must first be pre-
positioned in a conventional way — for example wiih a GO0 block.

Traversing reference points with tilted axes

When axes are tiited, the reference points are traversed by pressing the
machine axis direction buttons. The TNC interpolates the tilted axes. Make
sure that the tilting function is active in the manual operating mode and
that the actual angle value of the tilted axis was entered in the menu

(see page 2-26).

Setting the datum in a tilted coordinate system

After you have positioned the tilted axes, set the datum in the same way
as for non-tilted axes: either manually by touching the workpiece with the
tool (see page 2-7), or — much more easily - by allowing the part program
to autormatically set the datum with the aid of the HEIDENHAIN 3D touch
probe (see page 2-14).

The TNC then converts the datum for the tilted coordinate system. The
angular values for this caiculation are taken from the menu for manual
tilting, regardless of whether the tilting function is active or not.

Position display in the tilted system

The positions dispiayed in the status window (NOML and ACTL} are in the
iiited coordinate system.

2-24
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2.7 Tilting the Working Plane (not on TNC 407)

Limitations on working with the tilting function
* The touch probe function BASIC ROTATION cannot be used.

s PLC positioning (determined by the machine tool buiider) is not
possible.

* When combining coordinate transformation cycles, you can use a
procedure such as the following to activate them:

1. Activate gatum shift
2. Activate tilting function
3. Activate rotaticn

Use the reverse procedure for resetting. The cycle that was last
defined is reset first, e.g.:

1. Activate rotation
2. Activate tilting function
3. Reset datum shift

TNC 425/TNC 415 B/TNC 407 2-25



2 Manual Operation and Setup

2.7 Tilting the Working Plane (not on TNC 407)

To activate manual tilting:

P ™
30 ROT Select menu for manual titting.
\ N "
v
-

or Select the tilt axis.
g
[ eg. n Enter the tilt angle {for example, 45°) ]
e

Set TILT WORKING PLANE to ACTIVE.

ENT

~ -
r ™
Terminate input.
END
" J

A symbol for the tilted piane is shown in the status dispiay
whenever the TNC is moving the machines axes in the

tilted plane.
To reset: MANUAL OPERATION ' PROGRRHING
BKRD EDITING
Set TILT WORKING PLANE to INACTIVE.
TILT WORKING PLRNE
PROGRAM RUN:
MANUAL CPERARTION ACTIVE
B = +12,5 -
£ = +38 ¢
ACTL. X +65,5792 Y -21,5938
+114,4984 B +12,5008
c +92,8806
T @ e M 5/%
END

Fig.2.21:  Menu for manual tiliing in the MANUAL
OPERATION mode
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3 Test Run and Program Run

3.1

3.2

3.3

3.4

B =2 2 T T RO "
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Testing and Running Long Programs..........c.ccccvivcccccmncennnccinssannen 3= 11




3

Test Run and Program Run

3.1 Test Run

In the TEST RUN mode of operation the TNC checks programs and
program sections for the following errors without moving the machine
axes:

» Geometrical incompatibilities
+ Missing data
¢ Impossible jumps

The foliowing functions can be used in the TEST RUN operating mode:

Blockwise test run

Interrupt test at any block

Block skip

Blockwise transfer of very long programs from externai storage media
Graphic simuiation

Measurement of machining time

Additional status display

* & 8 @ & ¢ 0

To run a program test;

-

o s

Select the program in the file directory.

-
GoTo m o Go to the beginning of the program.
=
—
Function Soft key
* Test the entire program START
) START
» Test each program block individualiy SIPSLE
RESET
= Show the blank form and test the entire +
program START
= Interrupt the test run sTOP

32
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Test Run and Program Run

3.1

Test Run

To run a program test up to a certain block:

With the STOP AT N function the TNC does a test run up to the block with

block number N,

[ Select the TEST RUN mode and go to the program beginning.

-
STOP Select a partial test run.
AT
H
” — - r N?@ DR Q18 PR +20
, . . ) L N NER TDR QB PR: <2 =
STOPAT: .- - N =
. . . o 1 |stop = N - EEFER
: . . s ’ 2. | |Preran - 3§15.1
PROGRAM o = o) feePETiTiONS - 1
REPETTTIONS - = = s REEAr

-

e.g- a =

Enter the block number N at which you wish the test to stop.
Enter the name of the program that contains the block with block
nurnber N.

If N is iocated in a program section repetition, enter the number of
repetitions that you wish to run.

Test the program up to the entered block.

The display functions for test run

In the TEST RUN operating mode the TNC offers functions for dispiaying a

prograrm in pages.

Shift the soft-key row,

B -0
g

PAGE /1]
ﬁ 7 ON
Function Soft key
PAGE
* Go back in the program by one screen ﬂ
page
PRAGE
* Go forward in the program by one screen ﬁ
page
BEGIN
* (o 1o the beginning of the program TEXT
END
* (5o to the end of the program TEXT
33
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3 Test Run and Program Run

3.2 Program Run

In the PROGRAM RUN / FULL SEQUENCE mode of operation the TNC
executes & part program continuously to its end or up to a program stop.

in the PROGRAM RUN / SINGLE BLOCK mode of operation you must
start each block separately by pressing the machine START BUTTON.

The following functions can be used during a program run:

Interrupt program run
Start program run from a certain block
Blockwise transfer of very long programs from external storage
Block skip
Editing and using the tool table TOOL.T
Checking/changing Q parameters
Graphic simulation

Additional status display

To run a part program:

+ Clamp the workpiece to the machine table.
* Set the datum.
+ Select the necessary tables and pallet files.

-

) | PrOGRAMERUN/ S}NGLEBLOCK

or

b | PROGRAM RUN/ FULL SEQUENCE

Select the part program and the necessary tables and pallet files in the file directory.

Go to the first block of the program.

-
& O IED
0

-

—

O,

Run the part program.

g

N

Only in mode
PROGRAM RUN/
SINGLE BLOCK

©

for each block

Run each block of the part program separately.

@ Feed rate and-spindle speed can be.éhanged:;&ﬁh the overtide knobs. You can superimpose handwheel positioning

‘onto programmed axis movements dufigg§prfe_g[am— run (see page 543). _
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3 Test Run and Program Run

3.2 Program Run

Interrupting machining

There are various ways 1o interrupt 2 program run:

* Programmed interruptions
* Machine STOP key )
= Switching to PROGRAM RUN / SINGLE BLOCK

If the TNC registers an error during program run, it autornatically
interrupts the machining process.

Programmed interruptions

[nterruptions can be programmed directly in the part program. The part
program is interrupted at a block containing one of the following entries:

+ (338
+ Misceilaneous function MO, MO2 or M30
* Miscellanecus function MO6 (determined by the machine tool builder)

To interrupt or abort machining immediately:
The block which the TNC is currently executing is not cornpleted.

Interrupt machining.

The # symbol in the status display blinks.

Program run can be aborted with the INTERNAL STOP tunction.

INTERNAL Abort machining.
STOP

The % symbol in the status display goes out.

To interrupt machining at the end of the current block:

You can interrupt the program run at the end of the current biock by
switching to the PROGRAM RUN / SINGLE BLOCK mode.

F . Select PROGRAM RUN / SINGLE BLOCK.
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3  Test Run and Program Run

3.2 Program Run

Moving machine axes during an interruption

You can move the machine axes during a program interruption in the
same way as in the MANUAL OPERATION mode. Simply enable the
machine axis direction buttons by pressing the MANUAL OPERATION
soft key.

Example: retracting the spindle after tool breakage

I ™
interrupt machining,

k ”
v

o~ g Y
MANUAL Enabie the machine axis direction buttons.

OPERATION

\ vy
-

-~ ™
Move the axes with the machine axis direction buttons.

e.g.
A v

@ On some: machmes you- may have tc:» F
to enabie the ax;s cﬁrectron buttons -

Resuming program run after an interruption

When a program run is interrupted, the TNC stores:

The data of the last tool called

Active coordinate transformations

The coordinates of the last defined circle center
The count of a running program section repetition
* The number of the last CALL LBL block

The stored data are used for retuming the tool to the contour after manual
machine axis positioning during an interruption (RESTORE POSITION),

The TNC recaiculates these data for resuming program run at a certain
block {(RESTORE POS AT N).

Resuming program run with the START button

You can resume program run by pressing the START button if the program
was interrupted in one of the foliowing ways:

+ The machine STOP button was pressed
* A pregrammed interruption
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3 Test Run and Program Run

3.2 Program Run

Resuming program run after an error

* 1 the error message is not blinking:

-
Remove the cause of the error.

-
[ Clear the error message from the screen.
—

[ Restart the program, or resume program run at the place at which it was interrupted.

~ \_J S

» If the error message is blinking:

Switch off the TNC and the machine.

‘v

Rernove the cause of the error.

.

ﬁ

Start again.

+ If you cannot correct the error:

[ Write down the error message and contact your repair service agency.

TNC 425/TNC 415 B/TNC 407
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Test Run and Program Run

3.2 Program Run

Mid-program startup

With the RESTORE POS AT N feature (block scan} you can start a part
program at any desired block. The TNC scans the program blocks up to
that point. Machining can be graphicaily simulated.

If a part program has been interrupted with an INTERNAL STOP, the TNC
autornatically offers the interrupted block N for mid-program startup.

g{f} ‘s The RESTORE POS AT N featire rn'u"sc bé‘"en'abiéd by the machine tool builder.

* Mid-program startup must not begin-in-a subprogram.
* Ail necessary programs, tables and pailet i Ies rnust be selected in a program run

made of operation.

* |f the part program:- cohtams a programmed mterruptuon before the startup block, the '
. block scan is interrupted. Press the machine START button to continue the block: snn
+ Aftera block scan, return the toof to the w!culated posmon with RESTORE

POS]TION
/ )
a Go to the first block of the current program 1o start a block scan.
N
N
[ gggmg% Select mid-program startup.
|
: v { gwg 11 wir Tioow @
START-UP AT: N = ——
) . PROGRRM = 3605.1
- T ’ B REPETITIONS -1
PROGRAM = .
ACTL. +132,6¢
REPETITIONS = - 7 +1BR.2E

T
- 0000

Enter the block number N at which the block scan should end.

Enter the narme of the program containing the block N.

If block N is located in a program section repetition, enter the number
of repetitions 1o be calculated in the block scan.

&8 ﬂ
L >

Start the biock scan.

®

RESTORE
POSITION

Return 1o the contour (see next page}.

38
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3 Test Run and Program Run

3.2 Program Run

Returning to the contour

With the RESTORE POSITION function, the TNC returns the tool to the
workpiece contour in the following situations:

= Return to contour after the machine axes were moved during a
program interruption
* Return to the position that was calculated for mid-program startup

-~

RESTORE Select a return to contour.
POSITION
) >~
[ POSIT. , Move the axes in the sequence that the TNC proposes on the screen.
LOGIC @

RESTORE @
Z )
@

Move the axes in any sequence.

RESTORE
b
) ™
[ Resume machining.
®
J
38
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3 TestRun and Program Run

3.3 Optional Block Skip

In a test run or program run, the TNC can skip over blocks that you have
pregrammed with a slash ().

|

B-8
.

Shift the soft-key row.

J

PAGE -0
ﬁ [OFF]~ ON

-~
[OFE~ ON

Run the program withfwithout biacks preceded by a slash.

310
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3 Test Run and Program Run

3.4 Blockwise Transfer: Testing and Running Long Programs

Part programs that occupy more memory than the rhoceam RN I TEST RUN
TNC provides can be "drip fed" block by block from FILE NRHE - CRSMWSP.
an external storage devics. RS232/FEL: m.H
e ——— e LN s LA T
; B
During program run, the TNC transfers program 1 H : :
blocks from a floppy disk unit or PC through its data 1g H .
interface, and erases them after execution. This 1111 HOo
frees up memory space for new blocks. {Coordinate 115 .H
transformations remain active even when the cycle 123 SH
definition has been deleted.) 222456 g !
- 2
22742882 Ho s
To prepare for blockwise transfer: 300 JH
* Prepare the data interface. 3588 HO
* Configure the data interface with the MOD 3581 SHO
function BS-232/422-SETUP {see page 10-4). 56 FILECS) 699 SECTORS VRCANTI
* If you wish to transfer a part program from a ,—m@s TS : sa@fﬁ" END
PC, interface the TNC and PC (see pages £
9-5 and 11-3). Fig.3.1:  TNC screen during blockwise transfer

* Ensure that the transferred program meets the

following requirements:

- The highest block number must not exceed 99999999, The biock
numbers, however, can be repeated as often as necessary.

- The program must not contain subprograms.

- The program must not contain program section repeats.

- All programs that are called from the transferred program must be
selected (Status M).

b pmosmas o smvove suock.
qE

E@ Show directory of fites in external storage.
The soft-key row shifts.
P
[ Select the program. ]
" -~
[ SELECT Start data transfer.
»
v

PROGRAM RUN: Execute the program blocks.

TEST RUN: Test the program blocks.
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3 Test Run and Program Run

3.4 Biockwise Transfer: Testing and Running Long Programs

Jumping over blocks

The TNC can jump over blocks to begin transfer at any desired block.
These blocks are then ignored during a program run or test run.

[ Select the program and start data transfer. ' ' ]
naa - Go to the block number at which you wish to begin data transfer, for
L L exampte 150. )
( g )
PROGRAM RUN: Execute the transferred blocks, starting with the block nurnber that
you entered.
TEST RUN Test the transferred blocks, starting with the block number that you
entered.
START

. @ | startup (seepage 3—8)

You can use machine parameters (see page} 1
- This:prevents: the transferted program ﬁ'om ﬁlimg ‘the program memory and d:sabimg the background programmung
'feature ) .
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4 Prograrnming

4 Programming
In the PROGRAMMING AND EDITING mode of
operation {see page 1-25) you can

s create new files
* edit existing files

This chapter describes the basic functions and inputs that do not yet

cause machine axis movement. The entry of geometry for workpiece
machining is described in the next chapter.

4.1 Creating Part Programs

Layout of a program
. o Program block:
A part program consists of individual program :
blocks. The TNC numbers the blocks in ascending
sequence. The biock number increment is defined N10 GO0 G40 (90 X+100 Y+20 M3
in MP 7220 (see page 11-7). Program blocks consist | /
of units of information called words. | /
Path /
function -
Block Words
number
_

Fig.41:  Program blocks consist of words of specific information

Function Key

» Continue dialog

* lgnore dialog question

s End block

DEL

m oz o

« Delete block / delete word
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4 Programming

4.1 Creating Part Programs

Editing functions
Editing means entering, adding to or changing commands in programs.
The TNC enables you to

Enter data with the keyboard

Select desired blocks and words

Insert and erase blocks and words

Correct wrong values and commands
Easily clear TNC messages from the screen

* & & &

Types of inputs

Numbers, coordinate axes and radius compensation are entered directly
by keyboard. You can set the aigebraic sign either before, during or after a
numerical entry. :

Selecting blocks and words

* To call 2 block with a certain biock number:

eg. a The highiight jumps to block number 10. : ]

* To move one block forwards or backwards:

or Press the vertical cursor keys. ]

* To select individual words in a block:

( or Press the horizontal cursor keys.
L .

¢ To find the same word in other blocks:

[ or a Select the word in the block. ]
v
L or Display the same word in other blocks. J

Inserting blocks

* New program blocks can be inserted behind any existing block
{except behind the N99992 block):

{ or / Select the block. . }
.
{ @ &8 B “ Program new block. J
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4  Programming

4.1 Creating Part Programs

Editing and inserting words

Highlighted words can be changed a5 desired — simnply overwrite the
old value with the new one, After entering the new information, press a
horizontal cursor key or the END key to confirm the change.

In zddition to changing the existing words in a biock, you can also
add new words, Use the horizontal cursor keys to move the highlight 1o
the block you wish 1o add words to.

Erasing blocks and words

Function Key

* Set the hightighted number 10 0 E

* Erase an incorrect number CE

« Clear a non-blinking error message CE

E 868

+ Delete the selected word

* Delete the selected block e

¢ Erase program sections: DEL

0 o

First select the last block of the
prograrn section to be erased.
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4 Programming

4.2 Tools

Each tool is identified by a number.
The tool data, consisting of the

* jength L
s racius R

are assigned to the too! number,

The tool data can be entered

* into the individual part program in 2 G99 block, or

* once for each tool into @ common tool table that is stored as a

type T file.

Once & too! is defined, the TNC associates its dimensions with the tool
number and accounts for thern when executing positioning blocks.

The way the tool is used is influenced by several miscellaneous functions
(see page 11-16).

Setting the tool data
Tool numbers

Each too! is identified by a number between 0 and 254.

When the tool data are entered into the program, too! number O is auto-
maticelly defined as having length L = 0 and radius R = 0. In tool tables,
also, tool O should be defined withL=C0and R = 0.

Tool radius R

The radius of the tool is entered directly.

Tool length L

The compensation value for the tool length is rmeasured

* as the difference in length between the tool and a zero tool, or
» with 3 tool pre-setter.

A too! pre-setter eliminates the need to define a too! in terms of the
difference between its length and that of another tool.
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4 Programming
42 Tools

Oversizes for lengths and radii:

delta values |
ne

In tocl tables you can enter so-calied deita values
for tool length and radius.

I’E(%

' 1

| NnE

» Positive delta values = tooi oversize E DR<0 ' ! ] '

* Negative delta values = tool undersize ] L "*"‘-““———""-:'—I i
t 1 '
, i ! ‘

Application [ Q_B_>_9_.._..:_ | vl
i} 1 il

s Undersize in the tool table for wear - U ]

Delta values can be numerical values or 0.
The maximum permissible oversize or undersize is
+/-99.999 mm.

H
-
B EN
)
1
\

Fig.4.2:  Oversizes DL, DR on a toroid cutter

Determining tool length with a zero tool

For the sign of the tocl length L:

L>1, Thetoolis ionger than the zero tool

L<l, The toolis shorter than the zero tool L,>0

>

Fig. 4.3:  Tool lengths are entered as the difference from the zero toot

[ Move the zero too! to the reference position in the tool axis (e.g. workpiece surface with Z = 0),

4

[ If necessary, set the datum in the tool axis to 0.

4

Change tools.

{

[ Move the new toal to the same reference position as the zero tool

{

o) 0

[ The TNC displays the compensation value for the length L.
.

Note down the value and enter it later.

—— e e e . . m En S — — —— T — L e U ———— —— — —— — — T . T — i i titer

Enter the dispiay value by using the “actual position capture” function (see page 4-24).
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42 Tools

Entering tool data into the program

The following data can be entered once for sach tool in the part program:;

* Tool number

* Too! length compensation value L

* Tool radius R

To enter tool data into the program block:-

can K.’

}

Resufting NC block: G89 T5 L+10 R+5

e

TOOL NUMBER ?

“Give the 100l & number, for exarmple 5.

- n
-8
.

p——

TOOL LENGTHL?

Enter the compensation vaiue for the tooi length, e.g. L= 10 mm.

e
-0
e

[ TOOL RADIUSR?

-
e‘g‘a
.

Enter the ool radius, e.g. R =5 mm.

@ You can enter the ool length L directly in the tool definition by using the “actual position capture”
function (see page 4-24).
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4 Programming
4.2 Tools

Entering tool data in tables

A tool table is a file in which the tool data for all tools are stored together.
The maximum number of tools per tabile (0 to 254) is set in machine
parameter MP 7260.

On machines with autormnatic toel changers, the tool data must be stored
in tool tables. You can edit these teol tables using special, time-saving
editing functions.

Types of tool tables

Tool table TOOL.T is
* uysed for machining
* edited in a program run moede of operation

All other tool tahles are

e used for test runs and archiving _
+ edited in the PROGRAMMING AND EDITING mode of operation

@ If you copy a tool table into TOOL.T for a program run, the oid TOOL.T will be overwritten.

Editing functions for tool tables

. The foliowing functions help vou to create and edit tool tables:

Function Key / Soft key

* Move the highlight

* (30 10 the beginning/end of BEGIN END
the table TABLE TRBLE

. PRGE | PAGE

* (o to the next/previous ﬂ ﬁ
teble page

* o to the beginning of the NEXT
next line LINE

¢ | ook for the tool name in E %EE
the tool table NEME

4.8 TNC 425/TNC 415 B/TNC 407



4 Prograrnming

£2 Tools

To edit the tool table TOOL.T:

) | PROGRAMRUN/SINGLEBLOCK. . = -
or
) | PROGRAM RUN/FULL SEQUENCE = . :
L . . . . - L e 3 A
T00L Select the tool table TOOL.T
TABLE
o -
e ™\
EDIT Switch the EDIT soft key to ON
IOFE]- ON
To edit any tool table other than TOOL.T:
(i enn e UL s o . -
' Cail the file directory
NANME
A J
SELECT SHOW Shift the soft-key row and show file type .T
=)
TYPE
-
FILENAME=" T .. |
Select the tool table.
Enter a new file name and create a new table.
o S
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4 Programming

42 Tools
Tool data in tables : Proces%w JEDIT TOOL TABLE
FUL S To0L RABIUS 7
The foliowing information can be entered in ool I
tables: - ‘ 2 .
- ]
* Tool radius and tool length: R, | T auTtERs 112658 e -a.1zs a8 -2.35
¢ Curvature radius of the tool point for three- 2 LR 28 8b - @ -a.e?
dimensional tool compensation; R2 : : : : : e
For graphic display of machining with a spherical s cuvreras s oiss  wads oS
cutter, enter R2 = R. s .a -8 @ - -a
+ Oversizes {delta values) for too! radii and tool 7 BwLs -2 - w05 2.1 -8
iengths: DR, DRz, DL & @ -2 “a -2 “
» TOO[ name: NAME 3 +12.59 1 =8.85 =3.e1 -
Maximum and current tool life: TIME1, TIME2, . - - o DO
CUR'TIME 12 CUTTERIZ +12.658 +3.75 +g.125 ~2.68 -B.35
Number of a replacement tool: RT P T oo T e
* Tool lock: TL TRBLE TRBLE a ‘ { LINE

* Tool comment: DOC Fig.4.4;  Left part of the tool table

A general user parameter (MP7266) defines which
data can be entered in the ool table and in what ; —
sequence the data is displayed. FUL. SEQUEACE $géz ;gg‘en'{g%gw

The sequence of information in the tool table
shown in the illustrations to the right is only one
example out of many possibilities.

] -8 +@ ] B8 -3

-B.68 ~@.35 +8.82 5 5380 5008 1256 FIRST ToOL
¢ -Q.a7 3 4ged s60R8 1208

- -2 .2 e ] ] oD THoL
2 8 -2 2 e 2

If all the information in a table no longer fits on one
screen, this is indicated with >> or << in the line

@ W U n W s W RN e 8
'
-]

A -8.1% “2.@1%5 T GRe0R 6829 2578 RELGH
with the table name. - -2 e e o o
8.1 -8 -2.01 b e 8Ie B4z
-2 -8 e ) a 2
+Z.81 -8 +@.8815 L a08 1] 125
2 -8 -8 @ ] Q ]
FERY-] -8 € e ? L
12 -B.68 -6.35 +0.02 5 3883 ZSeR IS FINE UORKS
END EGE_% NEKT
e | e | D] O ol
Fig.4.5:  Right part of the tool table
To read-out or read-in a tooi table:
—_
E@ Select external data input/output directly from the table.
A S— ~
v -
TRANSFER Read-out the table.
TRANSFER Read-inthe table (only possible if EDIT ON is selected).
e} XY
'y —_

See also page 9-2.
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42 Tools

Abbreviation Input Dialog

T Number by which the tool is called in the program -

NAME Number by which the tool is called in the program TOOL NAME ?
(only for conversational programming)

L Value for tool length compensation TOOLLENGTHL?

R Tool radius R TOOL RADIUS R ?

R2 Tool radius R2, for toroid cutter TOOL RADIUS 27

DL Delta value for too! length TOOL LENGTH OVERSIZE ?

DR Defta value for tool radius R TOOL RADIUS QVERSIZE ?

DR2 Deita value for tool radius R2 TOOL RADIUS OVERSIZE 2 ?
{oniy for conversational pregrarmming}

TL Tool Lock TOOL INHIBITED

YES=ENT/NO=NQOENT

RT Number of a Replacement Tool, if available ALTERNATE TOOL ?
{see also TIME2)

TIME? Maximum tool life in minutes: MAXIMUM TOOL LIFE ?
The meaning of this information can vary depending on
the individual machine tocl. Your machine manual
provides mare information on TIMET.

TIMEZ Maximum tool life in minutes during TOOL CALL: MAX. TOOL LIFE FOR TOOL
If the current tooli life exceeds this vaiue, the TNC caLl ?
changes the tool during the next TOOL CALL (see also
CUR.TIME}

CUR.TIME Time in minutes that the tool has been in use; CURRENT TOOL LIFE ?
The TNC automaticaily counts the current toot jife.
A starting value can be entered for used tools.

DOC Comment on tool (up to 16 characters) TOOL DESCRIPTION

Fig. 4.6: Information in tool tables

TNC 425/TNC 415 B/TNC 407
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4 Programming

4.2 Tools

Pocket table for tool changer

The TOOL_P tabie (for tool pocket) is programmed
in a prograrm run operating mode.

The soft key NEW POCKET TABLE or aiso the RESET
POCKET TABLE is for erasing an existing pocket table
and writing a new one.

Like the tool table, a pocket table can aiso be read-in
and read-out directly through the data interface (see
page 4-10).

EDIT TOOL TRBLE T sl
POCKET LOCKED YES=ENT/NO=NOENT

ll

F %11910811
z s 8 19208¢1

2

1

2 L Z0e02e2ed

3 12 xiigltael

4 L ‘REcEeueR

L 3 g F %11618011

G L ziigiiedd

ACTL . +12.788 Y -5.378
i z +185.688 u +45,.8B1

u -230.987
T B a M 5/9

TABLE TRBLE PeT

acaIN £ I PRGE PRGE RESET EDIT NEXT TooL

tegLe | OFF /R | LIt TRBLE

Fig.4.7:  Pocket table for the too! changer

To select the pocket table:
TOOL Select tool table. -
TABLE .
L J
-
{ ™\
POCKET Select pocket table.
TRABLE ’
o g
EDIT Set the EDIT soft key to ON.
[CEEj~ON
To edit the pocket table:
Abbreviation Input Dialog
P Pocket number cf the tool -
T Too! number TOOL NUMBER
F | Fixed tool number. The tool is always returned 1o the FIXED POCKET
same pocket. ’ YES = ENT/NQO = NOENT
L Locked pocket POCKET LOCKED
YES = ENT / NO = NOENT
ST Specisl Tool with large radius requiring several pockets SPECIAL TOOL
in the tool magazing. Enter the number of pockets to be :
locked in front of and behind the special tool.
PLC information on this tool that should be sent to the PLC PLC STATUS

4-12
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4 Programming

4.2 Tools

Calling tool data

The following datz can be programmed in the NC block with T:

* Toot number, Q parameter
* Working plane with G17/G18 or G19
* Spindie speed S

To call tool data:

) [ ToOL NUMBER 2

. B Enter the number of the 100! as defined in the tool table or in a G99
e biock, for example &.
- !
Select the spindle axis Z.
A\ -y
B u u Enter the spindle speed, e.g. $=500 rpm.
END
]

Resutfting NC block: T5 G17 5500

Tool pre-selection with tool tables

if you are using tool tables, G51 pre-selects the néxt tool. Enter the tool
number or & corresponding Q parameter.

Tool change

Automatic tool chan'ge

If your machine has automatic tool changing capabifity, the TNC controls
the replacement of the inserted tool by another from the too! magazine.
- The program tun is not interrupted.

Manual tool change

To change the tool manually, stop the spindle and move the tool to the
tool change position. Sequence of action:

Move to the tool change position {under program control, if desired)
Interrupt program run (see page 3-5)

Change the tool

Continue the program run (see page 3-6)
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4 Programming
4.2 Tools

Tool change position

A tool change position must be ocated rext to or above the workpiece
where no collisions are possible. With the misceltaneous functions M91
and M92 (see page 5-39} you can enter machine-referenced {rather than
workpiece-referenced) coordinates for the tool change position.

If TO is programmed before the first tool call, the TNC moves the tool
spindle in the tool axis to a position that is independent of the too! length.

@ I a positive length compensation was. in effect before TO, the clearance to the waorkpiece is reduced.

Automatic tool change: M101

Standard behavior — without M 101

When the tool reaches the maximum tool fife {TIME1), the TNC interrupts
program run {depending on the particular machine).

Automatic tool change -~ with M101

The TNC automatically changes the tool if the tool life (TEME1 or TIME2)
expires during proegram run.

Duration of effect
M101 is reset with M102.

Standard NC blocks with radius compensation G40, G41, G42

The radius of the replacement tool must be the same as that of the
original tool. If the radii are not equal, the TNC displays an error message
and does not replace the tool.
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4 Programming

4.3 Tool Compensation Values

For each 100!, the TNC offsets the spindle path in
the tool axis by the compsnsation vaiue for the tool
iength and in the working piane by the compensa-
tion value for the tool radius,

Fig. 4.8:  The TNC compensates both the length and radius of the tcol

Effect of toql compensation values
Tool length

Length compensation becomes effective automatically as soon as a tool is
cailed and the tool axis moves.

Length compensation is cancelled by calling a tool with length L= 0.

fa positivé iength corhpensation was ac'tiV\}e_befo're”tﬁobl TO wa§ éaitéd, the distance to {he WOrkbiéce will be
reduced. With a2 G871 movement in the tool dxis after a tool call with T, the length difference between the previous
ool and the new tool will be traversed in addition to the programmed value.

Tool radius

Radius compensation becomes effective as soon as a tool is called and is
moved in the working plane with G41 or G42.

Radius compensation is cancelied by programming a positioning black
with G40.

Tool radius compensation
A tool movement can be programmed:
* Without radius compensation (G40}

* With radius compensation (G41 or G42)
* As paraxial movements (G43 or G44)

Fig.4.9:  Programmed contour (— , +) and the path of the tool
center (~—-)
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4 Programming

4.3 Tocol Compensation Values

Movement without radius compensation: G40

The tool center moves to the programmed coordi-
nates.

Applications:

¢ Drilling 2nd boring
* Pre-positioning

Fig.4.10:  These drilling positions are entered without radius

compensation

Tool movement with radius compensation: G41, G42

The tooi center moves to the left (G41) or right {G42) of the programmed
contour at a distance equal to the radius. “Left” and “right” are to be
understood as based on the direction of too! movernent, assuming a
stationary workpiece.

Y‘ - G# | Y‘

G42

Fig. 4.11:  The tool moves to the left {G47) or right (G42) of the path during miiling

@5

Shortening or lengthening single-axis movements: G43, G44

This type of radius compensation is only possible for singie-akis move-
ments in the working plane. The programmed tool path is lengthened
{G43) or shortened (G44)} by the tool radius.

Applications:

¢ Single-axis machining
* Occasionally for pre-positioning the tool, such as for cycle G47 SLOT
MILLING,

[‘H_{:% . -—‘r”ou-{:an wenabie G4Sand G44by pregrami-m ' ;pesmomng block with an axis key

4-16
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4 Programming

4.3 Tooi Compensation Values

Machining corners

Outside corners

The TNC moves the tool ina transitional arc
around outside corners. The tool “rolls around”
the corner point.

T necessary, the feed rate F is automatically re-
duced at cutside corners to reduce stress on the
machine, for example with very great changes in
direction.

Fig. 4.12:  The tool "rolis around” outside corners

- you are workmg \:v&hbut radrus compensa’tt _
(see page 5-36) . ;

inside corners

The TNC calculates the intersection of the tool
center paths &t inside corners, From this point
it then starts the next contour element, This
prevents damage to the workpiece.

The permissiole tool radius, therefore, is limited by
the geometry of the programmed contour.

Fig.4.13: Tool path for inside corners

TNC 425/TNC 415 B/TNC 407 a7



4 Programming

4.4 Program Initiation

Defining the blank form ZaA
If you wish to use the TNC's graphic workpiece simulation you must first
define a rectangular workpiece blank. Its sides fie parallel to the X, Y and Z Y
axes and can be up to 30,000 mm long.

MAX

The diaiog for defining the blank form starts automatically at every pro-
gram initiation. I can also be called with the BLK FORM soft key.

Fig. 4.18:  MIN and MAX points define the
biank form.

@ The ratio of the blank-form side lengths ';m.ust be less than 200:1.

MIN and MAX points

The blank form is defined by two of its corner points:

¢ MIN point: smallest X, Y and Z coordinates of the blank form, entered
as absolute values.

» MAX point: iargest X, Y and Z coordinates of the blank form, entered
as absolute or incremental values.
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4 Programming

4.4 Program Initigtion

To create a new part program:

(' Select the file directory ]
NALIE

i .
(Seiect any fiie of type .1, for example OLD .i : }
i

FIENAME=OLDI =~ . o oo ool 3
@ @ Enter the name of the new file, for example NEW .|

- ~ .
MM =ENT/INCH=NOENT - _ o | |

or Indicate whether the dimensions will be entered in milimeters (G71)
el or inches (G70}

a G function for input of the MIN point
-~

Define the tool axis: G17 means Z-axis
~p

eg. m Enter, in sequence, the X, Y and Z coordinates of the MIN points, and

conclude the block with END
0]
280

G function for input of the MAX point
v _
g a Entry as absolute value or

r— —— — — ————— T S A i e S, e W — — — — — — — — — — — — — — —— — — o—

a as incremental value

2.9 @ na Enter, in sequence, the X, Y and Z coordinates of the MAX point, and
conclude the block with END

TNC 425/TNC 415 B/TNC 407 . B
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Programming

4.4 Program Initiation

The following biocks then appear on the TNC screen as program text:

Block t: Program begin, name, dimensicnal unit

-

[ NI0 G30 G17 X+0 Y+0 Z-40 %

Block 2:; Tool axis, MIN point coordinates

( N20 G31-G90 X+100 Y100 Z40 %

Block 3: MAX point coordinates -

[ N99999 % NEW GT1 %

Block 4: Program end, name, dimensional unit

The dimensional unit used in the program appears behind the program
name (G771 = millimeters).

4-20
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4 Programming

4.5 Entering Tooi-Related Data
ZA

Besides the too! data and compensation, you must
also enter the following information:

* Feedrate F
+ Spindle speed S
+ Miscellaneous functions M

The tooirelated data can be determined with the
aid of diagrams (see page 11-20).

Fig. 4.15. Feed rate F and spindie speed S of the too!

"Feedrate F

The feed rate is the speed (in milimeters per minute or inches per minute)
at which the tocl center moves.

Input range: -
F =010 30,000 mm/min or 1181 ipm (TNC 425: 300,000 mm/min or
11,811-ipm).

The maximurm feed rate is set individually for each axis by means of
machine parameters,

-input

_ ’ E_g_ an Enter the feed rate, for exampie F = 100 mm/min.

Rapid traverse

Rapid traverse is programmed directly with GQO.

Duration of feed rate F

A feed rate entered as a nurmerical value remains in effect until the control
encounters 2 block with a different feed rate.

If the new feed rate is GOO (rapid traverse), then after the next block with
G01 the feed rate will return to the last feed rate entered as a numerical
value.

Changing the feed rate F

You can adjust the feed rate with the override knob on the TNC keyboard
{see page 2-5}.
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Programming

4.5 Entering Tool-Related Data

Spindle speed $

The spindle speed S is entered in revolutions per minute (rpm).

Input range:
S =010 99,999 pm

To change the spindle speed S in the part program:

b o gﬂﬂ
=

Enter the spindle speed S, for example 1000 rpm

Resulting NC block: T1 G17 S1000

To adjust the spindle speed S during program run:

100

o Os%

On rmachines with stepless spindle drives, the spindle speed S can be

varied with the override knob

4-22
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4 Programming

4.6 Entering Miscellaneous Functions and Program Stop

The M functions (M for miscellaneous) affect:

s Program run
s Machine functions
* Tool behavior

The back cover foldout of this manual contains a list of M functions that
are predetermined for the TNC. The list indicates whether an M function
becomes effective at the start or at the end of the block in which it is
programmed. '

An NC block can contain several M functions as long as they are inde-
pendent of each other. Refer to the overview on the last cover page to
see how the M functions are grouped.

Some M functaons are not eﬁ‘ectwe on ceri:am machmes The machme tool burlder rnay a!so add some of .
hls own M functlons : . o

A program run or test run will be interrupted when it reaches a hlock
containing G38.

If you wish to interrupt the brogram run or test run for a certain length of
time, use the cycle G04: DWELL TIMVE (see page 8-48).
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4 Programming

4.7 Actual Position Capture

Sometimes you may want to enter the actual
position of the tool in a particular axis as a coordi-
nate in & part program. Instead of reading the actual
position values and entering them with the numeric
keypad, you can simply press the "actual position
capture” key (see iliustration at right). You can use Y
this feature to enter. for example, the tocl length.

Fig. 4.16:  Storing the actuzl position in the TNC

To capture the actual position:

Move the tool to the position that you wish to capture.

A s

- T

Select or create the program block in which you wish to enter the actual
position of the tool.

L A

g

eg'@ Select the axis in which you wish to capture a coordinate,

L for example X.

.

a Transfer the actual position coordinate to the program. ]

N

. g
[ Enter the radius compensation according to the position of the tool relative to the workpiece. ]
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4 Programming

4.8 Marking Blocks for Optional Block Skip

You can mark program blocks so that the TNC wilt skip them during
a program or test run whenever the block skip option is active {see
page 3-10}.

To mark a block:

[ Select the desired biock. ]
v
[ Mark the beginning of the block with a slash. }

) B comiin 3ot st 59 ot
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4  Programming

4.9 Text Files

You can use the TNC's text editor to write and edit texts.

Typical applications:

* Recording test results
» Documenting working procedures

¢ Keeping formulas and creating cutting data diagrams

The text editor can edit only type A files {text files). If you wish to edit
other types of files with the text editor, you must first convert them (see

page 1-31).

The typewriter-style keyboard provides letters, symbols and function keys
{e.g., backspace} that you need to create and change texts. The soft keys
enable you to move around in the text and to find, delete, copy and insert
letters, words, sections of text {text biocks), or entire files.

To create a text file:

PG A
NAME

Show text files {type .A files).

Enter a file name, for example ABC, and confirm.

The following information is visible in the high-
lighted line at the top of the text window:

e FILE: Name of the current text fiie
LINE: Line in which the cursor is
presently located
« COLUMN;: Column in which the cursor is
presently iocated
+ |INSERT: Insert new text, pushing the

existing text to the right

+ QVERWRITE: Write over the existing text,
erasing it where it is replaced
with the new text.

You can toggle between the INSERT and OVER-
WRITE modes with the soft key at the far left. The
setected mode is shown enclosed in a frame.

PROGRAM RUN
SINGLE BLOCK

PROGRAMNMING AND EDITINS

THIS 1S R TEXT FILE...

IN THE TEXT FILE vOU HAV

- RECCRO TEST RESULTS

= ROCUMENT UQRKING PROCEDURES
~ STORE FORMULAS AND TRALES

- URITE MESSAGES

= RECORQ MRCHINE PRRRMETERS

ETC.

] CENDD
MOUE Move PRAGE PREE BEGIN END

OVERLRITE ut)n;n ”‘33” ﬂ ﬁ TEXT TEXT i
Fig. 4.17: TNC text editor screen

4.26
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Programming

4.9 Text Files

Entering text

The text that you type always appears on the screen where the cursor is
located. You can move the cursor with the cursor keys and the following

soft keys:
Function Soft key
MOVE
* Move one word o the right WORD
>>
MOVE
* Move one word to the left UEED
PAGE
+ (Go to the next screen page ﬂ
PAGE
+ (o to the previous screen page ﬁ
. . BEGIN
* Go to beginning of fiie TEXT
) END
¢ (Go to end of file TEXT

in each screen line you can enter up to 77 characters from the aiphabetic

and numeric keypads.

The alphabetic keyboard offers the following function keys for editing text:

Function

Key

* Begin a new line

* |nsert a blank space

+ Erase character to left of cursor (backspace)

)

Exercise:

Wirite the following text in the file ABC.A. You will

need it for the exercises in the next few pages.

STNGLE BLOCK

[Frocemn won |PROGRANMING AND EDITING

I e e N
wus 3025 ewe

f1 O IMPORTANT:

e JoBS *e+ miajeteiabatl
11 IMPORTANT: oo
MACHINE THE CAMS (ASK THE BOSS?!) To0Ls
PROGRAM 1375.H; 80% OK ;;:: 2 m‘ use
BY LUNCH REPLRCEMENT TOOL: TOOL 3
[ §
TOOLS {ENDG
TOOL 1 DO NOT USE - —
TOOL 2 CHECK "mﬂ‘g :gg P'EE P%EE BEGIN en .
REPLACEMENT TCOL: TOOL 3 PERRITE] « L RS
Fig.4.18: Text editor s¢reen with exercise text
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4.9 Text Files

Finding text sections

You can search for a desired character or word with FIND &t the far right
of the first soft-key row. The following functions then appear:

BRI

Finding the current word

You can search for the next occurrence of the word in which the cursor is
presently located.

Exercise: Find the word TOOL in the file ABC.A

[ Move the cursor to the word TOOL.

Select the search function.

Search for the current word (TOOL).

-

Select the search function.

Enter the text that you wish to find.
A

-~ ~
Find the text.
EXHECUTE
To leave the search function:
Terminate the search function.
END
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4  Programming

49 Text Files

To erase and insert characters, words and lines:

a or Shift the soft-key row. J
-

DELETE DELETE
CHRE LORD

DELETE
LINE

RESTORE
LINE-WORD

Move the cursor to the text that you wish to erase, or to the place where
you wish to insert text.

Function Soft key
DELETE
-
Delete a character CHAR
_ DELETE
* Delete and temporarily store a word UORD
) _ DELETE
= Delete and temporarily store a line LINE
| p i RESTORE
L ] .
nsert 2 line/word from temporary storage L INE-UORD

Exercise: Delete the first line of ABC.A and insert it behind BY LUNCH

[ Move the cursor to any position in the line *** JOBS ***, }
~
E Shift the soft-key row.
A v S
DELETE Delete the line and store temporarily. 1
LINE
~
Move the cursor o the beginning of the line behind BY LUNCH.
L J
.
3 * % K * % ¥ 41,
RESTORE insert the line JOBS at the cursor position.
L INE-WUORD

- o i b e e

@? Temporanly stored words and lmes can be sex:ted s of{en as d%rred,
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4.9 Text Files

Editing text

blocks

With the editor, text blocks {sections of text) of any size can be

® & & @

selected

deleted

inserted at the same or other locations
copied {even whole files)

Shift the soft-key row.

B-8
N

SELECT REMOVE INSERT EIEr«]'SUE'REr/ APPEND RERD
BLOCK BLOCK BLOCK BLOCK T0 FILE FILE
Function Soft key
* To select a block: SELECT
Place the cursor at one end of the block and BLOCK
press SELECT BLOCK. Then move the cursor .
t0 the other end. The selected block nas a
different color than the rest of the text.
* Delete the selected text and store temporarily REMOVE
BLOCK
¢ Insert the temporarily stored text at the cursor INSERT
location BLOCK
* Store marked block temporarily without erasing RFJ'SDE"EET’
BLOCK
* Transfer the selected text to another file: APPEND
Type the name of the target fiie in the screen To FILE
dialog line and press ENT. The TNC appends the
selected text to the end of the specified file.
You can also create a new file with the
selected text in this way.
= insert another file at the cursor position READ
source file in the screen FILE

430
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Programming

4.9 Text Files

Exercise:

Move the last four fines in the file ABC.A to the beginning of the file, then
copy them into 2 new file WZ.A.

+ Move the text to the beginning of the file:

[ Move the cursor to the “T” of TOOLS.

v
SELECT Activate the selecting function.
BLOCK
L.
~
. Move the cursor to the end of the block.
+
N
{ .
REMOVE Erase the text and store temporarily.
BLOCK
o~
. Move the cursor to the beginning of the file.
*
N
P
INSERT Insert the stored text biock.
Note: The stored block is inserted above the cursor and may be off
BLOCK screen

L3

Select the text again and copy it into another file:

Mark the text block.as described above.

oy

—~

APPEND Select the function for copying 1o ancther file.
TO FILE

for example WZ.A.

Write the name of the file into which you wish to copy the block,

Copy into a another file. Text block remains marked.

TNC 425/TNC 415 B/TNC 4G7
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4 Programming

4.10 Creating Pallet Files

Pallet files are used with machining centers, and contain the foliowing

information:

+ Pallet number PAL

= Part program name PGM-NAME
« Datum table DATUM

To edit pallet files:

Call the file directory.

NAME

v .
SELECT SHGU Shift the soft-key row and show P type pallet files.

Select a pallet file, or enter a new file name to create a new file.

. »y

To link programs and datum tables:

b -

Enter the name of the datum table for the prograrm.
>
if necessary Create more pallet files.

NEXT
LINE

4-32 TNC 425/TNC 415 B/TNC 407



4 Prograrnming

4.10 Creating Pallet Files

The following functicns help you to create and change paliet tables:

Function Key / Softkey
* Move the highlight
G h o o of BEGIN END
s (30 to the beginning/end of the TBBLE TRBLE
table
. PAGE PRGE
» (5o 10 the next/previous page ﬂ ﬁ
of the table :
* Insert/delete the last fine in INSERT DELETE
the table LINE LINE
¢ (3o to the beginning of the next NEXT
line - LINE

TNC 425/TNC 415 B/TNC 407 4-33



4 Programming

4.11 Adding Comments to the Program

Commmenis tan be added 1o the part program in the PROGRAMMING

AND EDITING mode of operation.
Applications:

s Exnlanations of
Expla i

Sauns o

program ste

LS

* Adding general notes

nS
SIS

Adding comments to program biocks

NS

block immedi-

You can add comments 1o a program

ately after entering the data by pressing the
semicolon key {;) on the atphabetic keyboard.

Input:
¢ Enter your comment and conclude the block by
pressing the END key.

To adc a comment 10 a block that has already been
entered, select the block and press a horizontal
arrow key until the semicolon and the dialog prompt
appear.

To enter a comment as a separate block:

[progeen €5 [PROGRAMMING AND EDITING

SINGLE BLOCK COMMENT?

4 BLK FORY 6.2 X+1B@ Y+1B@ Z+@

§ ToOL CALL 12 2 siless DL+@.B2
DR-8.85

§ CYCL DEF 9.8 DWELL TIME

¥ CYCL DEF 9.1 DWELL 12 5 B

& CYCL DEF 14.8 UONTOUR GEOH.

S [CYCL DBEF 14.1 CONTOUR LABEL 1

i@ CYCL DEF &.e ROUGH-OUT

11 CYCL DEF 8.1 SET up =2
DEPTH -12.58

12 cCYCL DEF B.2 PECKGE -2.5 Figg
ALLOW +B.5

13 CEYCL DEF 6.3 RNGLE +45 Fiwee

14 CYCL CALL M3

15 L Z+188 R8 F MaX M2

Fig. 4.18: Dialog for entering comments

i D Start a new block by pressing the semicolon key.
3
>

[ Enter your comment with the alphabetic and numeric keypads.
.

( T’ED Close the block.

Comments are added behind the entered biocks.

Example

N50

NB60

GOO %4+0 Y=10 3
PRE-POSITION

G061 G41 F100 =

..... A comment is indicated by a semicolon at the
of the block.

4-34
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5

Programming Tool Movements

5.1 General Information on Programming Tool Movements

Tool movemnents are always programmed as
if the too! moves and the workpiece remains
stationary.

; .,'I‘Before nmmng:.-rpaﬁprogram

ction, must Femain active. °

1601 to ¥ prevent thre pcssmmt\r

Example NC b.’ock N30 GOO G40 690 Z+ 100 *

Path functions

Each element of the workpiece contour is entered
separately using path functions.
You enter:

+ Straight lines
+ Circular arcs

You can also program a combination of the two
contour elements (helical paths).

The contour elements are executed in sequence 1o
machine the programmed contour.

P 4

9

Fig. 5.1: A contour consists of straight lines and circular arcs

Go1

Fig. 5.2: Contour elements are programmed and execuied in sequence

52
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5  Programming Tool Movements

5.1 . General Information on Programming Tool Movements

Subprograms and program section repeats

If a machining sequence occurs several times in a program, you can save
time and reduce the chance of programming errors by entering the
sequence once and then defining it as a subprogram or program section
repeat.

Programming variants:

+ Repeating a machining routine immediately after it is executed
(program: section repeat)

* Inserting a machining routine at certain locations in a program
{(subprograrm) '

» (Czlling a separate program for execution or test run within the main
program (program call}

Cycles )

Ccmmon machining routines are delivered with the controf as standard
cycles for:

* Peck drilling

¢ Tapping

+ Slot milling ,

* Pocket and island milling

Coordinate transformation cycles can be used to change the coordinates
of a machining sequence in a defined way. Examples:

s Datum shift

* Mirroring

* Basic rotation

* Enlarging and reducing

Parametric programming

instead of programrning numerical vaiues, you enter markers called
parameters which are defined through mathematical functions or logical
comparisons. You can use parametric programming for:

Conditional and unconditional jumps

Measurements with the 3D touch probe during program run
Output of values and measurements

Transferring values to and from memory

& & & @

The following mathematical functions are available:

Assign

Addition/Subtraction
Multiplication/Division

Angle measurement/Trigonometry

L I I I

among others.

TNC 425/TNC 415 B/INC 407



5 Programming Tool Movements

5.2 Contour Approach and Departure

&

A convenient way to approach or depart the workpiece is on an arc which is tangential to the contour. This is carried

out with the approach/departure function G26 (see page 5-6).

Starting point and end point

Starting point

From the starting point, the tool moves to the first contour point.
The starting point is programmed without radius compensation.

The siarting point must be:

+ Approachable without coliision

= Near the first contour point

* | ocated in relation to the workpiece such that no ¢ontour damage
occurs when the contour is approached.

i the starting point is located within the shaded area of fig. 5.4, the
contour will be damaged when the first contour point is approached. The
optimum starting point &) is located in the extension of the tool path for
machining the first contour.

First contour point

Machining begins at the first contour point. The tool moves to this point
with radius compensation.

Approaching the starting point in the spindie axis

When the starting point (§} is approached, the spindie axis is moved 10
warking depth.

If there is danger of collision, approach the starting point in the spindie
axis separately.

GO0 G40 X..Y .. Positioning X/Y

Z-10 Positioning Z

Example:

Fig.5.3: Starting point (§) of machining

+

e—

G41

Fig. 5.4:  First contour point for machining
N A
™2 H H
. o
1 ' ___v} '
1 L [ SN}
by Vg
v ¥zt
e b A
LA Gt
&l e ¢
@@
Fig.5.5: Separate movement of the spindle

when there is danger of collision

TNC 425/TNC 415 B/TNC 407



5 Prograrmming Tool Movements

5.2 Contour Approach and Departure

End point
Simiiar requirements hold for the end point;

* Can be approached without collision
* Near the last contour point
* Avoids tool damage

The ideal location for the end point € is again in the extension of the tool
path outside of the shaded area. It is approached without radius
compensation.

Fig. 5.6: End point @ for machining

Departure from an end point in the spindle axis
The spindie axis is moved separately.
Example: GOOG40 X .. Y.. Approach end point
Z+80 Retract tool

™~

b

Ir\‘:)'_(':

£

e

“iF

®=
Fig. 5.7: Retract spindie axis separately

Common starting and end point Ll L il L1

\\\

Cutside of the shaded areas in the illustrations, it is possible to define a s

extensions of the tool paths for machining the first and last contour
elements.

single point as both the starting and end point &). ; //{/
The ideal location for the starting and end point is exactly between the %

A common starting and end point is approached without radius
compensation.

Fig.5.8: .Common starting and end point

TNC 425/TNC 415 B/TNC 407 ' 55



5 Programming Tool Movements

5.2 Contour Approach and Departure

Tangential approach and departure

The tool approaches the contour on a tangential arc with G26, and departs
it with G27. This prevents dwell marks.

Starting point and end point

Starting point 8 and end point € of the machining sequence are off the
workpiece near the first or last contour element. -

The tool path to the starting point or end point is programmed without
radius compensation.

o G40 .

» For the approach path, G26 is programmed after the block containing
the first contour point (the first block with radius compensation G41/ Fig. 5.9:  Soft contour approach
G42).

* For the departure path, G27 is programmed after the block containing
the last contour point (the last biock with radius compensation G41/
G42).

Fig. 5.10:  Soft contour departure

Program structure

-~

R

GOO G40 GO0 X . Y evs eoooeeeeeeeveeeevcoessresessereserneranne. STATING POINt @)

First contour point @&
Soft approach

Last contour point
Soft departure

&6 TNC 425/TNC 415 B/TNC 407



5 Programming Tool Movements

5.3 Path Functions

General information
Part program input

You create a part program by entering the workpiece dimensions.
Coordinates are programmed as absolute values {GQ) or relative values
{G91).

in general, you program the coordinates of the end point of the contour
element. )

The TNC autormaticaliy calculates the path of the tool based on the tooi
data and the radius compensation.

Machine axis movement under program control

Alf axes programmed in a single biock are moved simultaneously.

Paraxial movement ZA
The tool moves in a path paraliel to the programmed axis. G00_X +100
Number of axes programmed in the block: 1

Fig. 5.11:  Paraxial movement

Movement in the main planes ZA

[Goo X +70 Y+50]

The tool moves to the programmed position on a straight line or circular
arc in a plane.

Number of axes programmed in the block: 2

Fig. 5.12: Movementin a main plane (XY)
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5 Programming Tool Movements

5.3 Path Functions

Movement of three machine axes (3D movement) z A
The tool moves in a straight line to the programmed position.
Number of axes programmed in the block: 3

Exception: A helica! path is created by combining a circular with a linear
movement.

10

{G01 X+80 Y0 Z-10|

Fig. 5.13:

Threedimensicnal movement

Entering more than three coordinates
(not TNC 407)

The TNC can centrol up to five axes simultaneously
{for example, three linear and two rotary axes).

Such programs are too complex to program at the
machine, however.

Advantages of five-axis machining of 3D surfaces:

¢ Cylindrical end mills can be used {inclined-too!
mifling)

* Faster machining

= Better surface definition

Fig. 5.14: Exampie of simultaneous movement of more than three
axes: machining a 3D surface with an end mill

fnput example:

GO1 G40 X+20 Y+10 Z+2 A+15 C+6 F100 M3 Fig. 5.15:
{three linear and two rotary axes)

The additional coordinates are programmed as usual in a GO1 biock.

@? “The'TNC graphics cannot simulate four or five-axis-movements.

Inciined-tool machining

TNC 425/TNC 415 B/TNC 407



5 Programming Tool Movements

5.3 Path Functions

Overview of path functions

Function

in Cartesian
coordinates

input

in polar
coordinates

Straight line at rapid traverse

Straight line at programmed feed rate

GOoG
Go1

G10
G11

Chamfer with length R.

A chamfer is inserted between two straight lines.

G24

1.J,K generates no movement.

Circle center — also the pole for polar coordinates.

L J K

Circular arc, clockwise (CW)
Circutar arc, counterclockwise (CCW)
Programming of the circular path:

» Circle center |, J, Kand end point, or
» Circle radius and end peint.

GOz
G03

G12
G13

Circular movement without direction of rotation.

circular movement G02/G12 or GO3/G13.

The circular path is programmed with the radius and end point.
The direction of rotation results from the last programmed

GOB

G15

Circular movement with tangential connection.

programmed.

An arc with tangential transition is inserted into the preceding
contour eiement. Only the end point of the arc has 1o be

G08

G186

Corner rounding with radius R.

contour etements.

An arc with tangential transitions is inserted between two

G25

TNC 425/TNC 415 B/TNC 407
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5 Programming Tool Movements

5.4 Path Contours - Cartesian Coordinates

G00: Straight line with rapid traverse
GO01: Straight line with feed rate F ...

To program a straight line, you enter:

e The coordinates of the end point @ of the straight line

e [f necessary:

radius compensation, feed rate, miscellaneous function

The tool moves in a straight line from its current position to the end point @

®. The starting position (§) is approached in the preceding block.

To program a straight line:

Fig.5.16: Linear movement

Straight line with rapid traverse

00
B

If necessary

e}l o] 1
x]
510

I# necessary

Specify as relative coordinate, for example G391 X-50 mm

Select the axis {orange-colored axis key), for example X

Enter the coordinates of the end point

For negative coordinates, press the +/~ key once, e.g. X = -50 mm

Enter &ll further coordinates of the end point

‘@a 2

510
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5  Programming Tool Moverments

5.4 Path Contours - Cariesian Coordinates

( a The TNC moves the tool with radius compensation left of the
programmed contour.
a a The TNC moves the tool with radius compensation right of the
: programmed contour.
a a The TNC moves the tool center directly to the end point.
" i J
Enter miscellaneous function, for exampie M3 {spindie on, clockwise )
rotation). )
-
E END When ali coordinates have been entered, conclude the block with END.
E_!
J

Resulting NC biock: N25 GO0 G42 G971 X+50 GS0 Y+10 Z-20 M3 *

TNC 425/TNC 415 BfTNC 407 511
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Programming Teol Movements

5.4 Path Contours - Cartesian Coordinates

Example for exercise: Milling a rectangle

N10 330 G17 X+0 Y+0Z-20 *

N70 Z-10 MC3 *

N160 X+95 *

N140 7+100 M02 *.

GSBI2EGTT ¥ e

N20 G31 GOOX+100Y+100 Z+0 * .ovvereerereene

N30 GOS8 T L0 R+5* e
N4GT1 G17 S2500 ™ oo

NBO X-TOY=10* et

N8O GOT G41 X+5 Y45 F180 * ...
NGO Y495 * oo

NITO Y4B % e
NTZ20 X488 % e e

NI9993 %S5121 G71* L

' o ' ™
Coordinates of the cormer points:
| ZA
@ X= 5mm Y= &5mm
) X= 5mm Y =95 mm
@ X= 95 mm Y =95mm
@ X = 95mm Y= 5mm
Milling depth: Z=-10mm
Part program

............ Begin the program. Program name $5121,

dimensions in millimeters

Dedine blank form for graphic workpiece simulation
(MIN and MAX point)

............ Deiine tool in the program
............ Call tool in the infeed axis Z (G17};

Spindle speed S = 2500 pm

............ Retract in the infeed axis; rapid traverse; miscellaneous

* function for tool change

............ Pre-position near the first contour point

.. Pre-position in the infeed axis, spindle ON

............ Move to (3) with radius compensation
............ Move to corner point ®

Move to corner point (3)

............ Move to corner point (@)
............ Move to corner peint (1), end of machining
............ Depart the contour, cancel radius compensation, spindle STOP

.. Retract in the infeed axis, spindie OFF, coolant OFF,
program stop, return 1o block 1

............ End of program

512
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5 Praogramming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G24: Chamfer

The chamfer function enables you to cut off comners at the intersection of
two straight lines. L

Yo

Fig.5.17: Chamfer from &) to (2)

Enter the length (L} to be removed from each side of the corner.

Prerequisites

* The radius compensation before and after the chamfer block must be
the same

* Aninside chamfer must be large enough to accommodate the current
tool.

Fig.5.18: Toel radius too farge

To program a chamfer:

[ a a Select the chamfer function.
A \ vy
—~p”
a Enter the length to be removed from each side of the corner, for
. example 5 mm. :
N

Resulting NC block: G24 R5*

TNC 425/TNC 415 BfTNC 407 ' 513



5 Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

Example for exercise: Chamfering a corner

¢ ™ ( ™

Coordinates of the ZA
corner point: (€ X = 95mm
Y = 5mm

Length of chamfer: CHF = 10mm

Tool radius: R = +310mm

Milling depth: Z = -15mm
\, - o vy
— - A ™

Part program

%S5141 G711 * wrrverrsrnre e rsnesneneneene. 3EGIN the program

N10 G3C G17 X+O Y+0 2—20 Lo UPOT TP ORI URORRPRIORPIION Workpiece blank MIN point

N20 G31 GO0 X+100 Y+100 Z+0 * ceovirerrveverrrvcaenne Workpiece blank MAX point

N30 GEOTE LB R+T10 ™ e eeeceee Define the tool

NAQTE G17 S2000 ™ ..o e Call the toot

N50 GO0 G40 GBO Z+100 MOB ™ ..viircrrreenreieeenne Retract and insert tool

N0 X-10Y-5 * reerreeressannseannseaneseaeaaseeneemneeneeeee. PTE-POSITION in the working plane

N7O Z-15MOB ¥ e reesrn e e Move tool to working depth, move spindie to

NSO GO1 G42 X+5 Y+5 F200 * contour with radius compensation at machmmg

feed rate

NOO XHG5 ® rriieieirerrnvsres e cme e e re e e enes sanenes First straight line for corner E

NI0O GZARID ™ vt insert chamfer with iength 10mm

N110 Y+i00 * e ene e e SECONG Straight line for corner E

N120 GO0 G40 X+‘l 10 Y+1 ‘l 0 F e eeereiernr e aenn s Depart the contour, cancel radius compensation

N130 Z+100 MO2 * ..o eee e e RETFACT IN the infeed axis

N99999 %5514l G71 *
| y
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5 Prograrmnming Tool Movements

5.4 Path Contours - Cartesian Coordinates

Circles and circular arcs

Here the TNC moves two axes simultaneously in a
circular path relative to the workpiece.

Circle center ], J, K

You can define the circle center for circular move-
ment.

A circle center also serves as reference {poie) for
polar coordinates.

Direction of rotation

When a circular path has no tangential transition to
another contour element, enter the mathematical
direction of rotation:

Ciockwise direction of rotation is mathematically
negative; GO2

Counterclockwise direction of rotation is
mathematically positive: G03

Fig. 5.19:

Circular arc and circie center

Circle center coordinates

Fig. 5.21:

Direction of rotation for circular movement

TNC 425/TNC 415 BfINC 407
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5 Programming Tool Movements

5.4 Path Contours — Cartesian Coordinstes

0

Radius compensaticen in circular paths

You cannot begin radius compensation in a circle block - it must be
activated beforehand in a line block.

Circles in the main planes ]
When you program a gircle, the TNC assigns it to Spindle axis Main plane Circle center
one of the main planes. This plane is automatically
defined when you set the spindle axis during a tool
call ().
Zz XY G117 N
Y ZX (18 Ki
X YZ G19 JK

Fig. 5.22: Defining the spindle axis also defines the main plane

You can program circles that do not lie paralie! ic a main plane by using Q parameters (see chapter 7).

Circle center |, J, K

For arcs programmed with G02/G03/G05, it is necessary to define the
circle center. This is done in the following ways:

* Entering the Cartesian coordinates of the circle center
* Using the circle center defined in an earlier block
+ Capturing the actual position

If G29 is programmed, the last programmed position is automatically used
as the circle center or pole.

Duration of circle center definition

A circie center definition remains in effect until a new circle center is
gefined.

Fig.5.23: Circle center |, J

TNC 425/TNC 415 BTNC 407



5 Programming Tool Movements

5.4 Path Contours - Cartesian Coordinates

Entering |, J, K incrementally

If you enter the circie center with incremental Y ‘
coordinates, you have programmed it relative to the
iast programmed position of the tool.

Go1d

I |
o
P
.
h
i
i
__.-.._¢,.
)
.
Y
\
N
e

<

Fig.5.24:  Incremental coordinates for a circle center

» The circle center |, J, K also serves as the pole for polar coordinates.

* The only effect of I, J, Kis to define a positipn.aé a circle center — the tool does not move to the position.

To program a circle center (pole}:

[ [D Select the first circle center designation, for example [
a Enter the coordinate, for example | = 20 rmm
Select the second circle center designation, for example J
a Enter the coordinate, for example J = =10 mm
O

.

Resulting NC bfock: 1+20 J-10 *
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Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G02/G03/G05: Circular path around |, J, K

Prerequisites

The circle center |, J, K must be previously defined in the program.

The tool is at the circie starting point &.

Defining the direction of rotation

Direction of rotation:

e (Clockwise G2
e Counterclockwise G03
* No definition G05

(the last programmed direction of rotation is used)

Input
* End point of the arc

Fig. 5.25:

Cirgular path from &) to ©
around [, J

+ For afull circle, the end point in the G02/G03 block should be the same

as the starting point of the contour.

Y
Yi A
Y.
l,J E
®e® J
YS
—— -
X X
Fig.5.26: Fuli circle around |, J with a Fig. 5.27: Coordinates of an arc
G02 biock
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5 Prograrnming Tool Movernents

5.4 Path Contours ~ Cartesian Coordinates

To program a circular arc with G02 around a circle center I, J (direction of rotation = clociowise):

r ™
n a Circle in Cartesian coordinates, clockwise
— y
-
I -y
B Enter the first coordinate of the end point in incrementa! dimensions,
for example, X =5 mm
o
Enter the second coardinate of the end point in absolute dimensions,
for exampie, Y = -5 mm
Conclude the block
Further entrigs, if necessary:
¢ Radius compensation
* Feedrate
* Miscellaneous function
Resuiting NC block: G0Z G31 X+5 G980 Y-5
519
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5 Programming Tool Movements

54 Path Contours — Cartesian Coordinates

Exercise: Mill a full circle with one block

N99999 %5520 G71 *

........... Begin the program

........... Workpiece blank MIN point

........... Workpiece blank MAX point

........... Define the tool

........... Call the tool

........... Retract and inseit too!

........... Pre-position in the working plane

........... Move tool to working depth

........... Coordinates of the circle center

........... Approach first contour point with radius compensation at

NT00 G28 B10 * et eneeneeeeae
N110 GO2 X450 Y40 ¥ L

NT1Z0 G27 BI0 ™ oot seeene
N130 GO0 GA0 X+50 Y40 * e
NT40 Z+100 MOZ * e

........... Soft (1angentizl} departure

........... Retract in the infeed axis

_ R )
( Circle center: I = 50 mm
J = B0 mm
ZA
Beginning and end
of the arg: X = B0 mm
Y = 0mm
Milling depth: Z = -5mm
Tool radius: R = 15 mm
\ v \ /
e ™y
Part program

machining feed rate

... Soft (tangential} approach

.... Mill arc around circle center 1.J; direction of rotation negative
{clockwise); coordinates of end point X = +50mm, Y = +0

-... Depart the contour, cancei radius compensation

5-20
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5 Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G02/G03/G05: Circular path with defined radius

The tool moves on a circular path with radius B.

Defining the direction of rotation

* Clockwise G2
+ Counterclockwise GO3
* No definition GOs

{the last programmed direction of rotation is used)

Inputs

e Coordinates of the end point of the arc
¢ Radius R of the arc

&

succession. :

* The distance from the starting and end poinfs of the arc cannot

_be greater than the diameter of the circle.
* The maximurn possible radius is 100 m.

Central angle CCA and arc radius R

The starting point @ and end point §) on the
contour can be connected with four different arcs
of the same radius. The arcs have different lengths
and curvatures.

Larger arc: CCA>180°
{arc is ionger than a semicircle}
Input: Radius R with negative sign (R<0).

Smaller arc: CCA<180°
(arc is shorter than 8 semicircle)
Input: Radius R with posttive sign (R>0).

» For a full circle, two G0D2/G03 blocks must be programmed in

N\

®

Fig. 5.28:  Circular path from () to ) with
radius R
E1=82
S1=E2 -
Fig. 5.29:  Full circle with two G02 blocks

CCA>180°

CCA<180°

Fig. B.30:  Arcs with central angles greater than and less than 180°

TNC 425/TNC 415 B/TNC 407
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5 Prograrnming Tool Movements

5.4 Path Contours — Cartesian Coordinates

Contour curvature and direction of rotation

The direction of rotation determines the type of arg:
¢ Convex (curving outward), or

G02 G41 (R<0)

Fig.5.31: Convex path

+ Concave {curving inward)

G03 G41 (R>0)

Fig. 5.32: Concave path

To program a circuiar arc with a defined radius:

e A
a Circle, Cartesian, clockwise

A -

' ™
[z] a Enter the coordinates of the arc end point,

for example X = 10mm, ¥ = 2 mm

8

- -

B Enter the radius of the arc, for example R = 5 mm, and determine the
size of the arc using the sign (negative in this exampie)

Further entries, if necessary:

* Radius compensation
* Feedrate
* Misceltlaneous function

Resulting NC block: GO2 G41 X+10 Y+2 R-5
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5 Prograrmming Tool Movernents

5.4 Path Contours — Cartesian Coordinates

Example for exercise: Milling a concave semicircie

-

~

Semicircle radius: R = 50mm
Coordinates of the Zh
arc starting point: X = 0
Y = 0
Coordinates of the
ar¢ end point: X =100 mm
Y = 0
Teol radius: R = 25mm
Milling depth: Z =-18mm
(. _J N, -
Part program )
%S5231 G71 * - eereteeene e enee e eeere e eeeen. BEQIN the program
N10 G3C G17 X+0 Y+0 2-20 fol OSSP Define the workpiece blank
N20 G31 GO0 X+100 Y+100 Z+0 *
N30 G8S T1 L+O R+28 *, +eurer. Define the tool
N40 Tt G17 S780 * SRTUUSUURRURUVOOURURUVOPR 0 | B {y1-3 (ols]
N50 GOO G40 G380 Z+1 00 M06 * ..... Retract and insert tool
NB0 X+25 ¥-30 *. e m v ereraeresrennseneneneneeenenes PIE-PASITION in the working plane
N70 Z=18 MO3 * ..ot Move tool to working depth
NBO GO1 G42 X+0Y+0 F100 % e eveeeneennn. Approach the contour with radius compensation at
machining feed rate
NS0 G2 X+100 Y+0 R-B0 ™ .o Mill arc to end point X = 100mm, ¥ = 0;
radius = B0mm, direction of rotation negative
N100 GOO GAO X+70 Y=30 * .o, Depart the contour, cancel radius compensation:
N110 ZH100 MOZ ® oo ceeeeeeee e RRETFACE IN the Infeed axis
N999989 %5523 G71 *
523
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5 Prograrmming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G06: Circular path with tangential connection

The tool moves on an arc that starts at a tangent
with the previously programmed contour efement.

A transition between two contour elermnents is *----- AR o 3
1angential when there is no kink or corner at the
intersection between the two contours — the - -

transition is smooth. Pt -~ 1

Input .
Coordinates of the end point of the arc, - @

Prerequisites

¢ The contour element to which the arc with GO& Fig. 5.33: The straight line I - (3) is connected tangentially to the
is to tangentially connect must be programmed circuler are § - ©
directly before the GO6 block.

* Before the G086 block there must be at least two
positioning blocks defining the contour element
which tangentially connects o the arc.

Fig.5.34: The path of a tangential arc depends on the preceding
contour elerment

@ A tangential arc is a two-dimensional .c:vpe'ré‘,cion:' the coordinates in the GO6 block and in the positioning block
preceding it must be in the plane of the arc.. .

To program a circutar path G06 with tangential connection:

m B Circular path with tangential connection }
o~

1 Enter the coordinates of the arc end point in incremental dimensions,
a . for example X = 50 mm, Y =-10 mm

X80
00 8

Further entries, if necessary:

* Radius compensation
+ Feed rate
+ Miscellaneous function

Resufting NC block: GO6 G42 G971 X+50 Y-10 *
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5 Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

Example for exercise: Circular arc connecting to a straight line

o~ ™ ~
Coordinates of the transition ZA
point from the straight
line to the arc: X = 10mm
Y = 40 mm
Coordinates of the
arc end point: X = 50 mm
Y = 50 mm
Milling depth: Z =-15mm
Tool radius: R = 20mm

Part program

%SBZBl G77T * ieivcmiisiermrsieenee e
N10G30 GT7 X+0Y+0Z-20 % L
N20 G31 G20 X+100 Y+100 Z+0 *

N30 GO9S T12 L-25 R+20 * (e
NAQ T12 GT7 STO00 ™ e
NS0 GO0 G40 G0 Z+100 MOB * ...
NBO X+30 Y=30 % .
N7O Z=15 MO3 * oo
N80 G071 G41 X+50 Y+0 F100 * s

NOO XA T 0 Y B0 e eeee e eree e eaesesveneen
NGO GOB X+BO Y+B0 ™ oo eeeireenrac s

NT10 GOT X+100 % s
N120 GO0 G40 X+130Y+70 % e
N130Z+100 MOZ ™ Lo e
N99303 %5525 G71 *

Begin the program
Define the workpiece blank

Define the 100l

.. Call the tooi

Retract and insert tool

Pre-position in the working plane

Move the tool 1o working depth

Approach the contour with radius compensation at
machining feed rate

Straight line to which the arc tangentially connects
Arc to end point X = 50 mm, Y = 50 mm; connects
tangentially to the straight fine in block N9Q

... Complete the contour

Depart the contour, cancel radius compensation
Retract in the infeed axis

TNC 425/TNC 415 BfTNC 407
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5

Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G25: Corner rounding

The tool moves in an are that is tangeniially
connected to both the preceding and following @
contour elements.

(25 is used 1o round corners.

Input

+ Radius of the arc
* [Feed rate for the arc

Prerequisite

The rounding radius rmust be jarge enough to @
accommodate the tool.

Fig. 5.35: Rounding radius R between G1 and G2

o biocks both coordinates mdét;ie"i'n;';che,_plane'éfithé:ér_c- S

teprogramme G625 ffécttveon}y i"n.'that block_ A‘f_té_r ﬂlerSbIGCkr“fheﬂ'e OUS‘ieed .

4 m EnT Enter the rounding radius, for example R = 10 mm

, bt i
n a Enter the feed rate for corner rounding, for exampie F = 100 mm/min

L erer

Resulting NC block: G25 R 10 F 100

526
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5 Programming Tocl Movements

5.4 Path Contours — Cartesian Coordinates

Example for exercise: Rounding a corner

%5527 G711 *
N10 G30 G17 X+0Y+0 Z-20
N20 G317 GO0 X+100 Y+100 Z+0 *
N30G93 T7 L+0R+10 *
N40T7 G¥7 S1500 *
NB0 GO0 G40 G0 Z+100 MOB ™ ..
NB0 X-10Y-5 * o

N70 Z-15 MO3 *
N80 G071 G42 X+0 Y+5 F100 *

NSG X+95 *
NT100 G25 R20 * et

N110¥+100 *
N120 GOO G40 X+120 Y4120 * ooooeoroeoeoooorososoeoe
NI130 Z+100 MOZ * e
NS99989 %S527| G71 *

N

Coordinates of

the corner point: X = 95 mm

Y = 5mm Zi

Rounding radius: R = 20 mm
Milling depth: Z =-15mm
Tool radius: R = 10 mm
Part program

.. Pre-position in the working plane

.. Second straight line for the corner

Begin the program
Define the workpiece biank

Define the tool
Cali the tool
Retract and insert tool

Move the tool to working depth

Approach the contour with radius compensation at
machining feed rate

First straight line for the corner

Insert a tangential arc with radius R = 20 mm between
the contour elements

Depart the contour, cancel radius compensation
Retract in the infeed axis

TNC 425/TNC 415 BfTNC 407
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5 Programming Tool Movements

5.5 Path Contours - Polar Coordinates

Polar coordinates are useful with:

* Positions on circular arcs
* Workpiece drawing dimensions in degrees

Polar coordinates are explained in detail in the
section “Fundamentals of NC” {page 1-11).

Polar coordinate origin: Pole |, J, K

The pole can be defined anywhere in the program before blocks
containing polar coordinates. Similar to a gircle center, the pole is defined
in zn [, J, K block using its coordinates in the Cartesian coordinate
system. The pole remains in effect until a new pale is defined. The
designation of the pole depends on the working plane:

Working piane Pole
XY I, J
YZ J K
ZX K 1

G10: Straight line with rapid traverse
G11: Straight line with feed rate F ...

* Values from -360° to +360° are permissible for the angie H

* The sign of H depends on the angle reference axis:
Angle from angle reference axis to R is counterclockwise: H>0
Angle from angle reference axis to R is clockwise: H<0

Fig. 5.36: The pole is the same &s a circle
center

Yi

Fig.5.37: Contour consisting of straight
lines with polar coordinates

B Straight line in polar coordinates with rapid traverse

-

@ a Enter radius R from pole to end point of line {here, R =5 mm)
v

a Enter angle H from angle reference axis to R there, H = 30°)

Resulting NC block: G10 R5 H30 *

5-28
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5 Programrming Tool Movements

5.5 Path Contours - Poiar Coordinates

Practice exercise: Milling a hexagon

TNC 425/TNC 415 B/TNC 407

Corner point coordinates: (
H = 180° R = 45 mm
©) Za
@ H = 120° R = 45 mm
@ H = 80° R = 45 mm
@ H = o° R = 45 mm
& H = 300° R = 45 mm
@® H = 240° R = 45 mm
Milling depth: Z =-10mm
Tool radius; R = 5mm
p. LN 7
Part program
Y6 S5301 G7T ¥ et Begin program
N10G30 GT7 X+0 Y+0 Z-20 * ......oceoiiieer e Define the workpiece blank
N20 G31 GO0 X+100 Y+100 Z+0 *
N3G TT L+OR+T7 ¥ e Define the tool
NAG T1 G17 83200 ™ .o e Call the too!
N50 GO0 G40 G0 Z+100 MOB * ... Retract and insert tool
NGB0 1+50 J+50 * - Set pole
N70 G10 R+70Q H-1 90 *. .. Pre-position in the working plane with polar
coordinates
NBO Z-TO MO3 ¥ e e Move tool 10 working depth
N0 G111 G241 R+45H+180F100 * ................. Move to contour point 1
NTOO H+320 ™ s Move to contour point 2
NTTO HHBO ™ e eee e s nns Move to contour point 3
N120 GBT H-B0 * ... MIOVE O CONtOUr point 4, incremental dimensions
NI30 GBO H-BO * .o, Move to contour point 5, absolute dimensions
NT40 H4240 * et Move to contour point 6
NIBO HA380 ™ ettt ra s Move to contour point 1
N16C G10 G40 B+70 H+170 * ..o v Depart contour, cancet radius compensation
NIZQZ+TO0 MOZ ® oo aeaeea Retract in the infeed axis
NS999g %S5630! G717 *
A v
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5

Prograrnming Tool Movements

5.5 Path Contours — Polar Coordinates

G12/G13/G15: Circular path around pole |, J, K

The polar coordinate radius is also the radius of the arc. It is defined by the
distance from the starting point (§ to the pole.

Input

* Polar coordinate angle H for the end point of the arc

Defining the direction of rotation

Direction of rotation

* Clockwise G12
* Counterciockwise Gi3
* No definition Gi5

{the last programmed direction of rotation is used)

Fig. £.38: Circular path around a pole

@) ]2

Circle, polar coordinates, clockwise

-

580

Enter angle H for the end point of the arc (here, H = 30°%

Cenfirm entry

Further entries, if necessary;
Radius compensation R
Feed rate F

Miscellaneous function M

Resulting NC block: G12 H30 *

5-30
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5 Programming Too! Movements

5.5 Path Contours — Polar Coordinates

Practice exercise: Milling a full circle

[ ) ' )
Circle center :
coordinates: X = B0 mm ZA
Y = B0 mm

Radius: R = 50mm

Milling depth: Z = -5mm

Tool radius: R = i5mm

- J N ,

Part program

%S532i G71 * ... Begm the program

N10G G30 G17 X+O Y+O 2—20 * rertereeeniner e e e mene e DETINE the warkpiece blank

N20 G31 G9O X+100 Y+100 Z+0 *

N30 GO8 T25 L0 R 18 % et Define the tool

N40 T25 G17 §1500 * rrerrerrressarntneresssnesstassseassenneennsenneennn. GBI The 100l

N50 GO0 (G40 G20 Z+100 M06 i Retract and insert tool

NEO I+B0 J+4B0 ® Lo Set pole

N70 GO R+70 H+280 * v v ee e PTE-POSTtiON in the working plane with
polar coordinaties

N80 7-5 M03 * st e eeeeeee . IVIOVE 1001 10 working depth

N9O G11 G41 R+50 H—90 F100 e APDTOECH the contour with radius compensation
at machining feed rate

NTOO G268 R0 X et ee e e an Soft {tangential} approach

NTI0 GI1Z He270 * et rnessen e CIFCIE 10 €nd point H = 270°, negative direction
of rotation

NTZ0 G27 R10 % ettt Soft (tangentiall departure

NI130GT0 G40 R+70 H=TT0 * L Depart contour, cancel radius compensation

N140Z+100 MOZ * ... RETFACE N the infeed axis

N98999 %S5321 G71 *
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5  Programming Tool Movements

5.5 Path Contours — Polar Coordinates

G16: Circular path with tangential transition

Moving on & circular path, the too! transitions tangentially to the previous \'4 |
contour element {(D to @) at @. | O @

Input:

* Polar coordinate angle H of the arc end point &
» Polar coordinate radius R of the arc end point €

i
i

- -
I

Fig. 5.39: Circular path around a pole with
iangential transition

@5 » Théwansitonpointmust be exactly defined. . S
‘e The poleisniot thecenter-of the contour arc.. - - C o L

n B Circle, polar coordinates, with tangential transition J
>

. m Enter distance R from arc end point to pole {(here, B = 10 mm)
v

Ba Enter angle from reference axis to R (here, H = 80° and
= confirm entry

Further entries, if necessary.

—

o

Radius compensation R
Feed rate F
Miscellaneous function M

Resufting NC block: G16 R+10 H+80*
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5 Programming Tool Movements

5.5 Path Contours — Polar Coordinates

Helical interpolation

A helix is a combination of circular motion in a main
plane and linear motion in a plane perpendicuiar to
the main plane.

Helices can only be programmed in polar
coordinates.

Applications

You can use helical interpolation with form cutters
to machine:

* Large-diameter internal and external threads
* | ubrication grooves

Fig. 5.40: A helix combines circular motion with linear motion
input

+ Totai incremental angle of tool traverse on the helix
+ Tota! height of the helix

Total incremental angle

Calculate the total incremental polar angle G91 H as follows:
H = n-360°,

where n is the number of revoiutions of the helical path.

G21 H can be programmed with any value from =5400° to +5400°
{i.e., upton=15) :
Total height

Enter the height h of the helix referenced to the tool axis. The height is
determined as foliows:
h =n-P,

where nis the number of thread revolutions and Pis the thread pitch.

Radius compensation

Enter the radius compensation for the helix Internal thread | Work direction | Rotation | Radius comp.

according to the table st right. Right-handed 7+ G132 Ga1
Left-handed Z+ G12 G42
Right-handed - G12 G42
Left-handed Z- G13 G41

External thread | Work direction | Rotation | Radius comp.

Right-handed Z+ G13 G42
Left-handed Z+ G12 G41
Right-handed Z~ G12 Ga1
Left-handed - G13 G42

Fig. 5.41: The shape of the helix determines the direction of rotation
and the radius compensation

TNC 425/TNC 415 B/TNC 407 ‘ 833



5

Programming Tool Movements

5.5 Path Contours — Polar Coordinates
To program a helix:
{ Helix, clockwise
Enter the total angle through which the tcol is 1o move on the helix in
incremental dimensions (here, H = 1080°).
\ A
Enter the height of the helix in the tooi axis, likewise in incremental
dimensions (here, Z = 4.5 mm).
Confirm your entry.
Further entries, if necessary:
Radius compensation
Feedrate F
Miscellanecus function M
Resuiting NC block: G12 G917 H+1080 Z+4.5 *
534 TNC 425/TNC 415 B/TNC 407




5 Programming Tool Movements

5.5 Path Contours — Polar Coordinates

Example for exercise: Tapping

Given data
Thread:
Right-handed internal thread M84 x 1.5
Pitch P: 1.5 mm
Starting angie Ag 0°
End angle A 360°=0°atZ =0
Thread revolutions n_: 8
Thread overrun;
* at star of thread ng; 05
* at end of thread n.: 05
Number of cuts: 1
- J ) J

Calculating the input values

* Total height h: h=P-n
P=15mm
n=n,+n.+n.= 9
h= 13.5mm

* |ncremental poiar coordinate angle H: H=n-360°
n = 9 {see total height h}
H = 360°-9 = 3240°

= Starting angle A with thread overrun ng ng=05

The starting angle of the helix is advanced by 180° (n = 1 corresponds
0 360°). With positive rotation this means
A with ng = A, —180° = ~180°

» Starting coordinate: Z=P(n_+n)

Z. is negative because the thread is being cut in an upward direction
towards Z_ = Q.

N99999 % 56361 G71 *

Part program

%5536l G7T ™ e Begin the program

N10 G30 G17 X+0 Y+0 Z-20 * ................. Define the workpiece blank

N20 G371 G0 X+100 Y+10C Z+0 *

N30GI9T1T L+0R+5* e Define the tool

NADT11 G17 82500 % e, Call the tool

N50 GO0 G40 G90 Z+100MOB * ... Retract and insert tool

N60 X+50 Y+30 * Pre-position in the working plane to the center of the hole
N70G29* ... Transfer position as peole

NBOZ=12 MO3 * e Move tool to starting depth

NS0 G171 G41 R+32 H-180 F100 * ... Approach contour with radius compensation at machining feed rate
N100 513 G991 H+3240 Z+13.5 F200*  Helical interpolation; angie and movement in infeed axis are incremental
N110 GO0 G40 G0 X+60 Y+30 * ....... ..... Depart contour (absolute}, cancel radius compensation
N120Z+100MQ2 * ... - Retract in the infeed axis

TNC 425/TNC 415 B/TNC 407
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5 Programming Tool Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

5.6 M Functions for Contouring Behavior and Coordinate Data

The following miscellaneous functions enable you to change the TNC's
standard contouring behavior in certain situations:

Smocthing corners

Inserting rounding arcs at non-tangential straight-line transitions
Machining small contour steps

Machining open contours

Programming machine-referenced coordinates

*» & & 2 »

Smoothing corners: M90

%

Standard behavior — without M90

The TNC stops the axes briefiy at sharp transitions such as inside corners
and contours without radius compensation.
Advantages:

* Reduced wear on the machine
* High definition of corners (outside)
Note:

In program blocks with radius compensation- {G41/G42), the TNC
automatically inserts a transition ar¢ at outside corners.

Smoothing corners with M90

At corners, the tool moves at constant speed. Advantages:

+ A smoother, more continuous surface
+ Reduced machining time

Example application:
Surface consisting of a series of straight line segments.

Duration of effect

Servo lag mode must be selected. MS0 is only effective in the blocks in
which it is programmed.

lndependently of MQU ya 1can ase frack
alrmxt va{ue upto whrch the:toe} nr}_pv Aty

Fig. 5.42:

Standard contouring behavior at
(40 without M30

Fig. 5.43:

Behavior at G40 with M30

5-36
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5 Prograrmming Tool Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

Machining small contour steps: M97

Standard behavior - without M97

The TNC inserts a transition arc at outside corners.
If the contour steps are very small, however, the
tool would damage the contour. In such cases the
TNC interrupts program run and generates the error

rmessage TOOL RADIUS TOO LARGE.

Machining contour steps — with M97

The TNC calculates the contour intersection ®
{see figure) of the contour elements — as at inside
corners — and moves the tool over this peint. M97
is programmed in the same block as the outside
corner point.

Duraticn of effect

M7 is effective only in the blocks in which it is
programmed.

-
X

Fig. 5.44:  Standard contouring behavior without M97 when the control
would not generate an error message

Fig. 5.45: Contouring behavior with M37

@ A comer machined with M97. will not be comp]etety finished. it may have to..be-fewdrked with a smallef tool. -

Program structure

-~

NE0

\

NS GO9L . R420 et reeieie e
N20 GOTX .Y o MIT7 e
N30 G971 Y=0,5. e
NSO Y+O.5MO7 e

GO0 X Y e e

Large tool radius

Move to contour point 13
Machine small contour step 13-14
Move to contour point 15
Machine smalf contour step 15-16
Move to contour point 17

The outside corners are programmed in blocks N20 and N50. These are
the biocks in which you program M97.

TNC 425/TNC 415 BfTNC 407
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5 Programming Tool Movernents

5.6 M Functions for Contouring Behavior and Coordinate Data

Machining open contours: M98

Standard behavior - without M98

The TNC calculates the intersections (§) of the
cutter paths and moves the tool in the new
direction at those points. If the contour is open at
the corners, however, this wiil result in incomplete
machining.

Fig. 5.46: Tool path without M98

Machining open corners with M38

With M88, the TNC temporarily suspends radius
compensation 1¢ ensure that both corners are
compietely machined.

Duration of effect

M38 is effective only in the blocks in which it is
programmed.

Fig. 5.47: Tool path with M98

Program structure

N1O XY o GATF s Move to contour point 10
N20 X .. Y- MS8.iins Machine contour point 11
N30 X 4 ot ciecerrtrssr st s Move to contour point 12
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5 Programming Tooi Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

Programming machine-referenced coordinates: M31/M92
Standard setting

Coordinates are referenced to the workpiece datum (see page 1-12).

Scale reference point

The position feedback scaies are provided with one or more reference
marks. Reference marks define the position of the scale reference point. i
the scale has only one reference mark, its position is the scale reference
point. if the scale has several — distance-coded - reference marks, then
the scale reference point is the position of the leftmost reference mark (at
the beginning of the measuring range).

Machine datum - misceilaneous function M91

The machine datum is required for the following
tasks:

¢ Defining the limits of traverse (software limit
switches)

* Moving 1o machine-referenced positions {such
as tool change positions)

+ Setting the workpiece daturn

1§ m

X(Z,Y)

The distance for each axis from the scale reference
point to the machine datum is defined by the
rmachine manufacturer in a machine parameter.

If you want the coordinates in a positioning block to
be referenced to the machine datum, end the block
with M21.

Fig. 5.48: Scale reference point -¢- and machine datum -@- on

. ) . scales with one or mare reference marks.
Coordinates that are referenced to the machine

datum are indicated in the display with REF.

Additional machine datum - miscellaneous function MS2

In addition to the rnachine datum, the machine
rmanufacturer can also define an additional machine-
based position as a reference point.

For each axis, the machine manufacturer defines
the distance between the machine datum and this
additionai machine datum.

if vou want the coordinates in a positioning block to
be based on the additional rmachine datum, end the
block with M32.
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5 Prograrnming Toot Movernents

56 M Functions for Contouring Behavior and Coordinate Data

Workpiece datum

The user enters the coordinates of the datum for

workniecs machining in the MANLIAL OPERATIOWN
WOorKpiece machining in the MANUAL LIFohnALIUN

mode (see page 2-6). z

If you want the coordinates to always be
referenced to the machine datum or to the
additional machine daturn, you can inhibit datum

AR s £ e s s

setling 1or one or Mmore axes.

If datum setting is inhibited for all axes, the TNC no
longer displays the DATUM SET soft key in the
MANUAL OPERATION mode.

Fig.5.49: Machine datum @ and workpiece datum 4
lunging movements: M103 F...

Standard behavior - without MT03 F...

The TNC moves the teol at the last programmed feed rate, regardless of
the direction of traverse.

Reducing the feed rate during plunging — with M163 F...

The TNC reduces the feed rate for movement in the negative direction of
the tool axis to a given percentage of the last programmed feed rate:

Famx = Fenos * Fa

Foux . Maximum feed rate in negative 100l axis direction
Fercg ©  Last programmed feed rate

Fe.: Programmed facter behind M103, in %
Cancelling

M103 F... is canceled by entering M103 without a factor,
Example

Feed rate for plunging is to be 20% of the feed rate in the plane
Actuzl contouring feed rate
[mm/min]
with override 100%

GO01 G41 X+20 Y+20 F500 M103 F20 800
Y+50 500
G817-25 100
Y+57-5 367
X+50 500
GO0 Z+5 500

540 TNC 425/TNC 415 BfTNC 407



5 Programming Tool Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

Feed rate at circular arcs: M109/M110/M111
Standard behavior - M111

The programmed feed rate refers to the center of the tool path.

Constant contouring speed at circular arcs {feed rate increase and decrease) - M109

The TNC reduces the feed rate for circular arcs at inside contours such
that the feed rate at the tool cutting edge remains constant. At outside
contours the feed rate for circular arcs is correspondingly increased.

Constant contouring speed at circuiar arcs (feed rate decrease only) - M110

The TNC reduces the feed rate for circuiar arcs only at inside contours. At
outside contours the feed rate remains the same.

Insert rounding arc between straight lines: M112E...
Standard behavior — without M112E...

A contour consisting of many short straight lines is normailly rmachined
such that the corners are cut as exactly as possible.

Insert rounding arc between straight lines - with M112E...

The TNC inserts a rounding arc between two straight lines. The size of the
arc depends on the machine tool. It is calculated by the TNC such that the
programmed feed rate (override setting 100%) is maintained at the
rounded corner. If this is not possibte, the TNC automaticaily decreases
the feed rate.

You can enter a tolerance vaiue E that defines the maximum permissible
deviation from the prograrmmmed contour. When necessary, the TNC will
reduce the feed rate in order to maintain the programmed tolerance.

Duration of effect

M112 E.. is effective during operation with feed precontrol as well as with
servo lag.

Fig. 5.50: Permissible deviation from the

Cancelling programmed contour

To cancel M112 E, enter M113.

TNC 425/TNC 415 BfTNC 407




5

Programming Tool Movements

5.6 M Functions for Conteuring Behavior and Coordinate Data

Automatic compensation of machine geometry when working with tilted axes: M114
{not TNC 407}

Standard behavior - without M114

The TNC moves the tool to the positions given in
the part program. The tool offset resulting from a
tilted axis and the machine geometry must be
calculated by a postprocessor.

Automatic éompensation of machine
geometry - with M114

The TNC compensates the tool offset resulting
from positioning with tilted axes. It calculates a 3D
iength compensation. The radius compensation
must be calculated by a CAD system or by a
postprocessor. A programmed radius compensation
(RL or RR) resuits in the error message ILLEGAL
NC BLOCK.

Thus if you write the NC program with a
postprocessor, the machine geometry does not
have 10 be calculated.

If the tool length compensation is calculated by the

TNC, the programmed feed rate refers to the point
of the tool; otherwise, it refers to the tool datum.

Cancelling
M114 is cancelied by M115 or by a N89 992 block.

@ The mét:hiné geometfymustbedef' e

Fig. 5.51: Offset of the tool datum for tiiting the oot

P7510-and following. -

TNC 425/TNC 415 B/TNC 407



5  Programming Tool Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

Feed rate in mm/min on rotary axes A, B, C: M116

Standard behavior - without M116

The TNC interprets the prograrmmed feed rate in a rotary axis in degrees
per minute, The contouring feed rate therefore depends on the distance
from the tool center to the center of the rotary axis. The larger this
distance becomes, the greater the contouring feed rate.

Feed rate in mm/min on rotary axes - with M116

The TNC interprets the programmed feed rate in a rotary axis in mm/min.
The contouring feed rate is therefore independent of the distance from the
tool center to the center of the rotary axis.

Duration of effect

M116 is effective until the prograrn ends (END PGM block}, whereupon it
is automatically cancetled,

M) e maching georetry must bé ertered 13 mactine Rarameters 7510 1. by the fachins too buiier.

Superimposing handwheel positioning during program run: M118 X... Y... Z...

Standard behavior — without M118

in the program run modes, the TNC moves the tool as defined in the part
program.

Superimposing handwheel positioning with M118 X... ¥... Z...

M118 enables manual adjustments 1o be made with the handwheel during
program run. The range of this superimposed movement is entered
behind M118 {in mm} in axis-specific values for X, Y and Z.

Cancelling

M118 X... Y... Z... is cancelled by entering M118 without the values for X,
Y and Z.

Example

You wish to use the handwheel during program run 1o move the tool in
the working plane X/Y by 1 mm.

NC block: L X+0 Y+38.5 RL F125 MT18 X1 Y1

e e o T il
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5 Programming Tool Movements

5.7 Positioning with Manual Data input: System File $MDI

5.7 Positioning with Manual Data Input: System File $MDI

in the positioning with MDI mode you can program the system fite $MDI.1
{or $MDI.H} for immediate execution. $MDI is programmed like any other
part program.

Applications

¢ Pre-positioning
¢ Face milling

To program the system file $SMDi:

Select MDI operating mode
-
[Program EMD] as desired ]

To execute the system file SMDI:

B |

Select POSITIONING MANUAL DATA INPUT operating mode

.

Start program run

@ The system ﬁle $MDI must net con x

5-44 TNC 425/TNC 415 BfTNC 407



5 Programming Too! Movements

5.7 Positioning with Manual Data input: System File $MD)

Exampie application

Correcting workpiece rnisalignment on machines with rotary tables.

Make a basic rotation with the 3D touch probe, write down the
ROTATION ANGLE, then cancel the basic rotation again.

+ Change the operating mode

P | POSITIONING MANUAL DATAINPUT

QOpen the system file $MDI

= Program the rotation

a a « Select the rotary table axis
+ Enter the ROTATION ANGLE you wrote down
-

Confirm your entry

(

The rotary axis corrects the misalignment

ol

— J L JL
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8

Subprograms and Program Section Repeats

6

Subprograms and Program Section Repeats

Subprograms and program section repeats enabie you to program a

machining sequenice once and then run it as often as desired.

Labels

Subprograrns and program section repeats are marked by labels.
A label is identified by a number between 0 and 254. Each label (except

label 0} can be set only once in & program. Labels are set with G98.

LABEL 0 marks the end of a subprogram.

6.1 Subprograms

Sequence

The main program is executed up to the block in
which & subprogram in called with Ln, 0 ((T)).

The subprogram is then executed from beginning to
end (GS8 LO) (@)

The main program is then resumed from the block
after the subprogram call ()}

Operating limitations -

A main program can contain up to 254
subprograms.

Subprograms can be called in any sequence and
as often as dasired.

A subprogram cannot call itself.

Subprograms should be written at the end of the
main program {behind the block with M2 or
M30).

If subprograms are located before the block with
MO02 or M3G, they will be executed at least once
even if they are not called.

Nt

N9999g

% .. *

¢

L1,0*

;o e

Z+100M2*
Gos L1 * «

!

Gos Lo *

% ... *

Fig. 6.1:

Flow diagram for subprogramming

B=jump

B= retun jump

6-2

TNC 425/TNC 415 B/TNC 407



6 Subprograms and Program Section Repeats

6.1 Subprograms

Programming and calling subprograms
Mark the beginning:

-

a B Select the label setting function.
~

-

LABEL NUMBER?

@ The subprogram begins with (for example) iabel number 5.

Resuiting NC block: G398 L5 *

Mark the end:
A subprogram always ends with label number Q.

G a B Select the label setting function.
-

" LABEL NUMBER?-

a @ End of subprogram.

Resuiting NC block: G98 L0 *

Call the subprogram:

A subprogram is called by its label number.

[ B - a Call the subprograrn behind label 5.

Resulting NC block: L5,0 *

@ The command L0,0 s not permitted Gabel 043,6niy used to rﬁékk-ihe end of a subprogram). .-

TNC 425/TNC 415 B/TNC 407
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6

Subprograms and Program Section Repeats

6.1

Subprograms

0

Example for exercise: Group of four holes at three different locations

' [
The holes are drilled with cycle GB3 PECKING.

Enter the setup ¢learance, feed rate, etc. in the

ZA

cycie once. You can then call the cycle with

miscellanecus function M2 isee page 8-3).

Coordinates of the first hoie in each group:

Group (D X =15mm Y = 10mm

Group & X =46mm Y = 60mm

Group 3 X= 75mm Y = 10mm

Hole spacing: X =20mm

Y = 20 mm
Total hole depth: Z = 10mm
Hole diameter: @=5mm
\ J — /

Part program

BSBA GT1 % e STATT PROGFAM

N10G30 G17 X+0Y+0Z-20* ..o Define blank form

N20 G371 G0 X+100 Y+100 Z+0 *

N30 GO9 T1 L0 R+2,5 % Lot Define the tool

NAOTT GT7 83500 % .o e aaes Call the tool

NGB0 G83 P01 -2 P02 -10 P03 -5 P04 0

POB 100 ® Lo aesr vt e a s et e Cycle definition PECKING (see page 8-5)

"NE0 GO0 G40 GO Z+100MOB * ..o Retract and insert tool

N7OX+IB Y410 * e e, MIOVE 1O grOup 1

NBOZ+2Z MO3 * o Pre-position in the infeed axis

NBOL1,O ™ e e G SUDProgram {subprogram executed with biock N90)

NI0O X445 YEB80 * o Move 1o group 2

NTIOLLO * e, e aabr e e e eenba et Call subprogram

NIZO0X+75 Y10 % L. MIOVE 1O group 3

NIBOL1,0 % et eecve e s 81| SUDPrOgram

NT40 Z+T00 MO2 * Lot e ee . RETTACE I0 the infeed axis;
end of main program (M2); the subprogram is entered
behind M2

NIBO GOB LT * .ottt BEGINMING OF SUbprogram

NTB0 G789 * (it PEITOTM pECKIng cycle for first hole

N170 GOT X+20 MB9 ™ L e Move to second hole {incremental) and drill

N1BOY+20MBD * .t ee .. MOVE 1O third hole {incremental) and drill

NT190 X-20 G0 MBI * e Move to fourth hole (incremental) and drill; change to
absolute coordinates (G90)

N200 Go8 LO>...... et eree et reteabaeereene e naaarne e e e traanneeernn End of subprogram

NIS999 %6SBH G71 * e End of prograrm

TNC 425/TNC 415 BfTNC 407
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6 Subprograms and Program Section Repeats

6.2 Program Section Repeats

Like subprograms, program section repeats are

identified with labels.

Operating sequence

The program is executed up to the end of the % .. *
labelled program section (@) and @), i.e. up to the .
block with Ln,m. .
Then the program section between the called label ] G N
and the iabel call is repeaied the nurnber of times . - 98 Lj . .
entered after under m ({(3), @). ] @ ) @ ) @
The program is then resumead after the last ) ® ®
repetition (). ’ L1,2+
Programming notes M
Ng999s % ..*

+ A progrem section can be repeated up to 85 534

times in succession.

* The total number of times the program section is  Fig.6.2:  Flow diagram for & program section repeat;
executed is always one more than the pro- @® = return jump
grammed number of repeats.

Drrnnvarmriinsg and avanrdins o nramaram eandian ranand
r Iusl [~ 133130 1]] 5 QLI T, c‘lul"ls [~} 'Jl Usl @Al CwiLivel IFPEG‘.
Mark the beginning
P
G E m Select the label setting function.
=/ - "
i v
’
LABEL NUMBER ?
N ]
=2 Program section repeated starting at LABEL 7, for example
" =3
\ _J

Resulting NC block: GI8 L7 *

Enter the number of repeats in the block that calls the label. This is also
the biock that ends the program section.

[ en on on e
LU:J"-"u

END The program section from LABEL 7 up to this block will be repeated
=y ten times. This means it will be run a total of eleven times.

Resuiting NC block: L7,710 *

TNC 425/TNC 415 BfTNC 407
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6 Subpregrams and Program Section Repeats

6.2 Program Section Repeats

Example for exercise: Row of holes paraliel to the X axis

Coordinates of ' ZA
the first hole: X = 5mm
Y = 10mm
Hole spacing: X = 15mm
Number of holes: N = 8
Depth: Z = 10
Hcle diameter: g = Bmm

Part program

%5861 G771 * e e Start program

N10G30 G17 X+0Y+0Z-20 * ......c.ccecnveeneennee.... Define blank form

N20 G317 G20 X+100 Y+100 Z+0 *

N30 GO TI L+0 R+2,5 ™ s srenrnens Define tool

NAOTT G17 83500 * e Call tool _

NB0 GO0 G40 GO0 Z+100 MOB * ..o Retract and insert tool

NEO X-10 Y+10Z+2 MO3 * ... Pre-position to the point which is offset in negative X
direction by the hole spacing

N70 GOB L1 % e Start of the program section t¢ be repeated

NBC G971 X+15 * (e MOVE 10 drilling position (incremental dimension)

N9C G01 G90 Z-10 F100 * ceeremrerneenamnenene. DM {BbsOlUte dimension}

N100O GO0 Z+2 * .o - Retract

NTEO LT,5 % ettt Cali LABEL 1; repeat program section from block N70 to
block NT10 five times {total of six holes)

N120Z+100MO2 * (e eeeee .o RETTECE I the infeed axis

NS9999 %566l G771 *
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6 Subprograms and Program Section Repeats

6.2 Program Section Repeats

Example for exercise: Milling without radius compensation using program section repeats

-

Sequence:
* Upward rilling direction

* Machine the area from X=0to 50 mm
{program all X coordinates with the tocl
radius subtracted) and from Y=0 to
100 mm: G98 11

+ Machine the area from X=50 to X=100 rmm
{program &ll X cocrdinates with the tool
radius added) and from Y=0 to
100 mm: G98 L2

» After each upward pass, the tool is moved
by an increment of +2.5 mm in the Y axis.

~

The illustration at right shows the block
numbers containing the end points of the
corresponding contour elements.

Part program

%S671G71 *

N80 G80 Z-B1 *
NSO GC1 X+1 F100 *

N120 GO1 X+41 *
N30 GOC Z+10 *
N140 X-20 G91 Y+25 *

N180 GSC 7-51 *
N200 G071 X+99 F100 *

N230 G01 X+59 *

N240 GO0 Z+10 *

N250 X+120 G81Y+25*
N260 L2,40 *

N99899 %S671 G71 *

NTC G30 G17 X+0 Y+0 Z-70 %
N20 G31 GO0 X+100 Y+100 Z+0 *

N30 G911 L+0R+10* e
NAO TT GT17 ST750 % i

N100X+11,648 Z-20,2 % i
N110GOB X+40 240 * oo

NTBO GO0 Z+20 * .ot

NI70 X+120 Y=1 % e,
NT8O GOS8 LZ * ... ettt ee e e

NZ10X+88,354 7-20,2 * ..,
N220 GOB X+B0 Z+0 * oo

N270 GO0 Z+100 MOZ * e,

... Start program
.. Define blank form {note new values)

Define tool

Call tool

Retract and insert tool
Pre-position in the plane
Start of program section 1

Program section for machining from
X=0t0o50 mmandY = 0to 100 mm

Call LABEL 1, repeat program section from block
N70 to N150 forty times

Retract in the infeed axis

Pre-position for program section 2

Start of program section 2

Program section for machining from
X=5010 100 mmand ¥ =010 100 mm

... Call LABEL 2, repeat program section from block

N180 10 N260 forty times
Retract in the infeed axis

TNC 425/TNC 415 B/TNC 407
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6 Subprograms and Program Section Repeats

6.3 Main Program as Subprogram

Sequence

A program is executed (@) up to the biock in which
another program is called (block with %).

Then the other program is run from beginning to
end ().

The first program is then resumed beginning wuth
the block behind the program call (3)).

Operating limitations

* Programs called from an external data medium
{e.g., floppy disk) must not contain any subpro-
grams or prograrn section repeats.

* No labels are needed 1o call main programs as
subprograms.

+ The called program must not contain the miscel-
laneocus functions M2 or M30.

* The calied program must not contain a jump into
the calling program.

Calling a main program as a subprogram

N92899

— . %B..*

®

N99929 %E..*

Fig.6.3:  Fiow diagram of a main program as subprogram.

®

= jump, @ = return jump

3 [ PROGRAM NAME ?

S,

Enter the name of the program that you wish to call from this block.

. i

EXT WH .1

» (Call a plain-language program

* Callan 1SO program

* Call an externally stored program

Resulting NC block: % NAME

EXT

@ You. can also call 2 main program with cycle G39 (see page 8-48).

TNC 425/TNC 415 B/TNC 407



6 Subprograms and Program Section Repeats

6.4 Nesting

Subprograms and program section repeats can be nested in the following
ways:

s Subprograms within a subprogram

* Prograrn section repeats within a prograrn section repeat
+ Subprograms repeated

s Program section repsats within a2 subprogram

Nesting depth

The nesting depth is the number of successive levels in which program
sections or subprograms c¢an call further program sections or subpro-
grams.

Maxirnum nesting depth for subprograms: 8
Maximum nesting depth for calling main programs: 4

Subprogram within a subprogram

Program layout
% UPGMS G71 *

¢

e.g N17 L1,0% e Call SUbprogram at GO8 L1
e.g. N35 GO0 G40Z+100 M2 * .....cocevvevereecrinunnnen.. LSt block of main program (with M2)
N36 GOBLI* N

Subprogram 1
> with call of
subprogram 2

End of subprogram 1

.. End of subprogram 2

NS8999 % UPGMS G71 ¥ i cervrreenesesenne s ENA OF main program

Program execution

1ststep:  The main program UPGMS is executed up to block 17.
2nd step:  Subprogram 1 is calied, and executed up to block 38.

3rd step:  Subprogram 2 is called, and executed up to block 62.
End of subprogram 2 and return jurnp to the subprogram from which it was called.

4th step:  Subprogram 1 is called, and executed from block 40 to block 45.
End of subprogram 1 and return jump to the main program UPGMS.

Bth step:  Main program UPGMS is executed from block 18 to block 38.
Return jump to block 1 and end of program.

TNC 425/TNC 415 BfTNC 407 69



6 Subprograms and Program Section Repeats

6.4 Nesting

Example for exercise: Three groups of four holes (see page 6-4) with three different tools

Machining sequence;
Countersinking — Drilling — Tapping

Z A
@ . DRILLING: {see page-8-4):z
TAPPING' isee'page 8657
hole" groups:na.subprogtam white the h 100 >
. mg s performed m 2 second subpmgram : 75 N
. -15-—,-—20
Coordinates of the first hole in each group: ->| r<—20->!
@ X = 15mm Y = 10mm >
@ X=45mm Y = 60mm X
@ X= 7mm Y = 10mm
Hole spacing: X =20mm Y = 20mm
Hole data:
Countersinking IC= 2mm & = 7mm
Drilling ZD=1mm @ = 5mm
Tapping ZT = 10mm @ = 8§mm
Part program
%S6101 G71 * cerreererennnresne s e eemnenees S1ETT PrOGram
N10 G30 G17 X+0 Y+0 2—20 SO OURU RPN Define bank form
N20 G31 GS0 X+100 Y+100 Z+0 *
N30 GO9 T25 L+0 R+2,5 % ..o na e 10O definition for pecking
N40 GO9S T30 L+O R+3 * ....... vt e et e e e rrrnee s Tool definition for countersinking
NBO GOS8 T35 L+0 R+3.5 * .o TOO! definition for tapping
NBO T35 G17 S3000 * ..o Tool call for countersinking
N70 G83 P01 -2 P02 -3 P03 -3 P04 G
POB 100 ™ e s Cycle definition pecking
N80 L1,0* e e e e e G8IE SUDPTOgram 1
N9O T25 G17 S2500 * oo Tool call for pecking
N100 G83 P01 -2 P02 -25 P03 -10 P04 0
P05 150 * ceereeinenens CyCle definition pecking
N11C L1 O B ettt e e e eeanee e re b e aran e et e enrenees Call subprogram 1
N120 T30 G17 S100 *. weeeneeee 10O calf for tapping
N130 G84 P01 -2 P02 15 PO3 0 1Poa 100 F s Cycle definition tapping
N140£1,0 *. vrerrnreenreenenenne o8I SUDPTOgram 1
N150 Z+100 M02 S Retract in the infeed axis; end of main program
N160 G98 L1 * e eeneee. OTAMt SUbDrogram i
N170 GO0 G40 GIO X+15 Y410 MO3 * oo Move to hole group 1
N180 Z+2 * S, rtaeeeeeemeeeeneeennns PTE-DOSItION I the infeed axis
N190 L2,0 * eererteerarereesnaee e eme e s eeenenees. I SUDPrOgram 2
N200 X+45 Y+80 * ereeeeereterenerenanern e enseeenee e VIOVE 1O hOlE group 2
NZ10L2,0 % errtrrirereiestesseaseerreaaarseresramnesenenenes @ SUDPrOGram 2
N220 X+75 Y+10 = e remreerrne e ee e nssenneeeneeneen. MIOVE 10 hoOle group 3
NZ30E2.0 % e cevrrvrrreeevnees e enna oo, G8H SUBprogram 2
N240 G98 L0 * ettt e e anemensrrenascrnreseeresreeeenennees ENIG OF SUbProOgram 1
NZB0 GOB L2 ¥ v e ssesss s essaeeme e e Start of subprogram 2
N260 G79 *
NZ270 GO X+20 MO9 * ... i cernrreienseeeeeeen. DFAll holes with currently active cycle
N280 Y+20 M9 *
N290 X-20 G90 M2g *
N300 GOB LD * e End of subprogram 2
NS9999 %S6101 G71 *
L J
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5] Subprograrns and Program Section Repeats

6.4 Nesting

Repeating program section repeats

Program layout
% REPS G71 *

¢

e.g.N15 (GogL1*

Q9

......................... The program section between this block and G388 L {biock 20}

@ @ a is repeated twice

8.0 N35  L1,1 % e The program section between this block and G98 L1 (block
@ 15} is repeated once

NOS999 % REPS G71 *

Program execution

1st step: Main prograrn REPS is executed up to block 27.

2nd step: Program section between biock 27 and block 20 is repeated twice.
3rd step: Main program REPS is executed from block 28 to block 35,

4th step: Program section between block 35 and block 15 is repeated once.
5th step: Repetition of the second step within step @.

6th step: Repetition of the third step within step @.
7th step: Main program REPS is executed from biock 36 to block 50. End of program.

TNC 425/TNC 415 BfTNC 407
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6 Subprograms and Program Section Repeats

6.4 Nesting

Repeating subprograms

Program structure
% UPGREP G771 *

eg. NIO  GISL1 % SRS

N12 L22 T --om... Program section repeat
eg. N19 GOOG40Z+100M2* e, Last program biock of main program with M2
NZ0  GOBLZ ™ e Start of subprogram
eg. N28 GOBLO* e End of subprogram
NSS899 % UPGREPG71* v End of main program

Program execution
1ststep: Main program UPGREF is executed up to block 11.
2nd step: Subprogram 2 is called and executed.

3rd step:  Program section from block 12 to block 10 is repeated twice,
so subprogram 2 is repeated twice.

4th step:  Main program UPGREP is executed from block 13 to block 19. End of program.

812 TNC 425/TNC 415 B/TNC 407



7 Programming with Q Parameters

7.1

7.2

7.3

7.4

75

7.6

1.7

7.8

7.9

Part Families — Q Parameters in Place of Numerical Values .........7-4

Describing Cantours Through Mathematical Functions........c..wu.i.. 7-7

OVBIVIBW .. oottt et e e e et et vessemesmeemassabesbesbaearasast et ssebee s smmsmemee s anseannens 7-7
Trigonometric Functions........ccecvceuena. vassesesnsemneereetssennnnnnanne rereenee 7210
DIVEIVIBWW <.ttt e ettt e et e et e e e e et bt s b sa s sha e emnemams e ransamscec s emenanesenbR et s ee e 7-10

H-Then Decisions with Q Parameters ........cc.ccccenvceeecrmrmrmraennsessssssens 1711

S T o L= O OO P OO U SO P PR URRRU 7-11
Overview 71
Checking and Changing Q Parameters...........coccovcemereicniinenvennannne. 713
Diverse FUNCHONS .........ccccenicncninncecsrsenssass s simsssssmsssssnssesssnssosssenenes 12 14
Displaying eimor messages .o RSP IO P ORUNORRURY L P

Output through an external data interface ....ovveirirmrr e ccsrcmeceee e ceeenneeenene 110
Transfer to the PLC ...oooveeeees . 7-15

Entering Formulas Directly ........cccoovcnricnnscciccininncsnssisnsesnnsenses 716
OVEIVIEW OF TN OIS oot ieeiiei et eeerert s vesmrreeeesiases et earrn s eeasnessenssatesmansanesensssneensranamraes 7-16
RUIES FOF FOMTILIAS oot esee s s ta e sm e e e e e e smrae e s e eeme e s e e s e e e e nnanseaaasssanaris 7-18

Measuring with the 3D Touch Probe During Program Run...........7-19

Programming Examples................ eerreaneiasieeteteeeieeaesasesenrerannrnnntonnas

Rectangular pocket with island, corner rounding and tangential approach .
BOH FOIE CITCIE oeveerees et e e e e e seaseseeee et e seeemsteatassbeesrmesdameaasessseeesnseeareesrasnsseaseanramnneaans
FIDSE c-vvveteevieeeeeeete et seees s e see s e s e s et e ereeene s s s mneen s ang e b e s eac e enrnar e s
Hemisphere machined with end mill




7

Programming with Q Parameters

7 Programming with Q Parameters

Q Parameters are used for:
¢ Programming families of parts

¢ Defining contours through mathematical functions

An entire family of parts can be programmed on the TNC with a singie
part program. You do this by entering variables called Q parameters
instead of fixed numerical values.

Q parameters can represent inforrmation such as:

coordinate values
feed rates

tprm

cycle dats

Q parameters are designated by the letter Q and a number between ( and
118.

Q parameters also enable you 10 program contours that are defined
through mathematical functions.

In addition, you can use Q parameters to make the execution of machining
steps depend on certain logical conditions.

You can mix Q parameters and fixed numerical values within & pro-
gram.

Fig. 7.1: Q parameters as variables

You can enter the individual Q parameter functions either biockwise (see
page 7-7} or together in a formula through the ASCI! keyboard (see page
7-16}.

Use the soft key PARAMETER to select the Q parameter functions. The
following soft keys appear, with which you can select function groups:

BRASIC -
AR ITH- TRIGDH JUMP DIVERSE FORMULA
METIC NOMETRY FUNCT ION

END

7-2
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7 Programming with ( Parameters

Functions Soft key
Basic arithmetic {assign, add, subtract, multiply, nBERrSTII-l e
divide, square root) METIC
Trigonometric functions TRIGO-
NOMETRY
If/Then conditions, jumps JUMP
Other functions DIVERSE
FUNCTION
Enter formula directly from keyboard FORMULR

TNC 425/TNC 415 B/TNC 407



7 Programming with Q Parameters

7.1 Part Families — Q Parameters in Place of Numerical Values

The Q parameter function D0: ASSIGN assigns numerical values to Q
parameters.
Example: Q10=25

This enables you to use variables in the program instead of fixed
numerical values.
Example: X + Q10 (= X + 25)

You only need 1o write one program for a whole
family of parts, entering the characteristic dimen-
sions as Q parameters. To program a particular part,
you then assign the appropriate values to the
individual Q parameters.

Example

Cylinder with Q parameters

Radius R =

Height H = Q2

Cylinder Z1: Q1 = +30
Q2 = +10

Cylinger Z22: Q1 = +10
Q2 = +50

Fig. 7.2: Part dimensions s Q parameters

To assign numerical values to Q parameters:
PRRA- Seiect PARAMETER.
METER

T~

BRSIC Select BASIC ARITHMETIC.
ARITH-

METIC

og Select DO: ASSIGN.

. - Enter the Q parameter number, for example 5.

FIRSTVALUETPARWER’ e

a . Enter a value or another Q parameter whose value is 10 be assigned
to Ob.

A\,

Resulting NC block: D00 Q5 POT +6*

7-4 TNC 425/TNC 415 B/TNC 40}




Programming with C Parameters

Q Parameters in Place of Numerical Values

Example for exercise: Full circle

r ™

) Zh
Circle center |, J: X = 50 mm
Y = 50 mm
Beginning and end
of circular arc C: X = 50 mm
Y = (0 mm
Miliing depth: Z, = -bmm
Tool radius: R = 15 mm
N v \

Part program without Q parameters

%S5201 G71 *
N10 G30 G17 X+'i Y+‘i Z—ZO f PR
N20 G371 GEOX+100 Y+100 Z+0 * e
N30 GOS T6 L+O R+15 % e,
N40 T6 G17 S1500 *
N50 GO0 G40 G9J Z+'100 MOB *.

NB0 X+50 Y40 * . ettt er et eent s ente e e e
N70 25 MO3 ™ e,
NBO 50 J4+50 *
N90 GO1 G41 X+50 Y+O F100 ™ oo

N100 G268 R10 ™ oot snrrens st eaee
NTT0 GOZ X480 Y+0 ¥ e

N120 G27 R10 *
N130 GOO G40 X+50 Y—40 * .

N140 Z+T00 MOZ ™ Lo
N99999 %S5201 G71 *

.. Start of program

Blank form MIN point
Blank form MAX point
Define tool

.. Call tool
..... Retract and insert tool
.. Pre-position in the working plane

Move tool to working depth

Coordinates of the circle center

Move to first contour point with radius compensation at
machining feed rate

Soft (tangential) approach

Mill arc arcund circle center |, J;

negative rotation; coordinates of end point
X=+B0mmandY = +0

.. Soft (tangential) departure
..... Depart contour, cancel radius compensation
.. Retract in the infeed axis

Continued on next page...

TNC 425/TNC 415 BfTNC 407.
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7 Programming with Q Parameters

7.1 Q Parameters in Place of Numerical Values

Part program with Q parameters

WBSTALGTT ¥ e, STATE OF program

N10 D00 Q1 POT +100 * ...eiiieicvieei ... Clezrance height
N20 D00 Q2 POT +30 * i Start position X
N30DOO Q3 PO =20 % e, Startfend position Y
N4ODOO Q4 POY +70 * i, ENG pOSItiON X

NBO DO0 QB POT =B % e cmvrrerenteie e e Milling depth

NG6G D00 Q8 P01 +50 * ... Circle center X
N70DO0 Q7 POT +50 * oo Circle center Y

NSO DO0 QB POT 450 ™ e Circle starting point X
NIO DO QO POT +0 * e Circle starting point Y
NTO0 D00 Q10 POT +0 * oo, 100! lENgth L
N1T1ODOO QU1 PO +1B ™ i, Tool radius R

N120 D00 Q20 POT +100 ™ e, Mitling feed rate F

N130 G30 G17 X+1Y+1Z-20 *

N140 G31 GO0 X+100Y+100Z+0 *

N150 G99 T6 L+Q10 R+Q11 *

N160 T6 G17 $1000 *

N170 GOO G40 G90 Z+C1 M6 *

NT180 X+Q2 Y+Q3 *

N190 Z+Q5 MO3 ™ e e Block NT30 to N260 correspondingly
N200 1+Q8 J+Q7 * .ooieeveeceveeeceveieenen.... Block N10 to N140 from program $5201.1
N210 G01 G41 X+Q8 Y+Q9 FQ20 *

N220 G26 R10 *

N230 G02 X+Q8 Y+Q9 *

N240 G27 R10 *

N250 GO0 G40 X+Q4 Y+Q3 *

N260 Z+Q1 M02 *

N99939 %5741 G71 *

76 TNC 425/TNC 415 B/TNC 407



7 Programming with Q Parameters

7.2 Describing Contours Through Mathematical Functions

Select the BASIC ARITHMETIC soft key to call the following functions;

Do 1 174 b3
¥ =¥ X+ X-¥ X =Y

D4
KoV

L
SART

END

Overview

The mathematical functions assign the result of one of the following
gperations to a Q parameter:

Soft key
DO: ASSIGN 08
Exampte: D00 Q5 PO1 +60 * W omy
Assigns a numerical vaius. -
Exarmple: DO1 Q1 P01 -Q2 P02 -5 * ¥ o4y
Calculates and assigns the sum of two values.
D2: SUBTRACTION oz
Exampie: D02 Q1 P01 +10 P02 +5 * % o~y
Calculates and assigns the difference of two values.
D3: MULTIPLICATION 03
Example: DO3 Q2 P01 +3 P02 +3 * ¥ oy
Calcuiates and assigns the product of two values.
D4: DIVISION
Example: D04 Q4 P01 +8 P02 +Q2 * Da
Calcutates and assigns the quotient of two values. ooy
Not permitted: division by 0
D5: SQUARE ROOT
Example: DO5 Q20 P01 4 os
Calculates and assigns the square roct of a number. SGRT
Not permitted: square root of a negative number

In

the above table, “values” can be any of the foliowing:

two numbers
two Q parameters
a number and a Q parameter

The Q parameters and numerical vaiues in the equations can be entered
with positive or negative signs.

TNC 425/TNC 415 B/TNC 407

7-7



7

Programming with Q Parameters

7.2 Describing Contours Through Mathematical Functions

Programming example for basic arithmetical operations

Assign the value 10 to parameter 05, and assign the product of Q5 and

the value 7 to Q1i2.

s

PARE - Select PARAMETER.
METER
N~ J
-
( BASIC Select BASIC ARITHMETIC.
ARITH-
METIC
L A
0B Select function DO: ASSIGN.
K=Y
g )
-
PARAMETER NUMBER FOR RESULT 2.
a Enter parameter number, for example Q5.
FIRST VALUE / PARAMETER? - "~ . -
a Assign numerical vaiue to parameter Q5.
O
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7 Programming with Q Parameters

7.2 Describing Contours Through Mathematical Functions

PARA- Select PARAMETER.

METER

BASiC Select BASIC ARITHMETIC.

RRITH-
METIC

D3 Select function D3: MULTIPLICATION.

K * ¥

v

PARAMETER NUMBER FOR RESULT ?-

a Enter parameter number, for example Q12.
-~

FIRST VALUE/PARAMETER ?

BB Enter Q5 (=10} and confirm.
-

S

Enter 7 and confirm.
0

Resulting NC blocks:  FNO: G5 = +10

FN3: Q12 =+Q5 *+7

TNC 425/TNC 415 B/TNC 407
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7.3 Trigonometric Functions

Sine, cosine and tangent are terms designating the ratios of the sides of
right triangles.

For a right triangle, the trigonometric functions of the angle o are defined

by the equations
sing = afc,
cos o = ble,
tana = &b = sina/cose,

where

* cis the side opposite the right angle

* ais the side opposite angle ¢

+ bHthe third side.

The angle can be found from the tangent:

o = arc tan o = arc tan {(a/b) = arc tan (sin o/ cos o)

Example: g = 10 mm
b = 10mm
« = arctan (a/ b =arctan 1 = 45°

Furthermore, &+ B =¢ (&=a-3
c=v&E+ P

Select the trigonometric functions to call the following options:

De D7 D8 D13

Fig. 7.3

: Sides and angles on a right triangle

e ———————————————
e ————————

SINCK: COS{X: # LEN ¥ X BANG ¥

END

Overview

Soft key
P6; SINE
Exampie: DO& Q20 PO1 Q5 * b8
Cazlculate the sine of an angle in degrees (°) SINCHOD
and assign it to a parameter
D7: COSINE
Example: DO7 Q21 P01 05 * D7
Calculate the cosine of an angle in degress (%) COS(H}
and assign it to a parameter
D8: ROOT-SUM OF SQUARES
Example: D08 Q10 P01 +5 P02 +4 * Ds
Take the square root of the sum of two squared ¥ LEN ¥
numbers and assign it to a parameter
D13: ANGLE
Example: D13 Q20 PO1 +10 P02 -Q1 * 013
Calculate the angle from the arc tangent of two X BNE ¥

sides or from the sine and cosine of the angle
{0° < angle £ 360°) and assign it to a parameter

7-10
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7 Programming with Q Parameters

7.4 If-Then Decisions with Q Parameters

The TNC can make logical I-Then decisions by comparing a Q parameter
with another Q parameter or with a numerical value.

Jumps
The jump target is specified by a label number in the decision biock. If the
programmed condition is fulfilled, the TNC continues the program at the
specified label. f it is not fulfilled, it continues with the next block.
To jurnp to another program, enter a program call with % {see page 6-8)
after the block with the target label.
Unconditional jumps
An unconditional jump is programmed by entering a conditional jump
whose condition is always true. Exampie:
If 10 eguais 10, go to label 1
D09 PO1 +10 P02 +10 P03 1
Select the jump function to display the following options;
DS nig D11 012
IF X E@ V|IF ¥ NE Y|IF X 6T V{IF ¥ LT ¥ END
GOTO GOTO GOT0 G070
Overview
Soft key
D9: IF EQUAL, JUMP
Exampte; DOY PO1 +Q1 P02 +Q3 PO35 * D2
i the two values or parameters are equal, Ie G}‘U ‘lFDQ ¥
ump to the given label.
D10: IF NOT EQUAL, JUMP
Example: D10 PO1 +10 P02 -Q5 P03 10 * Die
If the two values or parameters are not equal, IF g‘UT“OE v
jump to the given label.
D11 IF GREATER THAN, JOMP
Example: D11 P01 +Q1 POZ +10 P03 & * D11
if the first vaiue or parameter is greater IF ¥ BT ¥
than the second value or parameter, GOTO
jump to the given label.
D12: IF LESS THAN, JUMP
Exampie: D12 P01 +Q5 P02 +0 P03 1 * D1z
If the first value or parameter is less IF ¥ LT ¥
than the second value or parameter, GOTO
Jump to the given label.
7-11
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7.4 f-Then Decisions with Q Parameters

Jump example

You want to jump to program 100.H as soon as Q5 becomes negative.

NS DOOQ5POT +10* e ASSIgN & value, such as +10, 1o parameter Q5
N9 D02 Q5 P01 +Q5 P02 +12 * ............onen...... Reduce the value of Q5

N10 D12P0O1 +Q5 P02 +0PO35* . ... f +Q5 < 0, jurnp to label 5

18 BOB LS * e Label &

16 % T00.H * Jump to program 100.H
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7 Programming with Q Parameters

7.5 Checking and Changing Q Parameters

During & pregram run or program test, Q parameters can be checked and
changed if necessary.

Preparation:

» If you are in a program run, interrupt it (for example by pressing the
machine STOP key and the INTERNAL STOP soft key)
» |f you are doing a test run, interrupt it

To call the Q parameter:

r [ - o =t A
Select the parameter, for example Q10.

-

QIO=+100 T ..
The TNC displays the current value.
-
a Change the Q parameter, for example Q10 = Q.
Leave the Q parameter unchanged.
7-13
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7.6 Diverse Functions

Select the diverse functions to call the following options:

Dia 015
ERROR= PRINT

D18
PLC=

END

Displaying error messages

(Il Your machine oot buider may have g%

D14
ERROR=

With the function D14: ERROR you can call messages that were

pre-programmed by the machine tool butider.

If the TNC encounters a biock with D14 during a program run or test run, it
will interrupt the run and display an error message. The program must

then be restarted.

Input
Example: D14 P07 254

The TNC then displays the test stored under error number 254.

Error number to be entered

Prepared dialog text

0to 299
300 to 385
400 to 499

D14: ERROR CODE O .... 298
PLC: ERROR 0 ... 99
CYCLE PARAMETER O .... 89

o dislog text that differs from the'above, =

7-14
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7.6 Diverse Functions

Output through an external data interface

D15
PRINT

The function D15: PRINT transfers the values of Q parameters and error
messages through the data interface, for example to a printer.

¢ D15: PRINT with numerical values up to 200
Example: B15: PRINT 20
Transfers the corresponding error message {(see overview for D14).

= D15: PRINT with Q parameter
Example: D15: PRINT Q20
Transfers the value of the corresponding Q parameter.

You can transfer up to six Q parameters and numerical values simultane-
ously. The TNC separates them with slashes.
Example: D15 P01 1 P02 Q1 P03 2 P04 2

Transfer to the PLC

D19
PLC=

The function D19: PLC transfers up to two numerical values or Q
parameters to the PLC.

increments and units: 0.1 pm or 0.0001°
Example D19 P01 +10 P02 +Q3
The numerical value 10 means 1 um or 0.001°.

TNC 425/TNC 415 B/TNC 407 7-15



7 Programming with Q Parameters

7.7 Entering Formulas Directly

You can enter mathematical formulas that include several operations
either by soft key or directly from the ASCII keyboard. We recommend
eniering the operations by soft key, since this eliminates the possibility of
syntax errors.

Overview of functions

Mathematical function Soft key
Addition

Exampie: Q10 = Q% + 05 +
Subtraction

Example: 025 = Q7 -Q108 -

Muttiplication

Exampie: Q12 =5 * Q5 *
Division

Example: Q256 = Q1/Q2 /
Open/close parentheses

Example: Q12 = Q1 * (Q2 + Q3) C J
Square

Exampie: Q15 =50Q5 $Q

Square root
Example: Q22 = SQRT 25 SERT

 Sine of an angle SIN
Example: Q44 = SIN 45

Cosine of an angle

Example: Q45 = COS 45 cos
Tangent of an angle N
Example: Q46 = TAN 45

7-16
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7.7 Entering Formulas Directly

Arc sine:
inverse of the sine. Determine the angle from the asIN
ratio of the apposite side to the hypotenuse.
Example: Q10 = ASIN 0.75

Arc cosine:
Inverse of the cosine. Determine the angle from

the ratio of the adjacent side to the hypotenuse. Acos
Example: Q11 = ACOS Q
Arc tangent;
Inverse of the tangent. Determine the angie from
the ratio of the opposite to the adjacent side. ATAN
Example: Q12 = ATAN Q11
Powers (x*} :
Exampie: Q15 = 343 ~
T (3.14159) .

PI

Natural logarithm (LN) of a number,
base 2.7183 LN
Exampie: Q15 = LN Q11

Logarithm of a number in base 10
Example: Q33 = LOG 022 LOG

Exponential function {2.7183"
Example: Q1 = EXP Q12 EXP

Negate (multiply by -1}
Example: Q2 = NEG Q1 NEG

Drop places after decimal point {form an integer)
Exarmple: Q3 = INT Q42 INT

Absclute value
Example: Q4 = ABS Q22 ABS

Drop places before the decimal point (form a
fraction) FRAC
Exampie: 05 = FRAC Q23

TNC 425/TNC 415 B/TNC 407 7-17
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7.7 Entering Formulas Directly

Rules for formulas

* Higher-level operations are performed first {multiplication and division
before addition and subtraction):

Q1=5x3+2x10=3b=> Iststep:5x3=15
2nd step: 2x 10 =20
3rd step: 15+ 20 =35

Q2 =5010-3A3=73 => lststep: 102= 100
2nd step: 3° =27
3rd step: 100-27 =73
+ Distributive law:
alb+c)l=ab+ ac

Programming example

Calculate an angle with arc tangent as opposite side (Q12) and adjacent
side (Q13), then store in Q25.

.

A

PRARA- ’ Select the formula entering function.

METER

FORMULRA

¢
|

b L tntin s i

Enter the parameter number, for example 025.

Shift the soft-key row to the right.
aTAN Select arc tangent.

Shift the soft-key row back to the left.
a C Open parentheses.

g
a Enter parameter number Q12.
- .

Select division.
/
. ~ .
Enter parameter number 13,
Open parentheses; conclude formula entry.
END
> | B

. )

Resuiting NC block: Q25 = ATAN (Q12 /Q13)
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7.8 Measuring with the 3D Touch Probe During Program Run

The 3D touch probe can measure positions on the workpiece while the
program is being run.

Applications:

* Measuring differences in the height of cast surfaces
* Tolerance checking during machining

To program the use of a touch probe, press the TOUCH PROBE key. You
pre-position the probe to automatically probe the desired position. The
coordinate measured for the probe point is stered under a Q parameter.

The TNC interrupts the probing process if the stylus is not deflected within
a certain distance {selectable via MP5130).

Upon contact, the position coordinates of the probe are stored in the
parameters Q115 to O119. The stylus length and radius are not inciuded in
these values.

Fig. 7.4:  Dimensions 1o be measured

be assigned, for example Q5.

Enter the number of the Q parameter to which the coordinate shouid

@ Enter the probing axis for the coordinate, for example X.
R Select and confirm the probing direction.
. -
f 5 Enter all coordinates for the pre-positioning peint values,
. forexample X=5mm,Y =0,Z = -5 mm.

€3 ]5)
.ol

[ Conclude input.

Resulting NC block: G55 P01 Q5 P02 X-X+5Y+07-5 *

TNC 425/TNC 415 B/TNC 407
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7.8 Measuring with the 3D Touch Probe During Program Run

Example for exercise: Measuring the height of an island on a workpiece

-

Coordinates for pre-positioning the 3D touch
probe

Touch point 1: X = 20 mm Q1
Y = 50 mm {Q12)
Z = 10 mm (Q13)
Touch point 2: X = B0 mm {Q21)
Y = 10 mm (Q22)

s Y

Part program
%ST17IG71 * ...
N20 D00 Q12 P01 +50 *
N50 D00 Q22 PO1 +10 *

N60 D00 Q23 PO1 +0 *
N70T0 G17 *

N98899 %S7171 G71 *

—

rrrrrerre st e reenr e ennenneenenenenns 1AM OF Program
N10 DOO Q11 P01 +20 *

N30 D00 QI3 POT +10 % e
N40 D00 Q21 POT +B0 * L.

N80 GO0 G40 G0 Z+100 MOB * ..o
N9D G55 P01 10 P02 Z- X+Q11 Y+Q12 Z+Q13 * ...

N100 X+Q21 Y+Q22Z * e
N110 G55 P01 20 P02 Z- X+Q21 Y+Q22 Z+Q23 * ...

N120 D02 G PO1 +Q20 P02 +Q10 * e
NT30 G38 ™ et e
NTA0 Z+T00 MOZ * (ot

Assign coordinates to the parameters for pre-positioning
the touch probe

insert probe

Probe in negative direction; store Z coordinate in Q10 (first
point)

Intermediate positioning for second measurement

Probe in negative direction; store Z coordinate in Q20 {second
point)

Measure height of island and assign to Q1

Program stop; Q1 can be checked (see also page 7-14)
Retract in the infeed axis and end the program

7-20
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7.9 Programming Examples

Rectangular pocket with island, corner rounding and tangential approach

-

Pocket center
coordinates:

Pocket iength
Pocket width

Working depth

Corner radius

Milling feed rate

X

X

-n

\

50 mm {O1)
50 mm {Q2}

90 mm (Q3)
70 mm (Q4)

-}15 mm (-Q5)

10 mm (Q6}

1

200 mm/min {Q7)

I \

Part program

%S771G71 * ...

N10 D00 Q1 PO1 +50 *

Nz0 D00 Q2 PO1 +50 *

N30 D00 Q3 POT +90 ™ L rrrierivrroeeeveverrenrerecrsnme seeen
N40 D00 Q4 POT +70 *

NS5O D00 Q5 POT +15 *

N60 D00 Q6 PO1 +10 *

N70 D00 Q7 FO1 +200 *

N8O G0 GI17 X+0Y+07Z-20% .o
N80 G31 X+100 Y+100 Z+0 *

N100 GO TT L+0 R+0 ™ e
N110T1 G17 S1000 *
N120 G0D G40 GO0 Z+100 MOB * o
N130 D04 Q13 P0T +C3 P02 +2 * e

N140 D04 Q14 POT +Q4 POZ +2 ™ .o

N150 D04 Q16 P01 +Q6 PO2 +4 * i
N16C D04 Q17 POT +07 P02 +2 ™ .o

... Start of program

Assign pocket data to the Q parameters

Define workpiece blank

Define tool

Call tool

Retract and insert tool

The length of the pocket is halved for the path of traverse in
block N200 .

The width of the pocket is halved for the paths of traverse in
blocks N220, N300

Rounding radius for tangential approach

Feed rate at corners is half the feed rate for linear traverse

Continued on next page...
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7.9 Programming Examples

NT170X+01 Y+Q2Z MO3 ™ e, Pre-position in X/Y {pocket center), spindle ON

N180Z+2 * e e eenneeeenenen. PTE-POSHTION OVer workpiece

N180 GO1 Z—QS FO? e rrr e e en et e Move at feed rate Q7 {= 100} to working depth -Q5
(= —-1Bmm}

N200 G41 Gt X+ Q13 G0 Y+Q2 * oo First contour point on the side

N2710 G268 RQ16 *. ecerereneneeme e SOTL {tNgeNtial) approach

with radius Q16 (= 5 mm)}
N220 G91 Y+(Q14 *
N230 G25 RQ6 *

N240 X-Q3 *

N250 G25 RQ6 *

NZB0 YoQ4 ™ ottt Mill sides of rectangular pocket {incremental)

N270 G25 RQ6 *

N280 X+Q3 *

N280 G25 RQ6 *

N300 Y+Q14 *

N310 G27 RQ16 * ceeereereene e eeeeen.. 0T {tangential) departure

N320 GO0 G40 GSO X+O1 Y+02 * cereeeeeneneen. DEPATE cONtour {absolute 10 pocket center), cancel radius
compensation

N330Z+T100MO2 ™ ..o eeeieennnn. RETTECT IN the infeed axis

N9S899 %S771 571 *
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7 Programming with Q Parameters

7.9 Programming Examples

Boit hole circle

Bore pettern distributed over a full circle: Y }

The entry values are listed in the program
below in blocks N10-N80.

Movements in the plane are pregrammed
with polar coordinates.

Bore pattern distributed over a circle sector: ! ) 30
Y \ °
The entry values are listed below in biocks @ 1 O . ()
N150- N190; Q8, Q7 and Q8 rermain the R 9l
same. O () O e
3 @ .
; ™~ ; 35

Part program

% LOCHKR G771 ™ i vnsren s savnesennens

N10 D00 Q1 POT +30 ™ e Circle center X coordinate

N20 D00 QZ POT +70 % .o Circle center Y coordinate

N30DO0O Q2 POT 411 % (e Number of holes

N4D D0 Q4 POT +25 % e Bolt circle radius

NBEO DOD Q5 POT +90 % e rreemcees Starting angle

NBODOD QB POT +0 % e Hole angle increment (0: distribute holes over 360°)
N70DO0 Q7 POT +2 % oo Setup clearance

N80 DO0 Q8 POT +15 ™ Lo eceiecine Total hole depth

NS0 G30 G17 X+0 Y+0 Z-2¢ *

N100 G31 GS0 X+100 Y+100 Z+C *

Load data for bolt hole circle 1

N110 G938 T1 L+Q R+4 *
Nt20T1 G17 $2500 *
N130 G83 P01 +Q7 P02 -Q8 PO3 +5

PO4 O POS 250 ™ .o e Cycle definition: Pecking

R T ol 2 1 o TS TR OO Call bolt hoie circie 1
Load data for boit hole circle 2 {only re-enter changed
data}

N150 D00 QT POT #90 % L riiivrenamrere e e NEW CiTClE center X coordinate

NT160 D00 Q2 POT 425 ™ ovirirre e cecmece e New circle center Y coordinate

N170D00 Q3 POT B ™ e ceere e reeeeane New number of holes

N180 D00 Q4 PO1T +3B% e New bolt circle radius

N190 DO0 Q6 POT +30% e et New hole angle increment (not full cir¢le, 5 holes 30° apart)
... Call boit hole circle 2 .

N200 L1,0 ™ .......

N210 G0b 640 G6b 24360 Wiz

Continued on next page...
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7 Pregramming with Q Parameters

7.9 Programming Examples

NZ220 GOB LT ™ it SUBDIOQram bolt hole circle

NZ30 D00 QIO POT +0 ™ e e Set the counter for finished holes

N240 D10 P01 +Q6 PO7+QP03 10 * .................. if the hole angle increment has been entered, jump to LBL 10

N250 D204 Q6 PO1 +360 P02 +Q3 * oo Calcuiate the hole angfe increment, distribute holes over 360°

N260 Gog L10 = .

N270 D07 Q11 POT +05 P02 +06 ™ s Calculate second hole position from the start angle and hole
angle increrment

N280 GO0 1+Q1 J+Q2 GO0 G40 ™ s Set poie at bolt circle center

N290 G10 R+Q4 H+Q5 M3 * Lo, Move in the plane 1o first hole

N300 GO0 Z+Q7 M3 * ..., MOVE 0 Z 0 S€1UD Clearance, call cycle

N310 D01 QI0PO1 +QIOPO2 +1 % i, Count completed holes

N320 D09 +Q10 P02 +Q3 PO3 99 * e Finished?

N330 Go9s L2 *

N340 G10 G40 G20 R+Q4 H+Q1T M9 * ... Drill second hote and further holes

N350 D07 Q10 POT +QI10PO2 +1 ™ e Count finished holes

N360 D01 Q11 PO1 +Q11 PD2Z +Q6 * .......ccou.......... Calculate angle for next hole

N370 D12 P01 +Q10P0Z +Q3PO3 2 * v Not finished?

N380 Gog Lo99 *

N390 GO Z+200 * ..oieecececrresreercereeieeee e RETFACT N Z

NADD GOB L0 ™ Lot rreerrrerevrnssmenre s e nse e seresracvnsnnnns End of subprogram

N99899 % LOCHKR G71 *
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7 Programming with Q Parameters

7.9 Programming Examples

Ellipse

X-coordinate calculation: X = acos o
Y-coordinate calculation: Y = bsin o

a, b : Semimajor and semiminor axes of
the ellipse
o« Angle between the leading axis and

the connecting line from P to the
center of the ellipse.
X, Y, Center of the ellipse

The points of the ellipse are calcutated and
connected by many short iines. The more
points that are calculated and the shorter the
lines connecting thern, the smoother the
curve becomes.

The machining direction can be alered by
changing the entries for the starting angle
and end angle.

The input parameters are listed below in
blocks N10 to N120. Caiculations are
programmed with the FORMULA function.

Q5 e
DR=
X ® \oo=eg
Q4 -
DR+’/ X
.
X

Part program

% EIIPSE G771 * e et
N10DOG QT POT #5850 oo
N20 DOC Q2 POT +50 % e
N30 D00 Q3 P01 +50 *
NAQO D00 Q4 POT +20 % e
NECDOO QB POT +0 % oo
NBO D00 QB POT #3680 % e
N70DC0O Q7 POT +40 ™ e,
N8C D00 Q8 P01 +0 *
NaC D00 Q9 P01 +10 *
N100 DO0 Q10 PG +100 *
NT10 D00 Q11T POT +380 % e,
N120 D00 Q12 PO1 +2 *
N130 G30 G17 X+0 ¥+0Z-20 *

N140 G371 GO0 X+100Y+100Z+0 *

N150 G99 T1 L+O R+25*

Ni60T1 G17 *

N170 GO0 G40 GS0 Z+200 *

N180 GO0 Z+200 M2*

Load data

... X coordinate for center of ellipse

Y coordinate for center of ellipse
Semiaxis in X

Semiaxis in Y

Starting angie

End angle

Number of calculation steps
Rotational position

Depth

Plunging feed rate

Milling feed rate

Setup ctearance in Z

... Execute subprogram ellipse

Continued on next page...
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7 Programming with Q Parameters

7.2 Programming Examples

N200 GS8 L10 *

N230 Q35 = (Q6-05)Q7
N240 Q36 =05
N250 Q37 =0
N260 Q21 =
N270 022 = 04 *SINQ36..

N290 Z+Q12 *
N300 GO1 Z-Q9 FQ10 *
N310G98 L1 ~*

N320 036 = Q36 + Q35
N330 Q37 =037 + 1.
N340 021 =
N3850 Q22 =Q4 * SIN 036

N380 G73 GO0 H+0 *
N390 G54 *

N410 G98 L0 *
N9998g % ELLIPSE G71 *

NZ2T10 GB4 X+0T Y+02 % e
N220 G73 GO H+QAB ™ e

N280 GOO G40 GIO X+Q21 Y+Q22 M3 * ...

Q3 * COS Q36 oo

N370 D12 PO1+Q37 P02+Q7 P031 *
ereerr e eeenn. RESET rotation

a0 S G40 Ggo Z+Q12 sttt e

. Shift datum to center of ellipse
. Activate rotation if Q8 is loaded

Calculate angle incremant (end angle to starting angle

~ divided by the number of steps)

Set current angie for calculation = starting angle
Set counter for milled steps
Calculate X coordinate for starting point

... Calculate Y coordinate for starting point

Move to starting point in the plane

... Rapid traverse in Z 1o setup clearance

Plunge to miliing depth at plunging feed rate

Update the angle

... Update the counter

Cazlculate the next X coordinate
Czleulate the next Y coordinate
Move to next point

Not finished?

. ... Reset datum shift

...Move in Z to setup clearance

End of subprogram
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7 Programming with Q Parameters

7.8 Programming Examples

Hemisphere machined with end mill

I'e

Notes on the program:

if you want to maching the contour in
several steps.

* The 100l radius is automatically
compensated with parameter Q108.

The program works with the following

quantities:

* Sclid angle: Starting angie
End angle
Increment

* Sphere radius

* Setup clearance

¢ Plane angle: Starting angle
End angle
Increment

* Center of sphere: X coordinate
Y coordinate

* Milling feed rate

* Oversize

program have the following meanings:

* Q21: Solid angle during machining

* (24: Distance from center of sphere
tool center

Q26: Plane angie during machining

Q108: TNC parameter with tool radius

The parameters additionzlly defined in the

—

* The tool moves upward in the Z/X plane.
* You can enter an oversize in block 12 (Q12)

Q1
Q2
Q3
Q4
Q5
Qs
Q7
Q8
Q9
Q10
on
Q12

+ Q15: Setup clearance above the sphere

ic

Part program

N10 D00 Q1 PO1 +80 *
N20 D00 Q2 PO +0 *

N30 D00 G3 POt +5 *

N40 D00 04 POt +45 *
N50 D00 Q5 POT +2 *

N60 DOO0 Q6 P07 +0 *

N70 D00 Q7 PO1 +360 *
N80 D00 Q8 P01 +5 *

NO0 D00 Q9 P01 +5C *
N100 D00 Q10 POT +50 *
N110 D00 Q11 PO +500 *
N120 DO0 Q12 POT +0 * ...

N140 G31 GO0 X+100 Y+100 Z+0 *

GoSTTZEGTT ™ Lo e e

N150 GOS8 T1 L+O R+5 ™ Lo e
NTB0 T1 G17 82500 * (e s
N170 GO0 G40 GI0 Z+100 MOB * .o
NEBO L10,0 % et
NTG0 Z4100 MOZ * .ot

Start of program

erereeestne e e 38SIGN the sphere data 10 the parameters
N130 G30G17 X+0 Y+0 Z-B0 * .o

Define workpiece blank

Define tool

Call tool

Retract and insert tool

Call subprogram

Retract in the infeed axis; return to beginning of program

Continued on next page...
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7 Prograrnming with Q Parameters

7.9 Programming Examples

N200 Go8 L10 *

N210 D01 Q15 P01 +Q5 P02 +Q4 *

N220 D00 Q21 POT +QT * .o rree Determine starting and calculation values
N230 D01 Q24 POT +0Q4 POZ +Q108 *

N240 D00 Q26 PO1 +Q85 *

N250 G54 X+Q9 Y+Q107-04* .....cccoeveivevee . Shift datum to center of sphere -

N260 G73 G0 H+Q0B8 ™ ....cceiveerv e ROtEtiON fOr program start (starting plane angle}
N270 1+0 J+0 * )

N280 G11 R+Q24 H+QB FQTT * e Pre-positicning before machining

N220 Go98 L1 *

N300 [+QT08 K+0 ¥ Lriieceeee e ene s Set pole (X/Z plane)

N310 GO Y+0 Z+0 FQIT * .. PrE-positioning at each arc beginning

N320 GaB L2 *
N330 G11 R+Q4 H+Q21 FQ11 *

N340 D02 Q21 P01 +Q21 P02 +Q3 * Ll Mill the sphere upward until the highest point is reached

N350 D11 P01 +Q21 P02 +Q2 P03 2 *

N360 G11 R+Q4 H+Q2 * ciceceerveeeeicneee e Ml the highest point on the sphere

N370 GO0 Z+Q15 ™ et rveesrereesesrn s Retract in £

N3BO X+Q24 % ..o raes Retract in X

N390 D01 026 P01 +Q26 P02 +08 ™ i Prepare the next rotation increment

N400 D00 Q21 POT +Q1 * s Reset solid angle for machining to the starting value

NA10 G73 GO0 HHAQ26 ™ .. ceeaerervcee e Activate rotation for next operation

N420 D12 PO1 +Q26 P02 +Q7 P03 1 *

N430 D09 P01 +Q26 POZ +Q7 PO3 1™ e Rotate the coordinate systern around the Z axis until the end
plane angle is reached

NAA0 G733 GO0 H4+0 * e Reset rotation

N450 Go4 X+0 Y40 Z+0 * o Reset data shift

N80 GOB LO * i End of subprogram

N98999 %5712t G71 *
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8  Cycles

8.1 General Overview of Cycles

Frequently recurring machining sequences that comprise several working
steps are stored in the control memory as standard cycles. Coordinate
transformations and other special functions are also provided as standard
cycles.

These cycles are grouped into the foilowing types:

» Simple fixed cycles such as pecking and tapping, as well as the milling
operations slot milling, rectangular pocket milling and circular pocket
milling.

¢ SL [Subcontour List) Cycles, group |. These allow machining of
reiatively complex contours composed of several overlapping subcon-
tours.

¢ SL Cycles, group I, for contour-oriented machining. During rough-out
and finishing, the tool follows the contour as defined in the SL cycles.
The cutter infeed positions are determined automatically by the control.

+ Coordinate transformation cycles. These enable datum shifts,
rotation, mirroring, enlarging and reducing for various contours.

* Special cycles such as dwell time, program call, and oriented spindie
stop.

Programming a cycle

Defining a cycle

Enter the G function for the desired cycie and program it in the dialog. The
following exampie illustrates how cycles are defined:

a B Select a cycle, such as Rigid Tapping.
o

SET-UP CLEARANCE >

\

a Enter the setup clearance (here, -2 mm).
~

- TOTAL HOLEDEPTH?

-

.

a a Enter the total hole depth (here, -30 mm)}.
ENT : .

. i

k.

END
|
\

a. Enter the thread pitch {(here, +0.75 mm).

Resufting NC block: G85 P01 -2 P02 -30 P03 +0.756 *

82
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8  Cycles

8.1 General Overview

Cycie call

The following cycles become effective automatically as soon as they are
defined in the part program:

* (Coordinate transformation cycles
* Dwell time cycle
* S| cyeles which determine the contour and the giobal parameters

All cther cycles must be called separately. Further information on cycle
calls is provided in the descriptions of the individual cycles.

If the cycle is to be programmed after the block in which it was called,
program the cycie call

s with G79
* with miscellaneous function M99.

If the cycle is to be executed after every positioning block, it must be
called with miscelianeous function M89 {depending on the machine
parameters).

MB89 is cancelled with « M99
* G379
¢ A new cycle definition

Prerequ:s:teﬁ

The following data must be progTammed before a cvde wil

* Blank form for graphlc display

s Toolcall

* Positioning block for starting posmon X Y Lo
* Positioning block for starting position Z- (setup cmfance)

» Direction of spindle rotation (rrusceﬂaneous funcnons MS/M4}
-+ Cycle deflnmon . - E

Dimensions in the tool axis

t

The dimensions for the tool axis are always referenced to the position of
the tool at the time of the cycle call, and are interpreted by the control as
incrermnental dimensions. It is not necessary to program G91.

The controi assumes that the tooi is Iocated at ciearance hetght over the workp;ece at 1:he begmnung of the cycle :

(except for SL cycles of group Jl)

TNC 407/TNC 415 B/TNC 425
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8 . Cycles

8.2 Simple Fixed Cycles

PECKING (G83)

Seqguence:

¢ The tool drills from the starting point to the first
pecking depth at the programmed feed rate.

* When it reaches the first pecking depth, the tool
retracts in rapid traverse to the starting position
and advances agzin to the first pecking depth
minus the advanced stop distance ¢ (see calcula-
tions).

¢ The tool advances with another infeed at the
programmed feed rate.

¢ Driling and retracting are performed alternatety
until the programmed total hole depth is
reached.

* After the dwell time at the hole bottom, the tool : ) .
is retracted to the starting position in rapid : . y
traverse for chip breaking. ' :

. [éﬁ
‘q—(‘)-«-
—‘;}4-
- () el
]
7
i

— i

t— (I} o]

- () -]

Fig. 8.1: PECKING cycle

Input data

« SETUP CLEARANCE @):
Distance between tool tip {at starting position) and workpiece surface

¢ TOTAL HOLE DEFTH ®:
Distance between workpiece surface and bottomn of hole (tip of drill
taper). The algebraic sign determines the working direction (a negative
value means negative working direction).

» PECKING DEFTH ©):
infeed per cut,
if the TOTAL HCLE DEPTH equals the PECKING DEPTH, the tool will
drill to the programmed total hole depth in one operation.
The PECKING DEPTH does not have to be a muitiple of the TOTAL
HOLE DEPTH.
if the PECKING DEPTH is programmed greater than the TOTAL HOLE
DEPTH, the tool only advances to the specified TOTAL HOLE DEPTH.

e DWELL TIME in seconds:
Armount of time the tool remains at the total hole depth for chip
breaking.

s FEEDF
Traversing speed of the tool during drilling.

Calculations

The advanced step distance fis automatically calculated by the contral:

* At atotal hole depth of up t0 30 mm, t = 0.6 mm
+ At atotal hole depth exceeding 30. mm, t = total hole depth / 50
Maximum advanced stop distance: 7 mm
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8 Cycles

8.2 Simple Fixed Cycles

Example: PECKING

Hole coordinates:
ZA
D X =20mm Y = 30mm
@ X = 80mm Y = 50 mm
Hole diameter: 6 mm

Y
Setup clearance: 2 mm
: ) S

Total hole depth: 15 mm E @

= O <~ ¥
Pecking depth: 10 mm 50 \’ :

0
Dwell time: 1 s 3

80

Feed rate: 80 mm/min

20
N\
A o S
{ - W
PECKING cycle in a part program
O SBBl GT T ¥ e Start of program
NTO G0 GI17 X+0Y+0Z-20 % e Define workpiece blank
N20 G31 G0 X+100 Y+100 Z+0 *
N30 G9TT L0 R+3 ¥ (i e cae e Define tool
NAO T GI7 S1200 % (e Call too)
N50 G832 P01 -2 P02 —15 P03 -10 P04 1 P05 80 * ... Define PECKING cycle
NBO GO0 G40 GO0 Z+100MOB * . Retract in the infeed axis, insert tool
N7O X420 Y+30 MOB ¥ e Pre-position for the first hole, spindle ON
NBO Z4+2 MOS ™ i Pre-peosition in Z to setup ciearance, call cycle
NOO X+80 Y+BO M39 * .. eecrrrieaee . MOVE 10 SECONA hole, call CYCIE
NE00 Z+100 M2 ¥ e eeeeaeane Retract in the infeed axis, end of program
N99939 %S85l G71 *
TNC 467/TNC 415 B/TNC 425 85




8 Cycles

8.2 Simple Fixed Cycles

TAPPING with floating tap holder (G84)

o

Process ‘ 1

¢ The thread is cut in one pass.

« (Once the tool has reached the total hole depth,
the direction of spindle rotation is reversed and
the tool is retracted to the starting position at the
end of the dwell time.

= At the starting position, the dlrectlon of spindie
rotation reverses once again.

Required tool

A flogting tap holder is required. It rmust compen-
sate the tolerances between feed rate and spindle
speed during the tapping process.

Input data
e SETUP CLEARANCE @®:

Distance between tool tip (at starting position) and workpiece surface.

Standard value: approx. 4 x thread pitch
» TOTAL HOLE DEPTH & (thread iengthi:

Distance between workpiece surface and end of thread. The algebraic
sign determines the working direction {z negative sign means negative

working direction).
* DWELL TIME:

Enter a dwell time between 0 and 0.5 seconds to avoid wedging of the
too! during retraction (further information is available from the machine

manufacturer).

* FEEDF:
Traversing speed of the tool during tapping.

Calculations
The feed rate is calculated as follows:
= Sxp

where Fis the feed rate (mm/min), Sis the spindle speed (rpm} and pis
the thread pitch (mmj).

Fig. 8.2; TAPPING cycle

. When acycleis bemg un, the spindte speed overnde knob is d:sabted The feed rate overnde knob is only

active within a limited range (preset’ by the machme manufacturer).

. For tappang right -hand threads activate the smndie with M3, for left-hand threads use M4.

TNC 407/TNC 415 B/TNC 42t



8 Cycles

8.2 Simpile Fixed Cycles

Example: Tapping with a floating tap holder

r N - ~

Cutting an M6 thread at 100 rpm
Tapping cocrdinates:

X = 50mm Y 20 mm

T mm

Pitch p

F=Sxp= F =100-1=100mm/min

Setup clearance: 3 mm
Thread depth: 20 mm
Dwell time: 04 s
Feed rate: 100 mm/min
\ o . vy

TAPPING cycle in a part program

FoSBTE GTT ™ et en e s Start of program
N1OG30GI7 X+0Y+0 Z-20 ™ (i Define workpiece hiank
N20 G31 G20 X+100 Y+100 Z+0 *
N30 GOOTT LAO R+3 ™ e Define tocl
NAO T1 G17 S100 % e Call teol
N50 G84 P01 -5 P02 -20 P03 0,4 P04 100 * ............ Define TAPPING cycle
NB0 GO0 G40 G0 Z+100MOB * . oeieee Retract in the infeed axis, insert tool
N70 X+80 Y420 MO3 * oo Pre-position in the plane, spindle ON
NEBO Z+3 MIZ ¥ i e Pre-pesition in Z to setup clearance, call cycle
NSO Z+100MOZ2 * e R€TTECT IN the infeed axis, end of program
N99999 %S87i G71 *
S v,
87
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8 Cycles

8.2 Simple Fixed Cycles

RIGID TAPPING (G85)

Process

The thread is cut without a floating tap holder in one or several passes.

Rigid tapping offers the following advantages over tapping with a floating
tap holder:

* Higher machining speeds possible

* Repeated tapping of the same thread; repetitions are enabled via
spindle orientation to the 0° position during cycle call {depending on
machine parameter 7160; see page 11-12).

+ [ncreased traverse range of the spindle axis due 10 absence of &
floating tap holder

@‘} Machine and control must be specially prepared by the machine manufacturer to enable rigid tapping.

input data

o SETUP CLEARANCE (&):
Distance between tool tip (at starting position) and workpiece surfaca.

* TAPPING DEPTH &
Distance between workpiece surface (beginning of thread) and end of
thread. The algebraic sign determines the working direction: a negative
value means negative working direction.

* THREAD PITCH &)
The 5|gn differentiates between right-hand and left-hand threads:
+ = right-hand thread
- = left-hand thread

Fig.8.3:  Input data for RiGID TAPPING
cycle

@ The control calculates the feed rate from the splndle speed and thread pitch. If the spindle speed ovemde IS used
during tapping, the feed rate |s automatically adjusted The feed rate override knob is disabled.

THREAD CUTTING (G86)

Process

Thread cutting is performed by means of spindle control.
The spindle rotation is combined with linear moverment in the tool axis,
enabling helix-shaped cuts.

@5 86 THREAD CUTTING is adapted to the control and machine by the machine manufacturer, who can provide
further information on ;his--cycle.

Example
» Cutting an inner thread using a threading tool
The thread diameter depends on the tool used.

Input data

< DEPTH: Distance between workplece surface and end of thread
» PITCH: Thread pitch
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8 Cycles

8.2 Simple Fixed Cycles

SLOT MILLING (G74)

Process

Roughing process:

Finishing process:

The tool penetrates the workpiece from the
starting position, offset by the oversize, then
mills in the longitudinal direction of the slot.
The oversize is calculated as: (slit width — tool
diametern) / 2.

After downfeed at the end of the slot, milling is
performed in the opposite direction.

This process is repeated until the programmed
milling depth is reached.

The control advances the tool at the bottorn of Fig.84: SLOT MILLING cycie

the slot on & tangential arc to the outside
contour. The tool subsequently climb mills the
contour fwith M3}.

At the end of the cycle, the tool is retracted in
rapid traverse to the setup clearance.

if the number of infeeds was cdd, the tocl
returns 10 the starting position at the ievel of the
setup clearance in the main plane.

Required tool

This cycle requires a centercut end mill {ISO 1641). The cutter diameter
must be smaller than the slot width and larger than half the siot width,
The siot must be parallel to an axis of the current coordinate system.

input data

Setup clearance @

Milling depth(@): Stot depth. The aigebraic sign determines the working
direction (a negative value means negative working direction).

Pecking depth ©

FEED RATE FOR PECKING:

Traversing speed of the tool during penetration

FIRST SIDE LENGTH {):

Slot length, specify the sign to determine the first milling direction
SECOND SIDE LENGTE &):

Slot width

FEED RATE:
Traversing speed of the tool in the machining piane.

Fig. 8.5: Infeeds and distances for the
SLOT MILLING eycle

Fig.8.6:  Side lengths of the slot

TNC 407/TNC 415 B/TNC 425
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8 Cycles

8.2 Simple Fixed Cycles

Example: Slot milling

I E— -~
A horizonta! slot (50 mm x 10 rmm) and a vertical
slot {80 mrm x 10 mm) are to be milled. Ya
The tooi radius in the length direction of the slot
is taken into account for the starting position. 100
A
Starting position, slot (1: 90
X = 76 mm Y = 15 mm 4
Starting position, slot &):
X = 20 mm Y = 14 mm
SLOT DEPTH: 15 mm
Setup clearance: 2 mm
Milling depth: 15 mm
Pecking depth: 5 mm
Feed rate for pecking: 80 mmy/min
@ @
Slot length 50 mm 80 mm 10%
1st milling direction - + >
. » X
Slot width: 10
wi mm 100
Feed rate: 120 mm/mir
r A
SLOT MILLING cycle in a part program
oSBT G7T ™ e naees Start of program
N10 G30 G17 X+0 Y+0 Z-20 * ... Define workpiece blank
N20 G31 G90 X+100 Y+100 Z+0 *
N0 GOS TT L+0 R+4™* e, Define tool
NADTT GT17 82000 * .o eceseereser s Call tool
N50 G74 P01 -2 P02 -15 P03 -b P4 80 P05 X-50
POB Y+10 PO7 120 * rereeerrrnanrnns .. Define slot parallel to X axis
N60 GO0 G40 G380 Z+1 00 MOG R Retract in the infeed axis, insert tool
N7OX+78Y+T1D MO3 ™ e Approach start:ng position, spindle ON
N80 Z+2 M99 * .. Pre-position in Z to setup clearance, cycle call ()
N90 G74 P01 -2 P02 15 POS -5 P04 80 POS Y+80
POB X+10 P07 120 * .. Define slot parallel to Y axis
N100 X+20 Y+14 M99 * Approach starting position, cycle call &
NTI0Z+100 MOZ * et Retract in the infeed axis, end of program
N99999 %S8101 G71 *
810 TNC 407/TNC 415 B/TNC 425
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Cycles

8.2 Simpie Fixed Cycles

POCKET MILLING (G75/G76)

Process

The rectangular pocket milling cycie is & roughing cycle, in which

» the tool penetrates the workpiece at the starting position {pocket
center}

* the tool subsequentiy follows the programmed path at the specified
feed rate (see figure 8-9}

The cutter begins milling in the positive direction of the axis of the longer
side. The cutter always starts in the positive Y direction on square pock-
ets. At the end of the cycle, the tool is retracted to the starting position.

Required tool / limitations

The cycle requires a centercut end mill (ISC 1641) or pilot driling at the
pocket center. The pocket sides are parallel to the axes of the coordinate
system.

Direction of rotation for roughing-out

Ciockwise: G75
Counterclockwise: G768

Input data

* Setup clearance @

* Milling depth
The algebraic sign determines the working direction {a negative value
means negative working direction).

* Pecking depth ©

+ FEED RATE FOR PECKING:
Traversing speed of the tool during penetration.

* FIRST SIDE LENGTH @:
Pocket length, parallet to the first main axis of the machining plane.

e SECOND SIDE LENGTH ®:
Pocket width
The signs of the side lengths are always positive.

s FEED RATE:
Traversing speed of the tool in the machining plane.

Calculations
The stepover factor k is calculated as follows:
k = KxR

where K is the overlap factor {preset by the machine manufacturer) and A
is the cutter radius.

Corner radius

The corner radius is determined by the radius of the milling tool.

Fig.8.7:  Infeeds and distances for the
POCKET MILLING cycle

Fig.8.8:  Side lengths of the pocket

Fig. 8.9:  Tool path for roughing-out

TNC 407/TNC 415 B/TNC 425
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8

Cycles

8.2 Simple Fixed Cycles

Example: Rectangular pocket milling

4

P Ry L

Pocket center coordinates:
X = 60 mm Y =

Setup clearance:

Pecking depth:

Feed rate for pecking:

Second side length:

Mitling feed rate:

3% mm

-
M

<

i =%

"o
(o]

100

i
B -
w Lol
N - 80 . X
20 100

POCKET MILLING cycle in a part program

%SR121 G711 * ...,

N1O G30 G17 X40 Y40 Z-20 * oo
N20 G31 G90 X+110 Y+100 Z+0 *

N30 G99 T1 L+OR+5 *
N40 T1 G17 S2000 *

NSO G76 P01 -2 PO2 -—10 P03 —4 P04 80 P05 X+8O

BT 10D %
FUU l"“(‘U s Uy

N60 GO0 G40 G90 Z+100 MO8 *
N7O X+80 Y435 MO3 * L,
NBOZ+2 MO * e
NOO Z+100 MOZ * i

N99993 %58121 G71 *

... Start of program
... Define workpiece biank

... Define tool

.. Call tool

MNafima DOCEET RN

TN mormlms
LN DAOGRD T IVH RN LY

Retract in the infeed axis, insert tool

Approach the starting position {center of pocket), spindle ON
Pre-position in Z to setup ciearance, cycle call

Retract in the infeed axis, end of program

812
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8 Cycles

8.2 Simple Fixed Cycles

CIRCULAR POCKET MILLING (G77/G78)

Process

Circular pocket milling is 2 roughing cycle in which the tool penetrates
the workpiece from the starting position (pocket center).

The cutter subsequently follows a spiral path {shown in figure 8.10) at
the programmed feed rate. The stepover factor is determined by the
value k (see G75/G76 POCKET MILLING, Caiculations).

The process is repeated until the programmed milling depth is reached.

At the end of the cycle, the tool is retracted to the starting position.

Required tool

The cycle requires a center-cut end mill (ISC 1641), or pilot drilling at the
pocket center.

Direction of rotation for roughing-out

Clockwise: G77
Counterclockwise: G78

Input data

SETUP CLEARANCE ®

MILLING DEPTH &: pocket DEPTH.

The algebraic sign determines the working direction (a negative sign
means negative working direction).

PECKING DEPTH ©

FEED RATE FOR PECKING:

Traversing speed of the tool during penetration

CIRCLE RADIUS ®:

Radius of the circular pocket

FEED RATE:
Traversing speed of the tool in the machining plane

Fig.8.10: Cutter path for roughing-out

Fig.8.11. Distances and infeeds for
CIRCULAR POCKET MILLING

Fig. 8.12: Direction of the cutter path

TNC 407/TNC 415 B/TNC 425
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8 Cycles

8.2 Simple Fixed Cycles

Example: Milling a circular pocket

s N s Y

Pocket center coordinates:

X =80mm Y = 58 mm

Setup clearance: 2 mm
Milling depth: 12 mm
Pecking depth: 6 mm
Feed rate for pecking: 80 mm/min
Circle radius: 35 mm
Milling feed rate: 100 mm/min

Direction of the cutter path: -

CIRCULAR POCKET cycle in a part program

2oSBTAl Q71 ™ e s .- Start of program

NIDG30GT7 X+0Y+0 Z-20 % e Define workpiece blank

N20 G31 GO0 X+100 Y+100 Z+0 *

N30 GO TI L0 R+E ™ oo rec e Define tool

N4O T1 G17 S2000 * ..o eereerees e e Call too!

N50 G77 P01 ~2 P02 -12 P03 -6 P04 80 P05 35

POB 100 * ..ottt e e e Define circular pocket milling cycle

NBO GO0 G40 GO0 Z+100 MOB * .o Retract in the infeed axis, insert tool
N7OX+B0 Y+B0 MO3 * e ee e Approach the starting position {center of pocket), spindle ON
NBO Z+2 MO * e Pre-position in Z 10 setup clearance, cycle call
NSO Z+T100 MOZ ¥ e ree e et Retract in the infeed axis, end of program
N99939 %S8141 G71 *
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8  Cycles

8.3 SL Cycles (Group I}

SL cycles are highly efficient cycles that ailow machining of any contour.
These cycies have the following characteristics:

» A contour can be composed of several overtapping subcontours.
Islands or pockets can form a subcontour.

* The subcontours are defined in subprograms.

* The control automatically superimposes the subcontours and calculates
the points of intersection formed by overlapping.

The term 8L is derived from the characteristic Subcontour List of cycle
G37 CONTOUR GEOMETRY. Since this is purely a geometry cycle, no
cutting data or feed values are defined.

The machining data are specified in the following cycles:

* PILOT DRILLING (G56)
* ROUGH-OUT {G57;
* CONTOUR MILLING (G58/G58)

The SL cycles of group If offer further, contour-oriented machining
processes and are described later.

Each subprogram defines whether G41 or G42 radius compensation
applies. The sequence of points determines the direction of rotation in
which the contour is machined. The control infers from these data
whether the specific subprogram describes a pocket or an island:

+ The control recognizes a pocket if the tool path lies inside the contour
+ The control recognizes an island if the tool path lies outside the contour

For easier familiarization, the following examples begin with only the
rough-out cycie and then proceed progressively to the fuil range of
functions provided by this group of cycles.

Programming parallel axes

Machining operations can also be programmed in paraliel axes as SL
cycles. (In this case, graphic simulation is not available). The paraliel axes
must lig in the machining plane.

Input data

Parallel axes are programmed in the first coordinate block (positioning
block, 1,J.K block) of the first subprogram called in cycle G37 CONTOUR
GEOMETRY. Ceordinzte axes entered subsequently will be ignored.

TNC 407/TNC 415 B/TNC 425 815



8 Cycles
8.3 SL Cycles (Group 1)

CONTOUR GEOMETRY (G37)
Application

All subprograms that are superimposed to define
the contour are listed in cycle G37 CONTOUR
GEOMETRY.

input data

Enter the LABEL numbers of the subprograms.
Up to 12 label numbers can be defined.

Activation
G37 becomes effective as soon as it is defined. Fig. 8.13: Example of an SL contour, A and B are pockets, Cand Dare
isiands
Exampile:
GO9S T3 L+0R+35*
T3GTI7 S1500 ...t e ene .. YYVOTKING Dlane perpendicular to Z axis
G37P011P022P033*
GO0 G40 Z+100 M2 *
€1 - I POt First contour label for cycle G37 CONTOUR GEOMETRY
GOT GAZ X+D YHT0 oo e vsvsernenaans Machining in the X/Y plane
X+20Y+10
1+50 J+50
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8 Cycles

8.3 SL Cycles (Group b

ROUGH-OUT (G57)
The ROUGH-0OUT cycle specifies cutting path and partitioning.

Sequence

s The control positions the tool in the tool axis over the first infeed point,

taking the finishing aliowance into account.
The tool then penetrates the workpiece at the programmed feed rate
for pecking.

Milling the contour:

* The tool mills the first subcontour at the specified feed rate, taking the

finishing allowance into account.
As soon as the tool returns to the infeed point, it is advanced to the
next pecking depth.

This process is repeated until the programmed milling depth is reached.

Further subcontours are milled in the same manner.

Roughing-out pockets:

After milling the contour the pocket is roughed-out. The stepover is
defined by the tool radius.

Islands are jumped over.

If required, pockets can be cleared with several downfeeds.

* At the end of the cycle, the tool is retracted to the setup clearance.

Required tool

The cycle requires a cenier-cut end mill ISO 1641) if the pocket is not
separately pilot drilled or if the tool must repeatedly jump over contours.

input data

SETUP CLEARANCE @&

MILLING DEPTH

The algebraic sign determines the working direction {a negative value
means negative working direction).

PECKING DEPTH ©

FEED RATE FOR PECKING:

Traversing speed of the tool during penetration

FINISHING ALLOWANCE @:

Allowance in the machining plane {positive value)

ROUGH-OUT ANGLE @

Feed direction fer roughing-out.

The rough-out angle is relative to the angle reference axis and can be
set, so that the resulting cuts are as long as pessible with few cutting
rmovements. :

FEED RATE:

Traversing speed of the tool in the machining plane

The machine parameters determine whether

« the contour is milled first and then surface machined, or vice versa
» the contour is milled conventionally or by climb cutting
* all pockets are roughed-out first and then contour-milled over all

infeeds, or whether
contour milling and roughing-out are performed mutually for each
infeed

Fig.8.14: Infeeds and distances of the
ROUGH-0OUT cyele

@\

Fig. 8.15:  Cutter path for roughing-out

TNC 407/TNC 415 B/TNC 425
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Cycles

8.3 SL Cycles (Group b

Example: Roughing-out a rectangular pocket

-

™\ g Y

Rectangular pocket with rounded corners
Tool: center-cut end mill (SO 1641), Y NP
radius 5 mm GO'A ® ® &
Coordinates of the island corners: @

X Y G98 L1
@ 70 mm 60 mm
) 15 mm 60 mm 20 N
€Y 15 mm 20 mm ® @
@ 70 mm 20 mm _@ - x
Coordinates of the auxiliary pocket: 15 70

X Y
® -5 mm -5 mm
@ 105 mm -5 mm
105 mm 105 mm
6)) -5 mm 105 mm
Starting point for machining:
& X=40 mm Y =60 mm
Setup clearance: 2 mm
Mitling depth: 15 mm
Packing depth: 8 mm
Feed rate for pecking: 100 mm/min
Finishing allowance: 0 Gos L2
Rough~out angle: o
Milling feed rate: 500 mm/min L )
ROUGH-OUT cycie in a part program
eSBIBI GTT ™ oo eeerr v en e st s esseess Start of program
NI10G30GT7X+0Y4+0Z-20 % ... Define workpiece blank
N20 G31 X+100 Y+100 Z+0 *
N30 GO TT L0 RE3 ¥ e Define tool
NAQ T1 G17 32500 * ..o, Gl tOO
NBO G37 P01 2P0O2 1% v N the CONTOUR GEQMETRY cycle, state that the contour

eiements are described in subprograms 2 and 1
NB0 57 PG1 -2 P02 -15 P03 -8 P04 100 P05 +0

POB +0PO7 800 ™ ..o s Cycle definition ROUGH-OUT

N70 GO0 G40 GO0 Z+T00 MOB * ..., RETraCT in the infeed axis, insert too!

N8O X+40Y+50 MO3 * oo Pre-position in X/Y, spindle ON

NOOZ+2Z MOB * e Pre-position in Z to setup clearance, cycle call

N100 Z+100 MO2 *

N110 Go8 L1 * Subprogram 1:

N120 GO1 G42 X+40 Y+60 * Geometry of the island

N130 X+15* (radius compensation G242 and machining in counterclockwise
direction: the contour element is an istand)

N150 Y+20 *

N160 G25 Rt2 *

N170 X+70 *

N180 G25 R12 *

N180 Y+60 *

N200Q G25 R12 *

N210 X+40 *

N220G98 L0 *

N230 Gos L2 * Subprogram 2:

N240 G01 G41 X5 Y-5 * Geometry of the auxiliary pockst:

N250 X+1056 * External boundary of the area to

N260 Y+105 * be machined

N270 X-5 * (radius compensation G41 and machining in counterclockwise

N280 Y-5 * direction: the contour element is a pocket)

N280 Ga8 LO *
N99999 %5818l G71 *

818
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8 Cycles

8.3 SL Cycles (Group I}

Overlapping contours

Pockets and istands can also be overlapped to form a new contour. The
area of a pocket can thus be enlarged by another pocket or reduced by an

island.

Starting position

Machining begins at the starting position of the first pocket listed in cycle
(337 CONTOUR GEOMETRY. The starting position should be located as

far as possible from the superimposed contours.

Example: Overiapping pockets

The machining process starts with the first contour label defined in
block 8. The first pocket must begin outside the second pocket.

Fig. 8.16: Exampies of overlapping contours

-

{1ISO 1841}, tool radius 3 mm

Coordinates of the circie centers:

@ X = 35mm Y =
@ X = 65mm Y =
Circle radii
R = 25mm

Safety clearance: 2
Milling depth: 10
Pecking depth: 5
Feed rate for pecking: 500
Finishing allowance; 0
Rough-out angle: 0
Milling feed rate: 500

inside machining with a center-cut end mill

50 mm
50 mm

mm
mm
mm

mm/min

mmy/mmin

-

> X

/

Continued on next page...

TNC 4£07/TNC 415 B/TNC 425
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Cycles

8.3 SL Cycles (Group I}

Cyele in a part program

N20 G31 X+100 Y+100 Z+0 *

NB0O G57 P01 -2 P02 -15 P03 -8 P04 100 PO5 +0

N100 Z+100 MO2Z *
NT10Gas L1 *

N140 Go8 LO *
N150 G88 L2 *

N180 Ge8 LD *
NS89999 %5820 G71 *

.

oS820 G771 % et
N10G30 G177 X+0 Y+0 Z-20 % .o

NBOGES TTL+0 R43 % e
NAO TT G17 82800 ¥ .o
NEQG37POT1POZ2™ et

POB +0 PO7 8500 * .o
N70 GO0 G40 GO0 Z+100 MOB ™ ...
N8O X+50 Y+50 MO3 * .o
NOO Z+2 MG ™ ..o

. Start of program

Define workpiece biank

Define teoo!

Call tool

In the CONTQUR GEOMETRY cycle, state that the contour
elements are described in subprograms 1 and 2

Cycle definition ROUGH-OUT

Retract in the infeed axis, insert tool
Pre-positien in X/Y, spindle ON

Pre-position in Z 1o setup clearance, cycle cail

Subprograms: Overlapping pockets

Pocket eiements A and B overlap.

The control automatically calculates the points of intersection S, and 5,
{they dc not have to be programmed). The pockets are programmed as full

circles.

N110  G88L1*
N120 G01 G41 X+10Y+50 *

N130 1+35J+50 GO3 X+10Y+50* A Left pocket

N140 G@8LO*

Nt50 GegL2*
N160 GO1G41 X+90 Y+B0 ¥

N170 1465 J+50 GO3 X+90 Y+50 * B Right pocket

N18C GBsLOo*
N99999 % 58201 G71 *

Fig.8.17:  Points of intersection 5, and 5, of

Depending on the control setup (machine parameters), machining starts pockets Aand B

efther with the outline or the surface:

Fig.8.18: OQutline is machined first

Fig. 8.18: Surface is machined first

8-20

TNC 407/TNC 415 B/TNC 425



8 Cycles

8.3 SL Cycles (Group )

Area of inclusion

Both surfaces A and B are to be machined, includ-
ing the mutually overtapped area.

* Aand B must be pockets.
* The first pocket (in cycle G37) must start outside
the second pocket.

N110 GssL1*

N120 G011 G41 X+10Y+50 *

N130  1+35 J+50 GO3 X+10 Y+50 *
N140 GS8LO*

N160 GegL2*

N160 GO1 G41 X+90 Y+50 *
N170  1+65 J+50 GO3 X+50 Y+50 *
N180 GS8LO*

Fig. 8.20:  Overlapping pockets: area of inglusion

Area of exclusion

Surface A is t0 be machined without the portion
overlapped by B.

* Amust be a pocket and B an istand.
+ A must start outside of B.

N110  G8B L1 ~*

N120 GO1 G471 X+10Y+50 *

N130  1+35 J+50 GO3 X+10 Y+50 *
N140 Go8LO*

N150 G98 L2~

N160 G071 G42 X+90 Y+50 *

N170  1+865 J+50 GO3 X+8C Y+50 *
N180 GesLo*

Fig. 8.21: Overlapping pockets: area of exclusion

Area of intersection

Only the area overlapped by both 4Aand Bis to be
machined.

* Aand B must be pockets.
* A must start inside B.

N110  GsgL *

N120 GOt G&1 X460 Y+50 *

N130  1+35 J+50 GO3 X+60 Y+50 *
N140 GOBLO*

N150 Gosi2+*

N160 GO1 G41 X+90 Y+50 *

N170  1+65 J+50 GO3 X+90 Y+50 *
N180 GogLo*

Fig.8.22: Overlapping pockets: area of intersection

— T S

Conpages20,

@ o Thesubprograms afeusedm -:ihé--'maln'-p:ogrg
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8 Cycles
83 Sl Cycles (Group 1)

Subprogram: Overlapping islands

An island always requires a pocket as an additional boundary (here, G98
L1). A pocket can also reduce more than one island surface. The starting
point of this pocket must be within the first isiand. The starting points of
the remaining intersecting island contours must be outside the pocket.

%S822| G771 *

N10 G30 G17 X+0Y+0 Z-20 *

N20 G31 X+100 Y+100 Z+0 *

N30 GS9T1L+0R+257*

N40  T1G17 S2500

NS0  G37P012P0Z3P0O31 %

NBO  G57 P01 -2 P02 -10 P03 -5 P04 100
P05 +0 P06 +0 PO7 500 *

N70 GO0 G40 GO0 Z+100 MO6 *

N8  X+50 Y+BO MO3 *

N9Q  Z:2Mg9*

N100 Z+100 MO2 *

N110 G88Lt *

Ni20 GO1G41 X+5Y+5*

NT130 X+95*

N140 Y+95*

N160 X+b5*

N160 Y+5*

N170 GSBLO~*

N180 GBBL2~*

N210 GeslLo*
N220 G98t3 ™

N250 G98LO*
N9S999 %5822 G71 *

Area of inclusion

Elements A and B are to be left unmachined,
including the mutually overlapped surface.

* Aand B must be islands.
* The first island must start outside the second
island.

N18B0 GB8LZ*

N12C GO1G42 X+10Y+50 *

N200 1435 Y+50 GO3 X+10 Y+b0 *
N210 GBBLO ™

N220 GOo8L3*

N230 GO1 G4Z X+90 Y+50 *

N240  1+65 J+50 GO3 X+80 Y+50 *
N250 G98LO*

N9899g % S822 1 G71

Fig.8.23: Qverlapping islands: area of inclusion
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8  Cycles
8.3 SL Cycles (Group )

Area of exclusion

Surface A is to be left unmachined, without the
portion overlapped by 8.

e Arust be an island and B a pocket.

* Brmust lie within A

N180 Gegl2*

N18C GO1 G42X+10Y+50 *

N200 {+35 J+50 GO3 X+10 Y+50 *
N210 GesLl0o*

N220 GOS8 L3 ™

N23G GO1 G41 X+40 Y+50 *

N240  |+68 J+50 G03 X+40 Y+50 *

N260 30810 *

LA FAeLV) SJo Ly

N99999 $822| G771~

Fig. 8.24. Qverlapping islands: area of exclusion

Area of intersection

Only the area overlapped by both A and Bis to
remnain unmachined.

* Aand B must be islands.
* A must start within B,

N180 GsgsL2*

N190  GC1 G42 X+60 Y+50 *

N200  1+35 J+50 GO3 X+60 Y+50 *
NZ210 GS8LO*

N220 Go8L3 ™

NZ3C GO1 G4Z X+80 Y+50 7

N240  i+65 J+50 GO3 X+90 Y+560 *
N250 Geslo*

N8988e % 58221 G711

Fig. 8.25: Overlapping islands: area of intersection
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Cycles

8.3 SL Cycles (Group 1)

Example: Overlapping pockets and islands

'S ™ -

PGM $824! is similar to PGM $8201 but adds
the islands Cand D.

Tool: Center-cut end mili (ISO 1641),

radius 3 mm

The contour is composed of the following
elements:

Two overlapping pockets /A and 8), and
two islands within the pockets (C and D).

Cycle in a part program

%5824| G71 *

N10 G30 G17 X+0Y+0Z-20 *

N20 G31 X+100 Y+100 Z+0 *

N30 G99 Tt L+O R+3 *

N40 T1 G17 S2500 *

NS0 G37 P01 1 POZ 2 PO33 P04 4 *
N6C G57 P01 -2 P02 -10 PO3 -5 P04 100 P05 +2 POB +0 P07 500 *
N70 GO0 G40 G0 Z+100 MOG *
N8C X+50 Y+50 MO3 *

NSO Z+2 MS9 *

N10C Z+100 MO2 *

NtioGeg L1 >

N120 G071 G41 X+10Y+50 *

N30 [+35 J+50 GO3 X+10Y+50 *
N140G98 L0 *

Nts0 Gos Lz *

N160 GO1 G41 X+90 Y+50 *

N170 1465 J+50 GO3 X+80 Y+50 *
N180 Geg Lo *

N180 Geg L3 *

N200 GO1 G41 X+27 Y+42 *
N210 Y+58 *

N220 X+43 *

N230 Y+42 *

N240 X+27 *

N250 Gog L0 *

N260 G98 L4 *

N270 GO1 G42 X+57 Y+42 *
N280 X+73 *

N280 X+65 Y+58 *

N300 X+57 Y+42 *
N310Gg8 L0 *

N99998 258241 G71 *

8-24
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8 Cycles

8.3 SL Cycles (Group )

Fig. 8.26: Milling of outling Fig. 8.27: Finished workpiece

PILOT DRILLING (G56)

This cycle performs pilot drilling of hales for cutter infeed at the starting
points of the subcontours. With SL contours consisting of severat overtap-
ping pockets and islands, the cutter infeed point is the starting point of the
first subcontour: -

The tool is positioned at setup clearance over the first infeed point.
The drilling sequence is identical to fixed cycle G83 PECKING.

The tool is then positioned above the second infeed point, and the
drilling process is repeated.

Input data

L I I

SETUP CLEARANCE

TOTAL HOLE DEPTH

PECKING DEPTH .

DWELL TIME identical to cycle G83
FINISHING ALLOWANCE ©

Allowed material for the drilling operation (see figure 8.29).

The sum of the tool radius and the finishing allowance shouid be the
same for pilot drilling as for roughing out.

Ya

Fig.8.28: Exampie of cutter infeed poinis
for PECKING

Yi

F7an » X

Fig.8.28: Finishing allowance

TNC 407/TNC 415 B/TNC 425
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8 Cycles
8.3 SL Cycles (Group I}

CONTOUR MILLING (G58/G59)

The CONTOUR MILLING cycles are used to finish-milf the contour pocket.
The cycles can also be used generally for milling contours.

Sequence

« The tool is positioned at setup clearance over the first starting point.

e Moving at the programmed feed rate, the tool then penetrates to the
first pecking depth.

« Upon reaching the first pecking depth, the tool mills the first contour at
the programmed feed rate in the specified direction of rotation.

e At the infeed point, the control advances the tool to the next pecking
depth.

This process is repeated until the programmed milling depth is reached.
The remaining subcontours are milled in the same manner.

Required tool

The cycle requires a center-cut end mill {ISC 1641).

: Fig. 8.30: Infeeds and distances for
Direction of rotation during contour milling CONTOUR MILLING

Clockwise: Gb8
« For M3: up-cut milling for pocket and isiand

Counterciockwise: G5B9 : Y
+ For M3: climb milling for pocket and island

input data

» SETUP CLEARANCE ®
« MILLING DEPTH
The algebraic sign determines the working direction (negative sign
means negative working direction).
s PECKING DEPTH © .
+ FEED RATE FOR PECKING: AR
Traversing speed of the too! during penetration > X
» FEED RATE:
Traversing speed of the tool in the machining plane

Fig. 8.31: Finishing siiowance
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8 Cycles

8.3 SL Cycles (Group 1)

The following scheme illustrates the application of the cycles PILOT
DRILLING, ROUGH-OUT and CONTOUR MILLING in part programming.

1. List of contour subprograms

G37
Ne call

2. Drilling

Define and call the drilling tool
G56

Pre-positioning

Cycle call

Fig. 8.32: PILOT DRILLING eycle

3. Rough-out

Define and call rough milling tool
G57

Pre-positioning

Cycle call

Fig. 8.33: ROUGH-OUT cycle

4. Finishing

Define and call finish milling tool
G58/G59

Pre-positioning

Cycle call

Fig. 8.34: CONTOUR MILLING cycle

5. Contour subprograms

MOz *
Subprograrns for the subcontours

TNC 407/TNC 415 B/TNC 425 &27



8 Cycles
8.3 SL Cycles {Group 1)

Example: Overlapping pockets with islands

Inside machining with pre-positioning, [
roughing-cut and finishing.

PGM 5829l is based on S8241:

The main program section is expanded by the
cycle definitions and calis for pilot driliing and
finishing.

The contour subprograms 1 to 4 are identical to
the ones in PGM 58241 (see pages 8-24 and
8-25) and are to be added after block N300.

FoSB2GI G7T % e Start of program
NI0G30GI7X+0Y+0 Z-20 % e, Define workpiece blank

N20 G31 X+100 Y+100 Z+0 * .

N30GISTTL+O R+2.5 % L Tool definition: drill bit

NAO GS3 T2 L+0 R+3 ™ e e 1001 definition: roughing mill

NBO GBI TR L+0 RH2.5 ™ e Toot definition: finishing mill

NBO LTO0 * et eeeeeer, SUBPTOGram cali for tool change
N70 G38MOB * .ot eee e e PTOGFAM STOP

NBOTT G17 S2500 ™ e Tool call: drill bit

NSO G37 P01 1P022P0O33 P04 4 * ... Cycle definition: Contour Geometry

N100 G586 P01 -2 P02 -10 PO3 -5 P04 500 POS +2 * . Cycle definition: Pilot Drilling
N1102Z+2 M0O3 *

NT20 G798 * e sicenrtseree s essneeenee-: CYCIE 2IL Pilot Drilling
N130L10,0*

N140 G38 MOB ™ ..o ceriniienser i eeceneen. 100! Change

N1BO T2 G17 ST7B0 ¥ oo Tool call: raughing mili
N160 G57 P01 -2 P02 ~10 P03 -5 P04 100 PO5+2

POS+0 PO7 BO0 * ...eeeeeeeerernerer s ersressen s rsssenes Cycle definition: Rough-Out
N170Z+2 MO3 *

NTBO GT79 ™ ittt Cycle call: Rough-Out
NtSOL10,0* )

N200 G38 MO6 * teermerreenrrsneanre s snanessernnenasnnneeeees 1001 CHANGE

N210 T3 G17 52500 * vrersennene. 100! €8l finishing mill

N220 G58 P01 -2 POZ 10 P03 10 P04 '100

P05 500 * e GYClE definition: Contour Milling
N230 Z+2 M03 *

N24D G79 * ernrereeer s GYCIE €I Contour Milling
N250 Z+100 M02 *

NZ2B0 GOB L10 ™ e eeee e ... SUbprogram for tool change

N270T0 G17 *

N280 G00 G40 G90 Z+100 *
N280 X-20 Y-20 *

N300 Go8 LO *

From block N310: Add subprograms on pages 8-24 and 8-25
N99999 %5829 G71 *
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8 Cycles

8.4 SL Cycles (Group 1)

The SL cycles of group |l aliow contour-oriented machining of complex
contours and achieve a particularly high degree of suriace finish.

These cycles differ from those of group | in the foillowing ways:

Before the cycie starts, the TNC autornatically positions the 100l to the
setup clearance.

Each level of infeed depth is milled without interruptions since the
cutter traverses around islands instead of over them.

The radius of "inside corners® can be programmed — the tool keeps
moving 1o prevent surface blermishes at inside comers {this applies for
the cutermost pass in cycles G123 and G124).

The contour is approached in a tangential arc for side finishing.

For floor finishing, the tool again approaches the workpiece in a tangen-
tial arc (for tool axis Z, for example, the arc may be in the Z/X planel.

+ The contour is machined throughout in either climb or up-cut milling.

MP 7420 is replaced by DIRECTION OF ROTATION Q9.

The machining data (such as milling depth, finishing allowance and setup
clearance) are entered as CONTOUR DATA in cycle G120.

There are four cycles for contour-oriented machining:

* »

PILOT DRILLING {G121)
ROUGH-OUT {G122)
FLOOR FINISHING (G123}
SIDE FINISHING (G124)

TNC 407/TNC 415 B/TNC 425
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8

Cycies

8.4 SL Cycles (Group 1l}

CONTOUR DATA (G120}

Applicaticn

Machining data for the subprograms describing the subcontours are
entered in cycle G120. These data are valid for cycles G121 to G124.

Input data

* MILLING DEPTH 1
Distance between workpiece surface and pocket floor. The algebraic
sign determines the working direction (negative sign means negative
working direction).
+* PATH QVERLAP FACTOR Q2
Q2 * tool radius = stepover factor k
» ALLOWANCE FOR SIDE Q3
Fimishing allowance in the working piane
« ALLOWANCE FOR FLOCR Q4
Finishing allowance in the tool axis
e WORKPIECE SURFACE COORDINATES Q5
Absolute coordinates of the workpiece surface referenced to the
workpiece datum
e SETUP CLEARANCE Q6
Distance between the tool tip and the workpiece surface
¢ CLEARANCE HEIGHT Q7
Absoiute height at which the tool cannot collide with the workpiece {for
intermediate positioning and retraction &t the end of the cycle).
« ROUNDING RADIUS Q8
inside “comer” rounding radius
¢ DIRECTION OF ROTATION Q8
Direction of rotation for pockets:
Clockwise (Q9 = -1)
up-cut milling for pocket and island
Counterclockwise (Q9 = +1)
climb milling for pocket and istand

Activation
(120 becomes effective immediately upon definition.

The machining parameters can be checked during & program intefruption
and cverwritten if required. :

H the SL cycles are used in Q parameter programs, the cycle parameters
Q1 to Q14 cannot be used as program parameters.

ZA

Fig. 8.35: Workpiece surface coordinates Q5

&

Fig.8.36: Direction of rotation Q9 and
stepover factor k

X

Fig. 8.37: Distance and infeed pararmeters

830
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8  Cycles
8.4 SL Cycles (Group 11}

PILOT DRILLING (G121)

Application Yi

Cycle G121 is for PILOT DRILLING of the cutter infeed points. It accounts
for the ALLOWANCE FOR SIDE and the ALLOWANCE FOR FLOOR as
well as the radius of the rough-out tool. The cutter infeed points also serve
as starting points for milling. ’

Sequence
Same as cycle G83 PECKING.

Input data

» PECKING DEPTH Q10 _ - ,
Dimension by which the tool drilis in each infeed Fig. 8.38:  Possible infeed point for
PILOT DRILLING

(negative sign for negative direction)
« FEED RATE FOR PECKING Q11
Traversing speed of the tocl in mm/min during driffing
= ROUGH MILL Q13
= Tool number of the roughing mill

TNC 207/TNC 415 BINC 425 831



8

Cycles

8.4 St Cycles (Group 11}

ROUGH-OUT (G122)

Sequence

The control positions the tool over the cutter
infeed point

The ALLOWANCE FOR SIDE is taken into
account.

After reaching the first pecking depth, the tool
mills the contour in an outward directicn at the
programmed feed rate Q12.

First the island contours {C and Din figure 8.39)
are rough-milled until the pocket contour (4, Bl is
approached. .
Then the pocket contour is rough-milled and the
tool is retracted to the CLEARANCE HEIGHT.

Fig. 8.39: Cutter path for ROUGH-QUT.

Input data Aand B are pockets, Cand Dare
 PECKING DEPTH Q10 isiands
Dimension by which the tool is plunged in each infeed
{negative sign for negative direction)
« FEED RATE FOR PECKING Q11
Traversing speed of the toct in mm/min during penetration
« FEED RATE FOR MILLING Q12
Traversing speed of the tool in mm/min while milling
Required tool
The cycie requires a center-cut end mill (ISC 1641) if the pocket is not
separately pilot drilled or if the tool must repeatedly jump over contours.
FLOOR FINISHING {(G123)
Sequence
Cycle G123 FLOOR FINISHING functions simitar to cycle G122 ROUGH-
QUT. The tool approaches the machining plane in & vertically tangential
arc. ‘
Input data
e FEED RATE FOR PECKING Q11
Traversing speed of the too! during penetration
¢ FEED RATE FOR MILLING O12
Traversing speed of the tool in the machining plane
832 TNC 407/TNC 415 B/TNC 425



8 Cycles

8.4 St Cycles (Group I}

SIDE FINISHING {G124)}

Sequence

The subcontours are approached and departed on a tangential arc. Each

subcentour is finish-milled separately.

input data

 DIRECTION OF ROTATION Q9
Direction of the cutter path
Clockwise: +1
Counterclockwise: -1

e PECKING DEPTH Q10

Dimensicn by which the tool plunges in each infeed

« FEED RATE FOR PECKING Q11
Traversing speed during penetration

= FEED RATE FOR MILLING Q12
Traversing speed for milling

s ALLOWANCE FOR SIDE Q14

Enter the allowed material for several finish-milling operations.
if Q14 = O is entered, the remaining finishing aliowance will be cleared.

Prerequisites

¢ The sum of ALLOWANCE FOR SIDE {Q14} and the radius of the finish
milf must be smaller than sum of ALLOWANCE FOR SIDE (Q3, cycle
(120) and the radius of the roughing mill. This calculation aiso holds if
G124 is run without having roughed out with G122, in which case 0
should be used for the radius of the roughing mill.

Example: Rectangular pocket with round island

Input parameters:

Milling depth Q1: =15 mm
Path overlap QZ: 1
Allowance side Q3: 1 mm
Allowance depth Q4: 1 mm
Top surface of workpiece Q5: 0
Setup clearance Q8: 2mm
Clearance height Q7: 50
Rounding radius Q8: 10 mm
Birection of rotation Q9: +1

1and 2.

Subcontours are defined in subprograms

~

ZA

A

Continued on next page...

TNC 407/TNC 418 B/TNC 425
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8 Cycles
8.4 SL Cycles (Group |1}

Part program

%S8351 G71 * it STEMT OF Program

N10 G30 G17 X+0 Y+O Z 20 * ceereerareeeennennnnnn DEFfiNE workpiece blank

N20 G31 G90 X+100 Y+100 Z+0 *

N3OGOITIL+OR+3* e, Define tools

N4O GO9S T2 L+OR+25 *

NBO GE9 T3 L+0 R+2.5*

N60 G37 P01 1 PO2 2 * .....Cycle definition: Contour Geometry
N70 G120 Q1=-15 Q2= 1 Q3 +1 Q4-+1 05—+0 .

QB=-2 Q7=+50 0B=+10Q8=41" ..o, Cycle definition; Contour Data

N80 L10,0 * s nane e vesmenneeeeeee e 8N SUBDrOGram for tool change
NS0 T1 G17 82500 *

N100 G121 Q10=-10 Q11=100Q13=2 % ...cccvrrno.... Cycle definition: Pilot Drilling
N110 G79 M3 * e erar e r e nne e e neeen e oY Gl CAIlE Pilot Drilling

NTZ20 L1000 ™ e Call subprogram for tool change
N130 T2 G17 $1500 *

N140 G122 Q10=—10 Q11=100 Q12=500 * .............. Cycle definition: Rough-Out
N150 G79 M3 * e en e e e OYCI GBI RoOugh-Out

N160 L10,0 * Call subprogram for tool change
N170 T3 G17 SSOOO *

N180 G123 O11=80 Q12=250 * ..............cscecveerenunen... Cycle definition: Floor Finishing
N190 G79 M3 * ....... Cycle call: Fioor Finishing

N200 G124 Q9=+1 010——5 O‘H =100 012—240

Q14=+0"* - cremeeneemsn: CyCle definition: Side Finishing
N210 G78 M3 * et e enne e e es WY CIE AL Side Finishing

N220 GO0 G40 Z+‘|00 M2 *

N2B0-GO8 L0 ™ et eeeeeesasren s s ienaasnns Subprogram for tool change
N240TO G17 * .

N250 GO0 G40 G80 Z+100 *

N260 X-20 Y-20 M6 *

N270G88 L0 *

N280 Go8 L1 * et e eee e e e IGONTOUT SUBProgram: Rectangular Pocket
N290 GO1 G42 X+10 Y+50 *

N300 Y+90 *

N310 X+90 *

N320 Y+10 *

N330 X+10 *

N340 Y50 *

N350 GS8 Lo *

N360 GIB L2 ™ e e e s e Contour subprogram: Circutar island
N370 G01 G41 X+35 Y+50 *

N380 i+50 J+50 *

N390 GO2 X+35 Y+50 *

N400 Ge28.Lo *

N99999 % 58351 G71 *
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8 Cycles

8.4 SL Cycles {Group I}

CONTOUR TRAIN {G125}

Sequence

This cycle facilitates the machining of open contours {the starting point of
the contour is not the same as its end point).

G125 CONTOUR TRAIN offers considerabie advantages over machining
an open contour using pasitioning blocks:

+ The control monitors the operation to prevent undercuts and surface
blemishes. It is recommended that you run a graphic simuiation of the
contour before execution.

v if the radius of the selected tool is too large, the corners of the
contour may have 1o be reworked.

* The contour can be machined throughout by up-cut or by climb milling.

The tool can be traversed back and forth for milling in several infeeds.
This results in faster machining.

s Allowance values can be entered in order to perform repeated rough-
milling and finish milling operations.

Fig.8.40: Example of an open contour

@ (3125 CONTOUR TRA]N shouid not be used’ fot'desed contours Wth c!osed contours the startmg pomtandend

pomt of the contoar must notbe located ina cémour oemer '

input data

* MILLING DEPTH Q1 -
Distance between workpiece surface and contour floor. The sign
determines the working direction (a negative sign means negative .
working direction).

« ALl OWANCE FOR SIDE Q3
Finishing allowance in the machining plane

* WORKPIECE SURFACE COORDINATES Q5

Absolute coordinates of the workpiece surface referenced to the
workpiece datum

s CLEARANCE HEIGHT Q7
Absolute height at which the tool cannot collide with the workpiece.
Position for tool retraction at the end of the cycle.

* PECKING DEPTH Q10
Dimension by which the tool is piunged for each infeed

e FEED RATE FOR PECKING Q11
Traversing speed of the tool in the tool plane

¢ FEED RATE FOR MILLING Q12
Traversing speed of the tool in the machining plane

» CLIMB OR UP-CUT Q15
Climb milling: inputvalue = +1
Up-cut milling: input value = -1

To enable climb milling and conventional up-cut milling alternately in
several infeeds: input value =0

TNC 407/TNC 415 B/TNC 425
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8 Cycles

8.4 3L Cycles (Group 1))

Example

p
Input parameters in cycle G125:

Milling depth Q1:

Allowance for side Q3:

Top surface of workpiece Q5:
Clearance height Q7:

Pecking depth Q10:

Feed rate for pecking Q11:
Feed rate for milling Q12;
Milling type Q15 {climb milling}:

=12 mm
0
C
10
-2 mm
100 mm/min
200 mm/min
+1

100

> ¥

Cycle in part program

Y8BT G7T ™ e
N10G30 G17 X+0Y+0Z-20* ....cceeeeeee.
N20 G31 GO0 X+100 Y+100 Z+0 *

N30 G99 T1 L+CR+10 *
N4O T1 G17 31500 *
NS0 G37 PO1 1 *
N60 G125 Q1=—12 03=+0 05=+0 Q7=+10 Q10=-2
O‘H:‘iOO Q12=200 01 B T ¥ s
N70 GO0 G40 GO0 Z+100 M3 ™ i
N8O G79 *
NS0 GO0 G40 Z+100 M2 *

NIDD GOB LT * e
N110 GO1 G41 X+0Y+15 *
N120 X+5Y+20*

N130 GOB X+5 Y+75 *
N14C G071 Y+85 *

N150 G25 R7.5 *

N160 GOt X+50 *

N170 G2 R7.5 *

N180 X+100 Y+80 *

N190 G98 Lo *

N99899 % 58371 G71 *

Start of program
Define workpiece blank

Define tool
Cazll tool
Cycle definition: Contour Geometry

Cycle definition: Contour Train

Retract in the infeed axis, spindle ON
Cycle call

Contour subprogram

8-36
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g Cycles

8.5 Coordinate Transformations

Once a contour has been programmed, it can be
positioned on the workpiece at varicus locgtions
and in different sizes through the use of coordinate i
transformations. The following cycles are available
for this:

* DATUM SHIFT (G53/G54)
* MIRROR IMAGE (G28)

+ ROTATION (G73)

¢ SCALING (G72}

The originai contour must he marked in the part
program as a subprogram or @ program section.

Duration of effect

A coordinate transformation becomes effective as A s

so0n as it is defined, and remains in effect until it is — — .

changed or canceiled. Tl @ . @

Cancellation T a S
- é\ I

Fig. 8.41:  Examples of coorgdinate transformations

Coordinate transformations can be cancelled in the |
following ways; ' ‘@

* Define cycles for basic behavior with a new
value {such as scaling factor 1}

e Execute a miscellaneous function M02 or M30,
or an N99999 %... biock (depending on machine
parameters)

+ Select a new program

TNC 407/TNC 415 B/TNC 428 8-37



8 Cycles

8.5 Coordinaie Transformations

DATUM SHIFT (G54)
Application

A datum shift allows machining operations to be repeated at various
locations on the workpiece.

Activation

After cycle definition of the DATUM SHIFT, all coordinate data are based
on the new datum, The datum shift is shown in the additional status
dispiay. :

input data

For a datum shift, you need only enier the coordinates of the new datum
{zero point). Absolute values are refgrenced to the manually set workpiece  Fig.8.42:  Activation of daturn shift
datum. Incremental values are referenced to the datum which was iast

valid (this can be a daturn which has already been shifted).

ZA ZA

Fig. 8.43; Datum shift, absolute Fig. 8.44: Datum shift, incremental

Cancellation

A datum shift is cancelled by entering the datum shift coordinates X =0,
Y=0andZ=0.

Shife st be-programmed beforé the other transfimations

Graphics

If vou program a new workpiece blank after a datum shift, MP 7310
determines whether the workpiece blank is referenced to the current
daturn or the originat datum {MP 7310: see page 11-10). Referencing a
new workpiece blank 1o the current datum enables you 1o display each

part in a program in which several parts are machined.
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8 Cycles

8.5 Coordinate Transformations

Example: Datum shift

.

A machining sequence in the form of a sub-
- program is to be executed twice:

al once, referenced to the specified datum
(T X+0/Y+0, and

b) asecondtime, referenced 1o the shifted
datum (2) X+40/Y+60.

Cycle in part program
%S8401 G71 * ...

N20 G31 X+100 Y+100Z+0 *

N70 G54 X+40 Y+60 *
N8O L1,0™ ...

NT100 Z+100 M02 =
N110G88 LY *

N230 GO Lo *
NS9999 %S840t G71 *

N10 G30 G17 X40 Y40 Z-20 * 1oereereror s
N30 GO9 T1 L+0 Rd * oo
NAO T1 G17 STB00 * oo

NB0 GO0 G40 G0 Z+100 * .o
NBO L1,0 % e

... Start of program

Define workpiece blank

Pefine tool
Call tool

.Retract in the infeed axis

Version 1 without datum shift

ettt et a st erere e n s armennenseeeeanenneen VETSION 2 With datum shift
NZO G54 X0 Y40 ™ et

Cancel datum shift

TNC 407/TNC 415 BfTNC 425
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8

Cycles

85 Coordinate Transformations

Subprogram

N110G98 L1 *

N120 X-10 Y-10 MQ3 *
N130Z+2 *

N140 G01 Z~5 F200 *
N150 G471 X+0 Y+0 *
N160 Y+20 *

N170 X+25~*

N180 X+30Y+15 *
N180 Y+C >

N200 X+0 *

N210 G40 X-10 Y-10 *
NZ20 G00 Z+2 *
N230GSg Lo ™

N

Depending on the transformations, the subprogram is added to the
program at the following positions (NC blocks):

LBL1 LBL O
Datum shift block N110 block N230
Mirror image, rotation, scaling block N130 block N250

DATUM SHIFT with datum tables (G53)

Application
Datumn tables are applied for

* frequently repeating machining sequences at various locations on the
workpiece .
* frequent use of the same datum shift

The datum points from datum tabies are only effective with absolute
coordinate values.

Within a program, daturn points can either be programmed directly in the
cycle definition or cailed from a datum table.

Input

Enter the number of the datum from the datum table or 2 Q parameter
number. If you enter a Q parameter number, the TNC activates the datum
number found in the Q parameter.

Cancellation

+ Call a detum shift to the coordinates X =0; Y =0, etc., from a datum
table.

* [Execute the datum shift directly via cycle definition (see also page
8-38).

Fig. 8.45:

Similar datum shifts

L

Fig. 8.46:

Only absolute datum shifis are
possible from a datum tabie

8-40
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8 Cycles

8.5 Coordinate Transformations

@7

Editing a datum table
Datum tables are edited in the PROGRAMMING AND EDITING mode:

iyl SELECT SHOL! Show the datumn tabie . )
NAME
| Lo
v

SELECT Select the desired file
|

——— — ——— S — — — . — — — — — i —— S — —— — — — ——— — — —— — ———" — —

@ Enter new file name, such as TAB.D

SELECT
=<3
L J
. -
[ Edit the datum tabie ]

The soft keys comprise the following functions for edtting:

BEGIN END PAGE PRGE INSERT | DELETE NEXT
TABLE TABLE @ ﬁ LINE LINE LINE
Function Soft key
- BEGIN
» (5o to beginning of datum table TRBLE
* (5o to end of datum table END
TRABLE

PAGE | PAGE
Page up/down ﬁ / ﬂ

INSERT
* |nsert jine L INE
) DELETE
* Delete line LINE
+ Enter line, go to beginning of MEXT
next line _ L INE

. New Imes can: oniy be.inserted at the end of‘the ﬁ!e- . : ;
» Whenropening a.new datum table, bé sureto selectthe correct dimensn:ns (mmf nchl. .
[ . Patums. from'a datum table can be referenced efl:her fothe curent datum of 1o, the machine datum-
The desrred setting.is-made in MP 7475 (see page- 11-1 5) ;

TNC 407/TNC 415 B/TNC 425 841
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" Cycles

8.5 Coordinate Transformations

MIRROR IMAGE {(G28)

Application

This cycile allows you to machine the mirror image
of a contour in the machining plane.

Activation

The mirror image cycle becomes active immediate-
ly upon being defined. The mirrored axis is shown
in the additional status display.

* if one axis is mirrored, the machining direction of
the tool is reversed (except in fixed cycles).

s [f two axes are mirrored, the machining direction
remains the same.

The resuit depends on the location of the datum:

» [f the datum is located on the contour 1o be
mirrored, the part simply “flips over.”

= |{ the datum is located outside the contour to be
mirrored, the part also “jumps” to another
focation.

Input data

Enter the axes that you wish to mirror. Note that
the tool axis cannot be mirrored.

Cancellation

This cycle is cancelled by entering G28 without an
axis.

Fig.8.47: Mirroring a contour

Fig. 8.48: Repeated mirroring, machining direction

Fig. 8.48: Datum located outside the contour to be rmirrored
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8 Cycles

88 Coordinate Transformations

Example: Mirror image

r

A program section {subprogram 1) is to be exe-

cuted once as originaliy programmed at position ZA
X+0/Y+0 (@, and then mirrored once

in X @ at position X+70/Y+60 @.

MIRROR IMAGE cycle

%S844] G711 * .
N10 G30 G17 X+Q Y+0
N20 G31 X+100 Y+100
N3C G T1 L+0 R+4 *
N4C 71 G17 S1500 * ...
N60 11,0 *
N70 G54 X+70 Y+60 *
N80 G28 X *

N100 G28 *
N110 G54 X+0 Y+0 * ..
N120 Z+100 MO2 *

N130 Go8 L1 *

N250 GI8 L0 *
NO9999 %S844] G71 *

in a part program

Z-20 % e
246+

NBEQ GO0 G40 GO0 Z+100 ™ oo

... Start of program

Define workpiece biank

Define tool

Call tool

Retract in the infeed axis
Version 1 unmirrored

Shift datum

Activate mirroring

Version 2, shifted and mirrored
Cancel mirroring

.. Cancel datum shift

Same as subprogram on page 8-40
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8  Cycles

8.5 (Coordinate Transformations

ROTATION (G73)
- Application

This cycle enables the coordinate system 10 be rotated about the active
daturn in the machining plane within a program.

Activation

Rotation becomes active immediately upon definition. This cycle is aiso
effective in the POSITIONING WITH MANUAL INPUT mode.

Reference axis for the rotation angle:

s XJY plane X axis
» Y/Z plane Y axis
* Z/X plane Z axis

The active rotation angle is displayed in the additional status display.

input data

The rotation angle is entered in degrees (°).
Input range: —360° to +360° (absoiute or incremental).

Cancellation

Rotation is cancelied by entering & rotation angle of 0°.

Example: Rotation

A contour {subprogram 1} is to be executed

once as originally programmed referenced to Z A
the datum X+0/Y+0, and then rotated by 35°
and referenced to the position X+70 Y+60.

Continued on next page...
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8 Cycles

8.5 Coordinate Transformations

ROTATION cycle in a part program

%S8461 G71 * et rene e e SLATE OF program
N10G30 G17 X+O Y+0 2—20 e ———- Define workpiece blank
N20 G31 X+100 Y+100Z+0 * -
N3O GIZTT LHO R4 ™ e, Define tool

NAD T1 G17 SI1500 ™ et e Call tool

N50 GO0 G40 GS0 Z+100 * ... eeeeveeeeee..... Retract in the infeed axis
N6Q L1,0 * ertere et ir e rrmrrresseenseanemenenenne o VETSION 1 (DO rotated)
N70 G4 X+70 Y+60 * :

N80 G73 G0 H+35 *

N30 L1,0* e et e .. VETSION 2 (Shifted and rotated)
N100 G73 GQO H+0 L Cancel rotation

NTTO GBA X0 Y40 ™ ittt Cancel datum shift

N120 Z+100 MO2 *
Ni30 G883 L1 *

Same as subprogram on page 8-40

N250 G98 LD *
N99999 %5846| G71 *

.

The corresponding subprogram {see page 8-41) is programmed after M2.

SCALING FACTOR {G72)
Application
G72 allows conteurs t¢ be enlarged or reduced in size within a program,
enabling you to program shrinkage and oversize allowances.
Activation

The scaling factor becomes effective immediately upon definition.
The scaling factor can be applied

« in the machining plane, or on all three main axes at the same time
(depending on MP 7410}

« 10 the dimensions in cycles

* 1o the parallel axes U, V, W

input data

The cycle is defined by entering the factor F. The control then muitiplies
the coordinates and radii by F {as described under Activation above).
Enlargement: F > 1 (up to 89.999 999)

Reduction: F < 4 {down to 0.000 001)

Cancellation

Cancel the scaling factor by entering a scaling factor of 1 in the SCALING
FACTOR cycle.

Prerequisite

It is advisable to set the datum to an edge or a corner of the contour
before enlarging or reducing the contour.
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8 Cycles

8.5 Coordinate Transformations

Example: Scaling factor

I

A contour {subprogram 1) is to be executed
as originally programmed at the manually
set datum X+0/Y+0, and then referenced to
position X+80/Y+70 and executed with a
scaling factor of 0.8.

SCALING FACTOR cycle in a part program

N10G30 G177 X+0 Y40 Z=20 % e
NZ20 G31 X+100 Y+100 Z+0 *

N30 GO TT Ll R4 * i rariniaas
NAD TT G17 S1500 * e eeeeeirsreeeeenisnans
NS0 GO0 G40 GO0 Z+100 % (i
N70 Gb4 X+70Y+60 *

N80 G572 F08 *

N100 G72 F1 *
NT10 GBA X0 Y40 * e e vinans
N120 Z+100 MO2 *

N130G8B L1 *

N250 G8B LO *
NSS999 %58471 G71 *

... Start of program

... Version 1 (original size)

Same as subprogram on page 8-40

Define workpiece blank

Define tooi
Cali too!
Retract in the infeed axis

Version 2 (shifted and reduced in size)
Cancel scaling factor
Cancel datum shift

The corresponding subprogram (see page 8-40} is programmed after M2.

846
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8 Cycles

8.6 Other Cycles

DWELL TIME {G04)
Application

This cycle causes the execution of the next biock within a running pro-
gram to be delayed by the programmed dwell time. '

The dwell time cycle can be used for such purposes as chip breaking.

Activation

This cycle becomes effective as soon as it is defined. Modat conditions
such as spindfe rotation are not affected.

Inpust data

The dwell time is entered in seconds after GO4 with F.
Input range: 0 to 30 000 sec. (approx. 8.3 hours) in increments of
0.001 sec. ,

Resulting NC block: N135 GO4 F3*

PROGRAM CALL (G39)

Application and activation

Routines that are programmed by the user {such as special drilling cycles,
curve milling or geometrical modules) can be written as main programs
and then called like fixed ¢ycles.

Input data
Enter the file name of the program to be called.

The program is called with

s (579 (separate block) or
* M99 (blockwise)} or
* MBS (modalliy).

Example: Program cali

A czliable program {program 50) is to be called into a program via a cycle

call.
Part program
G3APOT B0 e e “Program 50 is a cycle”
GO0 G40 X+20 Y+50 MO9S ... viccceneee Call program 50
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8 Cycles
‘8.8 Other Cycles

ORIENTED SPINDLE STOP {G36)

Application

The control can address the machine tool spindle as a 6th axis and rotate
it to a given angular position. Oriented spindie stops are required for

* Tool changing systems with a defined tool change position
¢ QOrientation of the transmitter/receiver window of the HEIDENHAIN
TS 511 3D touch probe system

Activation

The angle of orientation defined in the cycle is positioned to by entering
M19. i M191s executed without a cycle definition, the machine todl
spindle will be oriented to an angle which has been set in the machine
parameters.

Fig.8.50: Oriented spindle stop

@ Apap{from cycle GSGonemedsp n psmﬁ also be pmgrammed nthe machme parameters.

Prerequisite

The machine must first be set up for this cycle.

Input data

Angle of arientation S (gccording to the reference axis of the machining
plane).

Input range: 0 1o 360°

Input resclution:  0.1°
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9 External Data Transfer

The TNC features two interfaces for data transfer between it and other
devices.

Application examples:

Blockwise transfer (DNC mode)

Reading files into the TNC

Transferring files from the TNC to external devices
Printing files

The two interfaces can be used simultaneously.

9.1 Menu for External Data Transfer

To select external data transfer:

[ E@ Menu for external data transfer appears on the screen.

The screen is divided into two halves:

interface mode

Active interface (FET, FE2Z, ME, EXT1, EXT2);
(RS-232 or RS422) indicated fite type
ggg;w PROGRAMMING RAND EE}I&NG
™o REZ3Z-FE1:
79153 -H 1188 $MDI H1
FRESADOR WH 4B 1 M1
TABY .T 1478 18 Hd
TOOL -7 14578 M 1111 =K 1
T 115 K%
Files in PAL1 R 9 123 W1 | Files {if any) in external
the TNC PALZ R 123456 ot storage device
op2sLP .o 482 . 202 K2
SK58 .L 452 22742602 =8
1 A 218 200 HO
11y A 53 3580 HO1
2 WA 189 3501 WHO1
57 FILEIS) 156016 BYTES VACANT® 48 FILE(S) 688 SECTORS WRCANTT
[~ FABE PAGE | TRANSFER | TRRNSFER mnr:ss‘m SELECT | WINOOW ]
T 4 -|@e@ @.\,@' B |EE=} END

@ {f yd_u select the data transfer function from a tool table or pocket table, only the functiorfs

TRANSFER | TRANSFER

- @re available.
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L] External Data Transfer

9.2 Selecting and Transferring Files

The data transfer functions are provided in a soft-key row.

Soft-key row in the PROGRAMMING AND EDITING mode of operation:

PAGE PAGE TRANSFER | TRANSFER | TRANSFER SELECT L INDOW
?
TSN SN [ N : EEl= END
ﬂ ﬂ TNC EWT {THC © EXT TYPE EE
Selecting files
Use the arrow keys 1o select the desired file. The PAGE soft keys are for
scrolling up and down in the file directory. The SELECT TYPE soft key has
the same function as described earlier (see page 1-27).
Renaming files
Use the soft key RENAME (see page 1-31) to rename files in the TNC, for
example when there is already a file in the external devicewith the same
name. :
Transferring files
Transferring files from the TNC to an external device
The highlight is on a file that is stored in the TNC.
Function Soft key
TRANSFER
+ Transfer selected fiie ¢
. TRANSFER
» Transfer all files
=
TNC  EXT
* Select files consecutively for individual TRANSFER
transfer. Press ENT to transfer, otherwise 7
press NO ENT TNC ™ EXT
93
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9 External Data Transfer

8.2 Selecting and Transferring Files

Transferring files from an external device to the TNC

Use the cursor key to move the highlight to a file that is stored in the
external device.

Function Key
. TRANSFER
+ Transfer the selected file @
* Transfer all files TRANSFER
=
THC  EXT
* Select files consecutively for individuai ) TRANSFER
transfer. Press ENT t¢ transfer, otherwise 7
press NO ENT e ¢ ERT

Interrupt transfer

You can interrupt data transfer by pressing the END key or the END soft
key.

@ » {f the TNC recognizes erroneously transferred program blocks, it will mark them with-ERROR =.
These blocks must then be correctéd in the PROGRAMMING AND EDITING mode.

« If you want to.transfer files between two TNCs, start ransmission from the receiving TNC.

Blockwise transfer it s | |51 RUN
FILE NAME - EEE. H
The menu 1o the right is for biockwise transfer (see RS232FEL: #.H
page 3-11). First select as usual the name of the fite
to be transferrad blockwise. Then start data 1 H .
transfer with the SELECT soft key. 1B HO
1111 HO
115 HO
123 HO
1234586 Ho
288 Ho 2
22742682 H s
398 JHo
35Q8 H
2581 HOy
45 FILESS) B8¢ SECTORS WRCANTY
PAGE PAGE SELECT SELE; T E’N D
|

Fig.2.1:  Menu for blockwise transfer
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9 External Data Transfer

9.3 Pin Layout and Connecting Cable for the Data Interfaces

RS-232-C/V.24 interface

HEIDENHAIN devices

HEIDENHAIN
standard cable

E3mz‘z

RS-232-C
adapter block -

—~]

HEIDENHAIN
connecting cable

E max. 17 mz

¥

Id-Nr. 242 869 01 Id.-Nr. 239 758 01 Id.-Nr, 238 760..
= = >
E ws,‘br' l ’—;ws.fbr ws/br
. . 1| 1= 1] 1 %
2|l 2 21 2
> g 31l 3 2l 3 g >
ar 5
> s | B 4 e g <
Eanmi e e
L[ b | 2l 7 T 4]
! L gl 8 gl 8
9|l o 9|l 9
1010 161[10
1111 IRIRA
12|12 12112
1312 131113
141[14 14114
15|} 15 15(] 15
18] 16 161116
171117 17117
181 18 18|18
191]{ 19 19|19
or 20| 20 20 || 20 o
L T | A W/

—
D WO DN P W =

11
12
13
14
15
16
17
18
19
20

X2t
TNC

GND Chassis

RXD Receive Data

TXD Transmit Data

CTS C(lear To Send

RTS Request To Send
DTR Data Terminal Ready
GND Signal Ground

DSR Data Set Ready

Rall
i
2
3
4
5
6
7
g
9

10
11
12
13
14
15
16
17
18
19
20

External unit
eq. FE
=
GND § 1 1
TXD | 2] 2
RXD [ 3 3
RIS | 4| 4
CTS 5 5
DSR | B 8
GND Y 7 7
8|l 8
g9 9
10110
11 [+ 17
121112
131113
14 1] 14
15| 15
161 16
171117
18 ([ 18
18 (1 19
DTR {2020
Fig. 8.2:

Pin layout of the RS-232-C/V.24 interface for HEIDENHAIN devices

@ The connector pin fayout on the adapter block differs from that on the TNC fogic unit (X21).

Non-HEIDENHAIN devices

The connector pin layout on a non-HEIDENHAIN device may differ consid-
erably from that on a HEIDENHAIN device, and depends on the unit and

the type of data transfer.

TNC 425/TNC 415 B/TNC407
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9 External Data Transfer

9.3 Pin Layout and Connecting Cable for the Data interfaces

RS-422/V.11 Interface
Only non-HEIDENMAIN devices are connected to the RS-422 interface.

External V.11-Adapter- HEIDENHAIN- X22
unit Bilock connecting TNC
e.q. PC cable
max. 1000 m
== O—D
Id.-Nr. id.-Nr.
24981901 . 250 478..
> —— > —- >
l ID—--—| 4 )
11— k| 3 j 1 1| GND Chassis
2 2| 2B 80 ol 2 RO
3 3 3 WH 3 3 ET§
4 4 4 GN 4 4| 1XD
5 5 5 WH/GN 5 5| RTS
5] 6 6 YK 6 6| DSR
7 7 7 T 71| 7} DTR
8 gl 8 2D 8({ 8] GND Signal
9 9|l o o g|l 9] RXD
10 10{[10 EN 10|| 10| CTS
11 11 11 L n||n| o0
12 12|12 EN 124| 12| RTS
13 13 (113 AOBL 13113 | DSR
14 14 {114 14114 | DTR
15 151115 151115

Fig.9.3:  Pinlayout of the RS422/V.11 interface

HTEU'?  The pin layouts on the TNC logic unit (X22) snd on the adapter block aré identical.
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g Externa! Data Transfer

9.4 Preparing the Devices for Data Transfer

HEIDENHAIN devices

o

HEIDENHAIN devices {FE floppy disk unit and ME magnetic tape unit) are
already adapted to the TNC. They can be used for data transfer without
further adjustments.

Example: FE 401 floppy disk unit

Connect the power cable to the FE

Connect the FE and TNC with the datz interface cable
Switch on the FE

insert a floppy disk into the upper drive

Format the disk if necessary

Set the interface (see page 10-4)

Transfer the data

o The memory capacity of a floppy disk is given in sectors.
¢ The baud rate can be selected at the FE 401,

Non-HEIDENHAIN devices

The TNC and non-HEIDENHAIN devices must be adapted to each other.

Adapting a non-HEIDENHAIN DEVICE to the TNC

¢ PC: Adapt the software
* Printer: Adjust the DIP switches

Adapting the TNC to a non-HEIDENHAIN device

Set the user parameters:
¢ 5020.0t0 5210.0 for EXT1
e 5020.1t0 5210.7 for EXT2

The two settings can be adjusted, for exampie, to aPC (e.g. EXT1)ortoa
printer {EXT2).

TNC 425/TNC 415 B/TNC407
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10 MOD Functions

The MOD functions provide additional displays and
input possibilities. The available MOD functions
depend on the seiected operating mode.

Functions and displays available in the PROGRAM-
MING AND EBITING mcde of operation:

Display NC software number
Display PLC software number
Enter code number

Set data interface
Machine-gpecific user parameters
HELP files {if provided)

> & 8 9 8 8

in the TEST RUN mode of operation:

¢ Display NC software number
» Display PLC software number

* Enter code number

* Set dats interface

¢ Graphic display of the workpiece biank in the
working area of the machine
Machine-specific user parameters

HELP files (if provided)

In all cther modes:

Display NC software nurnber

Display PLC software number

Display code digits for instalied options
Select position display

Unit of measurement {mm or inch)
Programming fanguage (HEIDENHAIN or ISQ)
Axis traverse limits

Disptay daturns

HELP files (if provided}

HARLIAL PROGRAMMING AND EDITING

QPERATION

CODE NUMBER T

NC : SOFTWARE NUMBER 259938 @7S
PLC: SOFTWARE NUMBER 252489 @1

O | 2i3 | = |HELP END

SETUP |PRRAMETER

Fig. 10.1:  MOD functions in the PROGRAMMING AND
EDITING mode

oreemtian | 1EST RUN

CODE NUMBER [ ]

NC : SOFTWARE NUMBER 258538 87S
PLC: SOFTWARE NUMBER 252433 @1

RS 232 DRTUM USER
O~ Ré:uzlf SET PRRRME TER HELP END

Fig. 1¢.2:  MOD functions in the TEST RUN mode

MANUAL OPERRTION TEST RUN

POSITION DISPLAY

DIST.
CHRNGE MH/INCH MM
PROGRAM INPUT HEIDENHAIN

NC : SOFTWARE NUMBER 259338 B7S
PLC: SOFTWARE NUMBER 252439 81

POSITION~ AXIS HELP END

INFUT PGH LIMIT

Fig. 10.3: MQD functions in a machine operating mode

10-2
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10 MOD Functions

10.1 Selecting, Changing and Exiting the MOD functions

To select the MOD functions:

4 ~

If necessary Change 1o the desired mode of operation.

i
@ Select MCD functions.

To change the MOD functions:

[ Use the arrow keys to move the highlight to the desired MOD function. J
.
Page through the MOD functions until you find the desired function.

Repeatedly

eq. B Enter the appropriate numbers and confirm entry with ENT.

To exit the MOD functions:

Close the MOD functions.

END | o

10.2 Software Numbers and Option Numbers

The software numbers of the NC and PLC are displayed in the MOD
function opening screen. Directly below them are the code numbers for
the installed options (only for conversational programming).

» Digitizing option OPT: 1
* Digitizing and measuring touch probe options OPT: 11

10.3 Code Numbers

A code number is required for access to certain functions:

Code number
To cancel file erase and edit protection (status P} 86357
To seiect user parameters 123

TNC 425/TNC 415 B/TNC 407 10-3



10 MOD Functions

10.4 External Data Interfaces

Press the soft key marked RS 232-/ RS 422 - SETUP to call a menu for
setting the external data interfaces.

* MODE OF OP. - Type of external storage device: FE1, FE2, ME, EXT1,

EXT2, L8V2

* BAUD RATE - Sets the data transfer speed (110 to 38400 baud)

* ASSIGN - Assigns either the RS-232 or the RS-422 interface to the
operating modes

* PRINT - Qutputs digitized data through RS-232, RS-422 or FILE

Setting the RS-232 interface

The mode of operation and baud rates for the RS-232 interface ars
entered in the upper ieft of the screen. .

Setting the RS-422 interface

The mode of operation and baud rates for the RS-422 interface are
entered in the upper right of the screen.

Selecting the OPERATING MODE

External device OPERATING MODE

HEIDENHAIN fioppy disk units
*FE401 B FE 1
* FE 401 with program no. 230 626 03 or higher

HEIDENHAIN FE 401 floppy disk unit with
program nurmber below 230 626 03

FE 2
PC with HEIDENHAIN data transfer
software TNC.EXE
HEIDENHAIN ME 101 magnetic tape unit ME
{no longer produced)
Non-HEIDENHAIN devices such as a printers, EXT1
tape punchers, PCs without TNC.EXE EXT2
PC with HEIDENHAIN software LSV2

TNC REMOTE for remote operation

@ The HEIDENHAIN ME 101 magnetic tape unit {ME mode of operation) can oniy be used in the TNC mode of

operation PROGRAMMING AND EDITING.

104
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10 MOD Functions

10.4 Setii

ng the External Data interfaces

Downward compatibility

For programs that are transferred through the
external data interface, the resclution of the
numerical data can be set t0 0.7 ymor 1 pm.

The 1 ym setting transfers the data with only 3
places after the decimal point in the metric system
{4 places in the inch systern).

This feature ensures the downward compatibility of
the TNC 425 to earlier software versions and other
TNCs.

Selecting the resolution

To seiect the resolution of the transferred data, go
to the PROGRAMMING AND EDITING mode of
operation:

OPERATION

MANURL PROERAMMING AND EDITING

MODE OF 0OP.:
BRUD RATE

FE P 35es
EXT1 9688
EXT2 : SEB89
Lsve : 38408

ASSIGN:
PROGRAMMING:

PROGRAM RUN:
TEST RUN

RS232 INTERFACE

R8232
RS232

i RS8232

RS422 INTERFRCE

MODE 6F OoP.: FE 1

BAUD RATE

FE : 9688

EXT1 : ScRe

EXTZ2 : 9cg@

Lsvz : :1g

PRINT ¢ RsSz32

PRINT-TEST : RS232

%5 232 | ropwar
%S 422 aRH
seTue | 1unvEIDE

END

Fig.10.4: The FORMAT 1 um /0.1 ym soft key ensures
downward compatibility

\
[ Call the da_ta transfer menu.
J
N
r ™
@ Select the MOD functions.
- g
' ™
FORMAT Setformatto T umor 0.1 um,
1UM-10M ‘
- g
- lLeave the MOD functions.
END
\ v
-y
TRANSFER Transter the prograr.
eq. ;
=
THC EXT
Setting the baud rate
The baud rate {data transfer speed} ¢can be selected from 11010
38400 baud.
@? * The baud rate of the ME 101 is 2400 baud. - _
= |t is not possible to transfer through one interface at 19 200 baud and ancther interface at 38400 baud at the
same time. ; :
ASSIGN
This function determines which interface {RS-232 or RS-422) is used for
external data transfer in the indicated TNC modes of operaticn.
1G-5
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10

MOD Functions

10.4 Setting the External Data Interfaces

PRINT and PRINT-TEST

The PRINT and PRINT-TEST functions set the destination for the trans-
ferred data.

Applications:
» Transferring values with the Q parameter function FN15
* Transferring digitized surface data

The TNC mode of operation determines whether the PRINT or PRINT-
TEST function is used:

TNC mode of operation Transfer function
PROGRAM RUN, SINGLE BLOCK PRINT
PROGRAM RUN, FULL SEQUENCE PRINT

TEST RUN ‘ PRINT-TEST

PRINT and PRINT-TEST can be set as follows:

Function Setting
Transfer data via RS-232 RS-232
Transfer data via RS-422 RS-422
Save data to a file in the TNC FILE
Do not save data {Vacant)

Files in the TNC {FILE setting)

Data Mode of operation File name

Digitized data PROGRAM RUN Set as in the RANGE
cycle

Velues with FN15 [ PROGRAM RUN % FN15RUN.A

Values with FN15 | TEST RUN %FNT5SIM.A

To change & setting, type it into the highlight and confirm by pressing ENT.

10-6
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10 MOD Functions

10.5 Machine-Specific User Parameters

The machine tool builder can assign functions to up to 16 user parame-
ters. For more detailed information on user parameters, refer 1o your
machine operating manuai.

10.6 Showing the Workpiece in the Working Space

The DATUM SET soft key enables you to graphically check the position of
the workpiece blank in the machine's working space and to activate the

work space monitoring in the TEST RUN mede of operation.

Avaiiable traversing
range, referenced
to the displayed
workpiece biank

Size of the blank

Coordinate system

MANUAL
OPERRTIDR

TEST RUN

—&| /9@

| &

IR

Working space

Workpiece blank
with orthographic
projections

TNC 425/TNC 415 B/TNC 407
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10 MOD Functicns

10.6 Showing the Workpiece in the Working Space

Overview of functions

Function

Move workpiece blank to the left or right
(graphically)

Move the workpiece blank forward or backward
{graphically)

Move the workpiece blank downward or upwarg
{graphically)

Show workpiece blank referenced to the set
datum

Shift the soft-key row

Shkow the entire traversing range referenced to
the workpiece blank

Show the machine datum in the working space

Show a position determined by the machine tool
builder (e.g. tool change position} in the working
space

Show the workpiece datum in the working space .

Disabie {OFF) or enable (ON) work space
monitoring during test run

| —
QFF|~ ON

10-8
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10 MGOD Functions

10.7 Position Display Types

The positions indicated in figure 10.5 are:

Starting position: (&)
Target position of the tool @
Workpiece daturn @ ‘

Scaile reference point @

Fig. 10.5: Characteristic positions on the workpiece and sczle

The TNC position display can show the
following coordinates:

+ Nominal posiiion: the value presently

commanded by the TNC ) <o NOMLL
¢ Actual position: the position at which the
tool is presently located (B) ovvveirinee e ACTL.

* Servo lag: the difference between
nominal and actual POSItions &) ... rervrrrnsnisiiriiiee e, LAG

* Reference position: the actual position as
referenced to the scale reference point @ ....coeveeieceiiireesnna REF

» Distance remaining to the programmed position: the
difference between actual and target positions &) .................... DIST.

The MOD function POSITION DISPLAY (see figure 10.3) permits different
types of position information for the status display and the additional
status display:
* The upper selection

determines the position display in the status display.

* The lower setection
determines the position display in the additional status display.

TNC 425/TNC 415 B/TNC 407 . 10-9




10 MOD Functions

10.8 Unit of Measurement

This MOD function determines V\}hether coordinates are displayed in
mitlimeters imetric system) or inches.

* To select the metric system (e.g., X = 15.789 mm},

set the CHANGE MM/INCH function to MM.

The value is displayed with 3 digits after the decimal point.
¢ To select the inch system (e.g., X = 0.6216 inch),

set the CHANGE MM/INCH function to INCH.

The value is displayed with 4 digits after the decimal point.

10.9 Programming Language for SMDi

The PROGRAM INPUT mod function lets you decide whether to program
the $MDI file in HEIDENHAIN conversational dialog or in G-codes in
accordance with 1SO.

* To program the $MDILH file in conversational dialog,
set the PROGRAM INPUT function to HEIDENHAIN.
* To program the $MDI.I file according to ISO,
set the PROGRAM INPUT function to I1SO.

10-10
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10.10 Axis Traverse Limits

The AXIS LIMIT mod function allows you fo set
limits o axis traverse within the machine's actual
working envelope.

Possible application:
10 protect an indexing fixture against tocl collision.

The maximum range of traverse of the machine
tool is defined by software limit switch. This range
can be additionally limited through the AXIS LIMIT
maod function. With this function you can enter the
raximum and minimum fraverse positions for each
axis, referenced to the machine datum,

Fig. 10.6: Orienting traverse limits to workpiece size

Working without additional traverse limits

To allow a machine axis to use its full range of traverse in an axis, enter
the maximum traverse of the TNC {+/~ 89953.999 mm} as the AXIS LIMIT.

To find and enter the maximum traverse:

Set the POSITION DISPLAY meod function to REF.

4

[ Move the spindle to the positive and negative end positions of the X, Y and Z axes.

I N L__/ N

.
[ Write down the values, including the zlgebraic sign.
) .

ﬁ Select the MOD functions.

A v A
[ AXIS Enter the values that you wrote down as LIMITS in the ]

LIMIT corresponding axes.
) -~ .
[ Exit the MOD functions,

END

Datum display

The values shown at the lower left of the screen are the manually set
datums referenced to the machine datum. They cannot be changed in the
menu.

TNC 425/TNC 415 B/TNC 407 16-11
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MOD Functions

10.11 HELP files

Help files are a way to find information guickly that you would otherwise
have to search for in a manual. Heip files can aid you in situations in which
you need clear instructions before you can continue (for example, to
retract the tool after an interruption in power). The miscellaneous func-
tions may also be explained in a help file.

Heip files are not provided on every machine. Your machine tool buiider
can provide you with further information on this feature.

To call help files:

[ ﬁ Select the MOD functions.
— g
Call the last active HELP file.
HELP
~
If desired Iyl Cali other HELP files.
PROSRAMMING AND EDITING :ﬁﬁg?’:isg

#6001 CHRIN FORUWARD
#0882 CHRIN BACKWARD

BOMMANDS FOR THE TOGL CHANGER

CEND]
ACTL. +25,3684 Y -250,3680
2 -2%.86880 B +331.,B888
c +12,5@888
T 8 M 5/8
HOVE HOVE PAGE PRGE BEGEN END
T ke 4 TEXT TEXT Fine

Fig. 10.7 HELP file in a machine operating mode

1012
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Tables, Overviews and Diagrams

11.1 General User Parameters

1
gieciing gen

General user parameters are machine parameters affecting TNC settings
that the user may want 1o change in accordance with his requirements.

Some examples of user parameters are:

Dialog language
Interface behavior
Traversing speeds
Sequence of machining
Effect of overrides

Machme parameters can be programmed as
Decimat numbers:
Enter only the number.

* Pure binary numbers:
Enter & percent sign {%) before the number.

+ Hexadecimal numbers:
Enter a dollar sign {3} before the number,

Example:
tnstead of the decimal number 27 you can enter the binary number
% 11011 or the hexadecimal number $1B.

The individual machine parameters can be entered in the different number

systems.

eneral users parameters are selected with code number 123 in the MOD
functions.

11-2
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11.1 General User Parameters

Parameters for external data transfer

Integrating TNC interfaces EXT1 {5020.0) and EXTZ (5020.1) tc an external device:
data format and transmission stop

Input vaiue: 0 to 255
The input value is the sum of the individual values in the “Value” column.

MP 5020...

Function Cases Value

+ Number of data bits 7 data bits {ASCIl code, 8thbit = parity) ..., +0
8 data bits (ASCI code, Sth bit = parity) ..o, +1

* Block Check Character BCC ANy BCO e 0
BCC control character not permitte ... oo +2

* Transmission stop through RTS ACTIVE it e et +4
INBOUVE Lo s st D)

* Transmission stop through DC3 ACTIVE oottt sttt et s en e 5
INBETIVE e st +0

» Character parity BV ettt e eaean e D)

* Character parity th BESITE ot veees e eeens e eenannns 0
DeSITBA 1ot 432

¢ Number of stop bits T, SIOP BItS .o e +0
2 BIOP DSt e saanes +64
T S0P Bl e aneeneee + 128
T SOP Bt e, 4102

Example

Use the foliowing setting to adjust the TNC interface EXT2 (MP 5020.1) to
an external non-HEIDENHAIN device:

8 data bits, any BCC, transmission stop through DC3, even character
parity, character parity desired, 2 stop bits

Input value: 1+0+8+0+32+84 = 105 (entry value for MP 5020.1)

TNC 425/TNC 415 B/TNC 407 13



11 Tables, Overviews and Diagrams

11.1 General User Parameters

Interface type for EXT1 (5030.0) and EXT2 (5030.1):

MP 5030. ...
Function l Cases Value
s Interface type ) = plor= s IR U OO OTO R ¢
Interface for blockwise 1ransfer (oo reesereesssreeenns 1

Define the control character for external data transfer

Machine parameters MP 5200 w0 MP 5210 define ASCil characters as
control characters for external data transfer.
Assignment to the interfaces:

EXT1 MP extension .0
EXT2 MP extension .1

Input values: ASCII characters 0 to 127

ASCI character for - MP : - Value
* Start transmission (STX) 5200 ... ASCIL character
¢ End transmission (ETX) 5201
¢ Data input {ist character) H 5202
* Data input {2nd character) E 5203
* Data output (1st character) H 5204
* Data output (2nd character} A 5205
* Start of heading (SOH) 5206
* End of transmission block (ETB} 5207
. ‘Poéitive acknowiedgement (ACK) 5208
* Negative acknowledgement (NAK) - 5209
* End of transmission {EOT) 5210 ..coecerrrrrne ASCH character

11-4 ' TNC 425/TNC 415 B/TNC 407
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11.1 General User Parameters

Parameters for 3D touch probes

Signal transmission for touch probe .

MP 6070
Function Vaiue
% A B IS IS SION <ottt ettt ee et eee et ee e rer et ate s e s s eeee e e e 0
®  INFrared TraNSMUSSION ......oiieiieiie e etetee et ee e ceesesnseen s v ses oot sasa s omsrememeeres e s sesmenemenmseanenenene e |
Traversing behavior of touch probe
Parameter Function Value
MP 6120 Probing feed rate {in mmi/min} ... e B0 10 3000
MP 6130 Maximurn traverse to the first probe point {mm}......cceveviveeeeee.... 10 99 999.999
MP 6140 Safety clearance to probing point
during automatic measurement (Mm) .....c.ccovevvrevviesencnennen... 0 10 99 999.999
MP 6150 Rapid traverse for probing (Mmm/mind ..o 110 300 000
M function for 180° rotation of the 3D touch probe
The center misalignment of the stylus is compensated with a rotation.
The machine tool builder sets the number of the M function that starts the
rotation.
MP 6160
Function Value

e M fUnCtion CtiVe ..o

reereernnenenee. 1 10 88

® M FURCHON INBCTIVE <..eoee ettt ea et et bttt ee b e e eeeemie e earee o D

Reserved machine parameters

The following machine parameters are assigned functions for the

HEIDENHAIN measuring touch probe. A description of these functions will

be released at some point in the future.
MP Value
MP 6300 .. 0.1000 to 3.0000
BVIP BT ...t ettt bttt ettt sttt s bt ee bt tmame et e e e n e ent 2 amsensse et eenenannenennnsensnaens 0.100 to 10.000
MP 6320 verrnrrerena, Q107
PP BIB0 ... ettt ettt s st ettt s s bbb r bt et s re st 0.1000C to 4.0000
MP 6340 .. 0.0001 to 0.5000
MP 6350 e, 80 10 3000
MP 6360 wereeeenenee 80 10 3000
PP B370 ...ttt e e et e ae e e et ma e st _ 0.0000 to 10.0000
BVIP B38U ...ttt e e et rt e et ee e e eeme e e e et r e et et ar s st e e s e s e e eraeat saeaemeesees 0.000 t0 10.000

TNC 425/TNC 415 B/T NC 407 115
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11.1 General User Parameters

Parameters for TNC displays and the editor
Programming station
MP 7210

Function o Value
I N O oI o o= ToT s 1 o T S U PP PO TUUN P
* TNC as programming station with active PLC .ot e e ere e e 1

s TNC as programming station with inactive PLC ... acse e s 2

Automatic acknowledgment of POWER INTERRUPTED message
MP 7212

Function Value
o Acknowledge power iNErrupLion WILH KBY ..o eeveniimis et snaae s cren s sne s ss s sessessmmensnssrrssenes 0

« Power interruption auicmatically acknowledged ... e e e 1

Block number increment for ISO programming
MP 7220

Function Value

® BloCK MUIMIDET INCIBITIBML .o iecire e s ternrrssraaeemverarsestssssecrersessssseesenreesssssesssssnecrrsnessasssrssnsnseeeeees O 10 1D0

Length of file names
MP 7222

Function Value
Dl names With Mo B OB RO IS 1ottt e e e e e oo e e e e e se e emae e e e e ee st enae e st s b e nns s 0
¢ File names With MaximUI 12 CRar0 IS o v e rrresiris e o s erararsisteeeerrasrrasessasasmseses amsmssrerarmseasssnsasasaasresnns |

* File names with MaXIMUM 16 CRATACTETS «..ovve v eee et crrree s s iiseeere s s s s sabasanesremasnbees srmanrasensssannsseernnaes &

118 TNC 425/TNC 415 B/TNC 407
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~ Inhibiting file management for particular file types

Input value: 0 to 63 {sum of the individual values in the “Value” column).

If you de not wish to inhibit file management for a particular file type, use <=
the value C.

MP 7224.0

Inhibit file management for Value

® HEIDENHAIN PrOOIAIMIS oot iiiririiieerestaseeteesesiessssssssssasasssss s sesessrnsssssnsasssssasmseacesessnnsrssresnsesssasesrasasescass F 1

@ IS PIOGIEITIS .eiititeeeiiestestetrsemeeeoesemee et et e sbe a2t s semee e emeemeemmeseeea2hes o besaeeehsetsantssnarneessm e rbasentebaen b snbeererns sanaas +2

O Pallet 1ADIES ...t e e e em e e teen e s st e et aeseasna e aesnsesanseasreres B 10

T A EIL

. o L
L= 1= T A= T

L

inhibiting the 7editor for certain file types
Input value: O to B3 (sum of the individual values in the “Value” column).

If you do nat wish to inhibit the editor for a particular file type, use the
value 0.

MP 7224.1

Inhibit editor for ~ Value
® HEIDENHAN DIOGIEMS woeetimiitrierrreecsmere e sreme se s e emt sea e rease st s sest e maseassseaseasnssasaseoaesssemsasensemen e seseesmsnsesensains +1

.
n
O
o
=L
[(e]
-
7
+
~

© TEXUHES oo $ 32
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11.1 General User Parameters

Activating tables

If you do not want to activate any tables, enter 0

Parameter Function Value
+ MP 7226.0 Nurnber of pallets per pallet file ............. .. 010255
o MP 72261 Number of datums per datum table ... e s 0 to 255
* MP 7260 Number of 100ls per tool taIE ...t 0to 254
* MP 7261 Number &f pockets per pocke11able ..o Q10254
Making a tool and pocket table
Tool name — NAME: MP 7266.0 Toot number - T: MP 7267.0
Tool length - L: MP 7266.1 Special tool - ST: MP 7267.1
Tool radius - R: MP 7266.2 Fixed pocket - F: MP 7267.2
Tool radius - R2 MP 7286.3 Pocket iocked — L: MP 7267.3
Oversize length - DL MP 7266.4 PLC - Status - PLC: MP 7267.4
Oversize radius — DR: MP 7266.5 '
Oversize radius 2 - DR2Z: P 7266.6
Tool locked — TL: MP 7266.7
Replacement tool — RT: MP 7266.8
Maximum tool life — TIME1: MP 7266.9
Maximum tool life for TOCL CALL - TIMEZ: MP 7266.10
Current tool age — CUR. TIME: MP 7266.11
Tool comment - DOC: MP 7266.12
Function Value
¢ Column number of the data in the 100 18DIE . e eearar g nene e 11013
¢ Column number of the data in the packet table .. e eerane s 1105
* Do ot show data N the F8DLE ...e.ee e ettt e eeeeer e s s st ensseeeenmeeetesssverarnsarancs O

11-8
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ral Liger Parameters
ser Farameters

=L

Diaiog fanguage
MP 7230

Function

LN F- i lo ot [l ol [N o OSSOSO us RO RO UUU PSP TR

LI T [ o T = s o | O VOOV OO U T U U OO SRR PUUOO UV

Protect OEM cycles

This perameter prevents the editing of any program whose name is the
number of a machine manufacturer cycle (OEM cycle).

MP 7240

Function

® ProteCl OEM OYleS (et it st e e e s e T e r bR eu s b e e ab s e bR e e e eh et ba e

® DO NOT PIOLECT GEM CYCIES v veerreeeve oo eeeeeeeeeeeeeeses s eeeeeeseseeeeseeeeeeesemes e seeeneseeaees et s eratn e eeemoeeen

Value

Feed rate display in the MANUAL OPERATION mode of operation
MP 7270

Function

» Display “F=0" if one axis direction button is pressed;

Display “F" {without value) if more than one axis direction bution is pressed ...

» Display the feed rate of the slowest axis, regardiess of the number of axis direction keys pressed ............ i

Value

Decimal character
MP 7280

Function

Function

+ Display the position of the 100! datum ..o,

+ Display the position of the 100l TaCe ..o

Value

TNC 425/TNC 415 B/TNC 407
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11.1

General User Parameters

Display steps for coordinate axes

X axis: MP 7290.0
Y axis: MP 7290.1
Z axis: MP 7290.2
IV axis: MP 7290.3
V axis: MP 7290.4

MP 7290

Function Value
¢ DiSPIAY STEP 0.7 MM ettt ettt eee e e en st e sama s st st senaeeee e senaseneeteseseneesremnnemnmsnenes O
® DISPIAY STEP D.05 ITIT oottt a et st sa st cbe e e emeesemse s meeeesssas st e em s mesemnse s seeesvamesnenneesesrasreessoearans 1
® DSPIEY STED 0.0 M ettt e e e e a et aeerer e ar e s as e bt e s s a e et e st s et s me et b e et st e asits 2
® DHSPIAY SEEP 0005 MM oottt e en e e ene et e ss s e e teneensnsane s e sanesaesaesreassensrrnares O
* Display 58P 0.007 ITIME oottt ettt en s soaa e sae b et s eeemset s ebes s eeaenesnsene s enrneae 4

................................................. 5

* Display step 0.0005 MM oot e

e Display step 0.0007 MM {TNC 425 ONIY) ..o e et et ee e ee e e v eeseeeraneearasesamnsseasermaneerneans

Inhibit datum setting

Input value: 0 to 31 (sum of values in the "Value” column}.

If you do not want to inhibit a given axis for datum setting, the value for
that axis is 0:

If datum setting is inhibited for all axes, the TNC removes the DATUM
SET soft key in the MANUAL OPERATION rmode.

MP 7295
Function Value
I QU SO TG 0T X BXIS e et e et e e e s rabes et s tasaateesanrmsearsbesrennssns +1
INhIDIt dBTUM SETHNG FOF Y BXIS ..o e ittt e e te et cre s e saere s s e sseetesessasasrnesns eaneesesebennssnsessanes +2
INHIDIE QATUM SETHNG fOT Z BXIS . .oeoeceecii e ieiir e eree e e srar e e s e eecee e eame e st sas e s maeaensesssianmese st esaaannsaeanammananetns +4
Inhibit datum SEHNG FOT XIS IV ettt e e eve e sae e e e s e e ns st e e eemnaaseeanaans +8
Inhibit datum SEHNG FOT AXIS V e e v vreretieestns s tee et emes semessn s eesamnessenaseeesaeensetsessssssnsassennsses T 1D
MP 7296
Function Value
Set datum only with soft key e 1
SET
Set datum with soft key DATUM ,
orwith orange axis KBY | 7 L e et a e s e s e e e 0
SET
11-10 TNC 425/TNC 415 B/TNC 407
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11.1 General User Parameters

Erase the status display, Q parameters and tool data after program run

The status display and the Q parameters can be erased at the end of the
program with a PGM END block, M2 or M30.

MP 7300
Function Value
* Erase status display, Q parameters and o0l data when & program is SeleCted ..o iee e 0
¢ Erase status display, Q parameters and tool data with M02, M30, END PGM
and when a program is selected .. . . eemeaen . ferteaeneeaanns |
* Erase status display and tool data when 2 program is SEIECIEA «..vvveweeeveeeeeeee oo 2
* FErase status display and tool data when a program is selected and with
M0z, M30, and END PGM .. .3
» Erase status display and Q parameters when & program is Selected .. .. o.oveeoeeeeeeeoeeoeeeooesooo
* Erase staius display, Q parameters and tocl data with M02, M30, END PGM
and when & program is selected .. eeveeene et e e tean e tne e ene e eens .5
* Erase status display when & program is SEleCted ..ot B
* ECrase status display with M02, M30, END PGM and when a program is selected oo 7
Graphic display mode
Input value: 0 to 15 (sum of values in the "Value” column)
MP 7310
Function Cases Value
* Projection in three planes Projection Method 1 ..ot eee e esn e 0
according to iSO 6433 , Projection method 2 ...._.. ]
+ Hotate coordinate systern by 90° B OB < et e ettt et ea e eaan e e et nanns D
DO N0t TOIEIE .ottt e +0
* Shift the new BLK FORM Shift .. .}
with cycle 7 DATUM SHIFT Do not shif:... .. +0
{see page 8 ...)
* Show cursor position during Show +8
"projection in 3 planes™ mode DO ROTShOW ..o eeeeanene +0)
Graphic simulation without programmed tool axis
Enter any realistic value
Parameter Function Value
* MP7315 Tool radius +0
« MP7316 Penetration depth from upper surface of blank form ..ol +2
e MP7317.0 M function for starting graphic SImUIBHON ... e+
* MP7317.1 M function for ending graphic Simulation ..o e, +8
TNC 425/TNC 415 B/TNC 407 -1
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11.1 General User Parameters

Parameters for machining and program run

Oriented spindle stop with cycle G85

MP 7160
Function Value
* Spindle orientation at beginning of cycle G85......... et ee e et et e aie e een et an ettt ern e e enees 0
* No spindle orientation at beginning of CYEle GBE .o 1

Size of NC memory for blockwise transfer

MP 7228
Function Value
e MP7228.0 Minimum memory range {SECIOMS) v e nnte s ressesrrncsnensnsvessnensseeees E= 1024
* MP7228.1 Maximum mMEemory T8NGE (SBCIOIS) ..o o rrer s reecre e s cemeeeesb st bem b e caeeeaensrarnaes 1-1024
One sector is approximately 1 kilobyte.

Effect of cycle G72 SCALING FACTOR :

MP 7410
Function Value
® SCALING @FfEOIVE I 3 BXES vvn oo res e osesceeene s i e sas sss e sens et ssseeses s b as e bbb b st ns st ns s e 0

* SCALING effective in the working PIENE ...t a e s ea e e

Tool compensation data in the TOUCH PROBE block
MP 7411 '

Function

* Current tool data are overwritten by the calibrated data from the touch probe system. . e

o CUMENT 100! TBLE T8 TOIAINEH . ... rreieeiriertetessssssiaeeemmrreereiastssessantes s ssessasssmseesmsetaeaabmresaesaransaseesrasnesansssseansns

Value

11-12
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11.1 Generzal User Parameters

Behavior of machining cycles

This general user parameter sffects the pocket milling technique.
Input vaiue: 0 1o 15 (sum of the individual vaiugs in the “Value” column).

MP 7420
Function Cases Value
* Direction for milling a channel Clockwise for pockets, counterclockwise for islands ... +1
arcund the contour Counterclockwise for pockets, clockwise for islands .................. +0
* Seguence of roughing-out First mill the channel, then rough-out the pocket..........ooooovvene +Q
and channel milling First rough-out the pocket, then mill the channel..........c............. +2
« Combining contours ‘Combing COMPENSEtEd CONLOUTS - rrvrvve oo +0
Combine uncompensated CONTOULS ..o ieriiieiemeee e e +4
+ Milling in depth Mill the channel and rough-out for each infeed depth
- "~ before continuingto the nextdepth ... +8
----Complete one process for all infeeds before switching
10 TNE OB PrOCESS ettt et et ee s e s b +0
Overlap factor for pocket milling
Amount of overlap for pocket milling:
Product of MP 7430 and the tool radius
MP 7430
Function . Value
* Overlap factor for POCKEES ....cccviveee e raerees e e rernee e e ve s srnsee e sasncsensnssnesnnssmennensennneeees 021 10 1414

Circular path tolerance

This parameter sets the distance by which a programmed end point can
be removed from the path of a perfect circle.

MP 7431
Function Value
* Circular path 10erance (MIM) ..o esmressesnesseneennenens 00001 10 0.016

TNC 425/TNC 415.B/TNC 407 11-13
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11.1 General User Parameters

Behavior of M functions

Input value: 0 to 31 {surn of the vaiues in the “Value" column)

MP 7440

Function Cases Value
* Programmable stop with M6 PrOgram STOD .o ee st nees e ess s b +0
NO Program STOP cceeieivicvieresiissie s cveeserssassnre e e ssvasssrasaseeeneennes 1

¢ Modal cycle call at end Cycle Call .ot F2
of block through M88 NG CYCIE CBIL et eeee e eveseneaennns )

* Program stop with M functions Program stop +0
NO PrOGIam SO oot ecciir e es e e s s e s e s st ae e s mneeesea e +4

s Switching the Kv factor Kv factor can be switched ..o +8
through M105 and M1G6 Kv factor cannot be switched ..o #0

¢+ Reduce the feed rate in the FUNCHON NOt BIFECTIVE ....v i +0
toot axis with M103 F... Function effective ... +16

. Safety limit for machining corners at a constant feed rate

A corner whose angle is less than the entered value will be machined at a
reduced feed rate if radius compensation is RO or i the angle is at an

inside corner.

This feature does not work during operation with servo lag or feed precon-

trol.
Fig. 11.1:  Sharpest permissible angle for
constant contouring speed
MP 7460
Function Value

+ Constant feed rate in corners for inside angles {in degrees) ...l

ceereereenens 0.0000 to 179.9999

11-14
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11.1 General User Parameters

Coordinate system for datums from a datum table

MFP 7475
Function Vaiue
* Datums from a tsble are referenced 10 the WOrKPIECE JATUM ... ittt bbbt o]
s Datums from a table are referenced 10 the MAECHINE ABIUM .. es st aa e sranees 1

Parameters for the electronic handwheel
Setting the TNC for handwheel operation

Input value: 010 5

MP 7640
Function Value
* No handwheei .. eteereessessesimeesmeinseessenseesnresnssaneesnnennessasessessnnees O
+ HR 330 with addltlonal keys the handwheel keys 1Pcrr traverse
direction and rapid traverse are evaluated by the NC ... e e 1
+ HR 130 without additional keys ... e eetteetereteiestesieesesserarserrteernerasaneeeateeaan e nnnees D
* HR 330 with additional keys — the keys for traverse dlrectton
and rapid traverse are evaluated by the PLE .o s 3
s HR 332 with twelve additionNal KEYS ..o eeoi e cireec e r e cce e re bt e bbb s ms s n s s ba s rm e e e s et ne e 4
¢ Fixed-axis handwheels with a0ditional KEYS .o e e eeicereer e v e et ce et e e ene e re st e s s atas st arnssrnssnneves 5
Interpolation factor
MPFP 7641
Function Value
Interpolation factor is entered at the KeybOaNd ... 0
Interpoiation Tactor is S8L by 1he PLE Lot 1

TNC 425/TNC 415 B/TNC 407
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11.1 General User Parameters

Initializing the handwheel

This machine parameter reserves 8 bytes for initializing 2 handwheel.
input value: 0 to 258

MP 7645.x (MP 7645.0 to MP 7645.7)

Function

The machine-tool builder sets the functions of the individual machine parameters for the handwheel.
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11.2 Miscellaneous Functions (M Functions)

Miscellaneous functions with predetermined effect

Function Effective at
Start of | End of
block block
MO0 Stop program run/spindle STOP/eoolant OFF .
Mo2 Stop program run/spindle STOP/cooiant OFF/ciear status display {depending on .
machine parameter}/go to block 1
Moz Spindie ON clockwise .
Mo4 Spindle ON counterclockwise .
MO05 Spindie STOP .
Moe Tool changefstop program run (depending on machine parameter)/ .
Spindle STOP
M08 Coolant ON .
M09 Coolant OFF .
M13 Spindle ON clockwise/coolant ON .
M14 Spindle ON counterciockwise/ceolant ON .
M30 Same as MQO2 .
Ma9 Vacant miscellaneous function .
— or
Cycle call, modally effective {depending on machine parameter) .
M30 Constant contouring speed at corners (effective only in lag mode) .
M1 Within the positioning block: Coordinates are referenced to machine datum .
M9a2 Within the positioning block: Coordinates are referenced to position defined .
by machine buitder, such as tool change position
V193 Reserved b
Mo4 Reduce display of rotary axis to value less than 360° .
M35 Reserved .
M96 Reserved .
mMa? Machine small contour steps .
nMos Completely machine open contours .
Mas Blockwise cycle call - .
M101 Automatic tool change with sister 1ool . .
if maximum: tool life has expired
M102 Reset M101
M103 Reduce feed rate during plunging to factor F (percentage) .
M105 Machining with first Kv factar .
V106 Machining with second Kvfactor .
M107 Suppress error message for sister tools with oversize .
M108 Reset M107 .
M109 Constant contouring speed at tool cutting edge on circular arcs (increase and .
decrease feed rate}
M110 Constant contouring speed at circular arcs (feed rate decrease only) .
M111 Reset M109/M10 .
M112 Autematic insertion of rounding arcs at non-tangential straight-line transitions; ‘.
Enter tolerance T for contour devigtion
M113 Reset M112 .
M114 Automatic compensation of machine geornetry during operation with tilting R
axes
M115 Reset M114 .
M116 Feed rate for angular axes in mm/min .
M118 Superimpose handwheel positioning during program run ‘.
{Eﬂ? ‘l?ne masoeilianeous fUﬂCthﬂS M08 afid 106 are deﬁneci ard enabled by the machme buider: e L
Please contact your machzne butlder for- more_mfo‘ a‘aon I : R Lo

TNC 425/TNC 415 BfTNC 407
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11.2 Miscellaneous {M) Functions

Vacant miscellaneous functions
The vacant miscellaneous functions are used by the machine tool builder
for machine-specific functions. You will find a description of these func-
tions in the operating manual for your machine tool.

Effect of vacant miscellaneous functions

Function Effective at Function Effective at
start of |end of start of {end of
block [block block iblock
MO01 . M50 .
Mo7 . M51 .
M10 . M52 .
M1 . M53 .
M12 . M54 .
M15 - M55 - |
M16 . M56 .
M17 . M57 .
M1is8 . M58 .
M19 . M59 -
M20 * M60 .
M21 . M61 .
M22 » M62 .
M23 . Me63 .
M24 . Mé64 -
M25 . M65 .
M26 . M66 .
M27 . M67 .
M28 . Ms68 .
M29 . M69 .
M31 . M70 .
M32 . M71 .
M32 . mM72 .
M34 . M73 .
M35 . M74- .
M36 . M75 .
M37 . M76 . .
- M38 . M77 .
M39 ) . mM78 .
M40 . M79 .
M41 . M30 .
M42 . M81 .
M43 . Ms2 .
Ma4 . mMms3 .
M45 . Ms4 .
M46 . M85 .
M47 . M386 .
M48 - Mg7 .
M49 . Mses .
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11.3 Preassigned Q Parameters

Q100 to Q113 are assigned values by the TNC. These values include:

* Vaiues from the PLC
* Tool and spindle data
+ Data on cperating status, etc.

Values from the PLC: Q100 to Q107

The TNC uses Q100 to Q107 1o transfer values from the PLC to an NC

program.

Tool radius; Q108

The current value of the tool radius is assigned to Q108.

Tool axis: Q109

The value of Q109 depends on the current tool axis.

Tool axis Parameter value
No tool axis defined Q109 = -1
Z axis Q108 = 2
Y axis Q1098 = 1
X axis _ Q109 = O

Spindle status: Q110

The value of Q110 depends on which M function was last prograrnmed.

M function : Parameter value
Nao spindle status defined Q110 = -1
MQ3: Spindie ON, clockwise Q110 = ¢
M04: Spindle ON, counterclockwise Q110 = 1
MO5 after MOS3 1 Q110 = 2
MO5 after M04 Q110 = 3

Coolant on/off: Q111

M function Parameter vaiue
M08: Coolant on : Q111 = 1
MOQS: Coolant off Q111 = 0

TNC 425/TNC 415 B/TNC 407
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11.3 Preassigned Q Parameters

Overlap factor: Q112
The overlap factor for pocket milling (MP 7430} is assigned to Q112.

Unit of measurement for dimensions in the part program: Q113

The vaiue of parameter Q113 specifies whether the highest-level NC
program {for nesting with PGM CALL} is programmed in millimeters or
inches.

Dimensions of the main program Pararmeter value
Metric system {mm) Q113 = 0
Inch system Q113 = 1

Tool length: 114
The current value for the tool length is assigned to Q114.

Coordinates after probing during program run

Q115 to Q119 contain the coordinates of the spindie position at the
moment of contact during a programmed measurement with the 3D touch
probe. The length and radius of the probe tip are not compensated in
these ceoordinates.

Coordinate axis Parameter
X axis Q115
Y axis Q116
Z axis Q117
IVth axis . Q118
Vth axis Q119

11-20
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11.4 Diagrams for Machining

Spindie speed S

The spindle speed S ¢an be calculated from the tool radius R and the
cutting speed Vas follows:

=Y
S = 2zR
Units:

S in mm
V o in m/min
R in mm

You can either read the spindle speed directly off the diagram below or
calculate it with the above formula.

Example:

Tool radius R = 15mm '

Cutting velocity V = 50 my/min .
Spindle speed S = B00rpm

(calculated 5 = 530 rpm)

Toof radius
AR{mm]

¥ e e 13
T I e A ) e 2
TS Tt s T Lk ae
S )

R RS

e L S
e e e
St S =

T T e Natr .

e

Sy

et

Cutting velocity
) V {my/min]
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11.4 Diagrams for Machining

Feed rate F

The feed rate of the 100l Fis calculated from the number of tool teeth n,
the permissible depth of cut per tooth d and the spindle speed S:

F=n-d-§
Units:

F in mm/min
d in mm

S in mpm

The feed rate that is read from the diagram must be muttiplied by the
number of tool teeth.

Example:

Depth of cut per tooth d = 0.7mm

Spindle speed S = 500mm )
Feed rate from diagram F = 50 mm/min

Number of 100l teeth n =86

Feed rate to enter F = 300 mm/min

Depth of cut per tooth
dimm]

Spindle speed
. S (rpm]

197 TNC 425/TNC 415 B/TNC 407
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11.4 Diagrams for Machining

Feed rate for tapping F

The feed rate for tapping Fis calculated from the thread pitch p and the
spindle speed &:

F=p3S
Units:

F in  mm/min
p in mm/l
S in 1/mm

The feed rate for tapping can be read directly from the diagram below.

Exampie:

Thread pitch p = 1mmfrev
Spindle speed S = 100 mpm
Feed rate for tapping F = 100 mm/min

Thread pitch
p Immfrev]

et

ety & 2
e
oot et e
A RS e e

Spindle speed
Sirpmi
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11.5 Features, Specifications and Accessories

Description

Contouring control for machines with up to five axes. Features
digital speed control and oriented spindle stop.

Components
Logic unit, keyboard, color VDU with soft keys

Data interfaces

R$-232-C / V.24
RS-422 / V.11

Expanded data interface with LSV/2 -protocol for remote operation
of the TNC through the data mterface with HEIDENHAIN software
TNC REMQTE.

Simultaneous axis control for contour elements

+ Straight lines: up to 5 axes
{TNC 407: 3 axes; N
export versions TNC 415 F and TNC 425 E: 4 axes)

* Circles: up 1o 3 axes {with tilted working plane}

* Helices: 3 axes

Background programming

One part program can be edited while the TNC runs another program
(TNC 407: without graphics).

Graphics

* interactive programming graphics
* Test run graphics
» Simultaneous program run graphics (not with TNC 407)

Fiie types
+ HEIDENHAIN conversational and 1SO prograrnmmg

e Tool tables, datum tables, pallet files
* Text and system files

Program memory

* Battery-buffered for up to 100 files
¢ (Capacity 256K bytes (TNC 407: 128K bytes)

Tool definitions
¢ Up to 254 tools in the program or in tables

“Look Ahead”

» Defined rounding of discontinuous contour transitions [such as for 3D

surfaces)
« Coliision prevention with the St cy¢le for open contours
¢ Geometry pre-calcuiation for feed rate adaptation

11-24
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11.5 Features, Specifications and Accessories

Programmable functions

Contour elements

Straight ine, chamfer, circular arc, circte center, circle radius, tangentially
connecting circular arc, cormner rounding, straight lines and circular.arcs for
approaching and depariing contours

Free contour programining

For all contour elements not dimensioned for conventional NC
programming

Three-dimensional radius compensation {not TNC 407}

For changing tool data without having to recalculate the part program

Program jumps

Subprograms, program section repeats, main program as subprogram

Fixed cycles

Peck drilling, tapping (also with synchronized spindle}, thread cLting,
rectangular and circular pocket milling, slot milling, milling pockets from &
iist of subcontour elements, cyiindrical surface interpolation

Coordinate transformations

Datum shift, mirroring, rotation, scaling factor, tiiting the working plane
{not TNC 407)

3D touch probe applications

Touch probe functions for setting datums and for digitizing 3D surfaces
{optional)

Mathematical functions

Basic operations +, — X, +

Trigonometric functions sing, cosine, tangent, arc sine, arc cosine, arc tangent

Square root of values (¥a } and root sum of squares { Va? + 69
Squaring (SQ)

Square roots (A)

Negation (NEG)

Forming an absolute number (ABS)

Forming an integer {INT)

Dropping the values before the decimal point (FRAC)
Comparisons (greater than/less thanfequal to/not equal to}

TNC 425/TNC 415 BfTNC 407
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TNC Specifications

Block execution time

Control loop cycle time

Data transfer rate

Ambient temperature
Traverse range

Traversing speed

Spindie speed

input range

4 ms/bilock
TNC 407: 28 ms/block

TNC 425 Contouring interpolation :3 ms

Fine interpolation : 0.6 ms (speed)
TNC 415 B Contouring interpolation " :3 ms

Fine interpolation - 0.6 ms {contour)
TNC 497 6ms

Max. 38 400 baud

Operation: 0° 10 45° C (32° to 113° F)
Storage: —30° to 70° C (-22° to 158° F}

Max. = 100 m (x 2540 in.)

TNC 425: max. 300 m/min {11 810 ipm}
TNC 415 B: max, 30 m/min (1181 ipm}
TNC 407; max. 30 m/min (1181 ipm)

Max. 99 998 rpm

Min. 0.1 pm (0.00001 in.) or 0.0001°
TNC 407, TNC 415 F, TNC 425 E: 1 pm
Max. 99 999.999 mm (3937 in.)

or 99 999.999°

11-26
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11.5 Features, Specifications and Accessories

Accessories
FE 401 floppy disk unit

Description Portable bench-top unit
Applications All TNC contouring controls
as well as TNC 131, TNC 138
Data interfaces Two RS-232-C/V.24 interfaces
Data transfer rate s TNC: 2400 to 38 400 baud

* PRT: 110 to 9600 baud

Disk drives Separate drive for copying,
capacity 795 kilobytes (approx.
25 000 blocks), up to 256 files

Diskettes 3.5°DSDD, 135 TR

Triggering 3D touch probes

Description Touch probe system with ruby tip
and stylus with rated break point,
standard shank for spindle insertion

Models TS 120: Transmission via cable,
integrated interface

TS 511: Infrared transmission,
separate transmitting
and receiving units

Spindle insertion TS 120: manual
TS 511: automatic
Probing repeatahiiity Better than 1 pm {0.000 04 in.}
Probing speed Max. 3 m/min {118 ipm)
Electronic handwheels
HR 130 ¢ For panel mounting
HR 150 * Fixed-axis handwheel for the
" HRA 110 adapter
HR 330 * Portable version with cable

transmission.

includes axis address keys,
rapid traverse key, safety
switch, emergency stop button.

TNC 425/TNC 415 BfTNC 407 ' : 11-27



11

Tables, Overviews and Diagrams

11.6 TNC Error Messages

The TNC automatically generates error messages when it getects prob-
lems such as

s incorrect data input

* |ogical errors in the program

s Contour elements that are impossible to machine

* Incorrect use of the touch probe system

An error message containing a program block number was caused by an
error in the indicated block or in the preceding block. To clear 2 TNC error
message, first correct the error and then press the CE key.

Some of the more frequent TNC error messages are explained in the
following list.

TNC error messages during programming

[ ENTRY VALUEINCORRECT

* Enter a correct LBL number
* Note the input imits

[- EXT. IN-/QUTPUT NOT READY

Connect the externai device properly.

[thrm' PROGRAM ENTRY IMPOSSIBLE . .

Erase some oid files to make room for new ones.

[ JUMP TO LABEL 0 NOT PERMITTED  ~ *

Do not program CALL LBL 0.

[ LABEL NUMBER ALLOCATED

A given label number can only be entered once in a program.

1128
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TNC error messages during test run and program run

hmmmmmmmmmcg-ffif'  o T 'j

+ Complete your definition of the arc and its end points.
» If you enter polar coordinates, define the polar coordinate angle correctly.

[mmmmmmmmnm_:-éi;;;- N o -J

You have calculated with illegal values.

» Define values within the range limits
» Choose probe positions for the 3D touch prabe that are farther apart
* All calculations must be mathematically possibie

| AXISDOUBLEPROGRAMMED . - -

Each axis can have only one vaiue for position coordinates.

[mxmmdmmmmmmmmpgq5;,g,;.;z,g;u_;aj.a ]

* Program the MIN and MAX points according to the instructions.
* (Choose a ratio of sides that is less than 200:1.

[ﬁmmmﬂnmmmmn,

A chamfer biock must be located between two straight line blocks with identical radius compensation.

+ Define a circle center with {,J (JX, IK).
+ Define a pole with |,.J (JK, 1K),

[amwmmmmewm R S - S -rJ

Enter complete information for connecting arc.
Enter end points that lie on the circular path.

L N

CYCLINCOMPLETE . - . '?ﬂ} ,‘_:]

Ty

Define the cycles with all datz in the proper sequence.
Do not call the coordinate transformation cycles.
Define a cycie before calling it.

Enter a pecking depth other than (.

. 8 8 8
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11.6 TNC Error Messages

(EXCESSI. VE SUBPROGRAMMIN G T e J

Conclude subprograms with G938 LO. -
Program Ln,0 for subprogram calls.

Program Ln,m for program section repeats.

Subprograms cannot calf themselves.

Subprograms cannot be nested in more than eight levels.

Main programs cannot be nested as subprograms in more than four levels.

» Enter feed rate for GO1 biock.

fGROSSPOSITIONINGERROR ol e A — }

The TNC monitors positions and movements. If the actual position deviates excessively from the nominal

- position, this blinking error message is displayed. You must switch off the control to correct the error.

[‘KE’Y'NON-FUNCH()NAL& T - e : ]

This message always appears when you press a key that is not needed for the current dialog.

(LABEL NUMBER NOT ALLOCATED . o . . J

Call only label numbers that have been set.

E‘IO EDITING OF RUNNING PROGRAM -

A program cannot be edited while it is being transmitied or executed.

F’ATH OFFSET WRONGLY ENDED - ' - - J

Do not cancel tool radius compensation in & block with a circular path,

N

[ PATH OFFSET WRONGLY STARTED

¢ Use the same radius compensation before and after a G24 and G25 block.
¢ Do not begin tool radius compensation in a block with a circular path.

11-30
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11.6 TNC Esror Messages

[_ PGMSECTION CANNOTBESHOWN -« ~ - -« o o oo ]

* Enter a smaller tool radius.
* 4D and 5D movements cannot be graphically simulated.
* Enter a tool axis for simulation that is the same as the axis in the definition of the workpiece blank.

[PLANEWRONGLYDEEM G - B - ]

¢ Do not change the tool axis while & basic rotation is active.
* Correctly define the main axes for circuiar arcs. -
* Define both main axes for I,.J (JK, IK}.

[ PROBE SYSTEM NOT READY S - ]

e Be sure the transmitting/receiving window of the TS 511 to the receiving unit.
e (heck whether the touch prebe is ready for operation.

[PROGRAM-STARTUNDEF!NED e ' . | ]

* Begin the program only with a G99 block.
* Do not resume an interrupted prograrn at a block with & tangential arc or if a previously defined pole is needed.
* Program the first block with axis motion with G00 G40 GS0.

[ RADIUS COMPENSATION UNDEFINED - J o J

Enter radius compensation G41 or G42 in the first subprogram for cycle G37 CONTGUR GEOMETRY.

[ ROUNDING OFF NOT PERMITTED = - ' . . - J

Enter 1angentially connecting arcs and rounding arcs correctly.

[ROUNDING RADIUS TOO.LARGE. .- ' L ]

Rounding arcs must fit between contour elements.
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11.6 TNC Error Messages

[ SELECTED BLOCK NOT ADDRESSED'

Before & test run or pragram run, you must enter GOTO Q.

Befare nrohing. ore-nositi
selore proding, pre-posniof

workpiece surface.

o=
0
"
"
¥
[
n
2
@
z
2
o}
.
[
=1
[
o
I+
+
P
o
a
2.
3

[ TOOL RADIUS TOO LARGE

Enter a tool radius that
* jies within the given limits )
= permits the contour elements to be calculated and machined.

Pre-position the 3D touch probe to a position nearer the model.

WRONG AXIS PROGRAMMED -

M e

Do not attempt to program locked axes.

Program a rectangular pocket or slot in the working piane.
Do not mirror rotary axes.

Enter a positive charmfer length.

. o 8 e Ty

[ WRONG RPM

Program a spindle speed within the permissiblé range.

[ -WRQNG SIGN PROGRAMMED -

Enter the correct sign for the cycle parameter.
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11.7 Address Letters (ISO)

G functions

Group ] Function
Positioning oo Straight line interpolation, Cartesian coordinates, rapid traverse
01 Straight line interpolation, Cartesian coordinates
02 Circuiar interpelation, Cartesian coordinates, clockwise
03 Circular interpolation, Cartesian coordinates, counterciockwise
05 Circular interpolation, Cartesian coordinates, no direction of rotation given
08 Circular interpolation, Cartesian coordinates, tangential contour transition
07 _Paraxial positioning block
10 Straight line interpolation, polar coordinates, rapid traverse
11 Straight line interpolation, polar cocrdinates
12 Circular interpolation, polar coordinates, clockwise
13 Circular interpolation, pelar coordinates, counterciockwise
15 Circular interpolation, polar coordinates, no direction ¢f rotation given
16 Circular interpolation, potar coordinates, tangential contour transition
Cycles 04 Dweli time
28 Mirror image
38 Criented spindle stop
37 Definition of the contour gecmetry
39 Program call, cvcle call with G79
53 Datum shift in datum table
54 Datum shift in program
56 Pitot drilling (in connection with G37) SLI
57 Rough-out (in connection with G37) SLI
58 Conteur rmiliing, clockwise {in connection with G37} SLI
59 Contour milling, counterclockwise (in connection with G373 SLI
72 Scaling factor
73 Rotation of the coordinate system
74 Slot milling
75 Rectangular pocket milling, clockwise
76 Rectangular pocket miliing, counterclockwise
77 Circular pocket milling, clockwise
78 Circular pocket milling, counterclockwise
83 Pecking
84 Tapping with floating tap holder
85 Rigid tapping
86 Thread cutting
120 Contour data
121 Pilot drilling (in connection with G37) SLI
122 Rough-out {in connection with G37) SLii
123 Floor finishing {in connection with G37) SLI
124 Side finishing (in connection with G37} SLII
125 Contour train {in connection with G37}
79 Cycle cali
Select working plane 17 Working plane: XY, tool axis: Z
18 Working piane: ZX, tool axis: Y
19 Working plane: YZ, tool axis: X
20 Tool axis: IV
Approach chamfer, 24 Chamfer with length R
rounding, 25 Corner rounding with R '
depart contour 26 Tangential contour approach with R
27 Tangential contour departure with R
29 Transfer the last nomina! position value as pole
Defire blank form 30 Blank form definition for graphics, MIN point
31 Blank form definition for graghics, MAX point
38 Stop program run
Tool path compensation 40 No tool radius compensaticn (RO)
41 Tool radius compensation, left of the contour (RL)
42 Tool radius compensation, right of the contour (RR)
43 Paraxial compensation, lengthening (R+)
44 Paraxial compensation, shortening (R-)
1B Next too] number (with central tool file)
85 Probing functicn
Unit of measurernent 70 inches {at start of program}
71 Mitlimeters (at start of program)
Dimensicning 80 Absolute dimensions
91 Incremental dimensions
98 Set label number
99 Tool definition

TNC 425/TNC 415 B/TNC 407
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11.7 Address Letters {ISO}

j

Function

R

Beginning of program or program call with G39

Rotary mation about the X axis
Rotary motion about the Y axis
Rotary motion about the Z axis

Pararneter definition {program parameter Q)

Feed rate
Dwell time with G04
Scaling factor with G72

Preparatory function

ITTrT || nmnm ([olome

Angle for polar coordinates in incremental/zbsolute dimensions

Rotational angle with G73

X coordinate of circle center/pole
Y coordinate of circle center/pole
Z coordinate of circle center/pole

Set iabel number with GG8
Go to iabel number
Tool length with G89

Miscellaneous function

zlg|lrrr| Re—

Block number

Cycle parameter in fixed cycles
Parameter in parameter definitions

Prograrn parameter/cycie parameter Q

Polar coordinate radius

Circie radius with G02/G03/G05
Rounding radius with G25/G26/G27
Chamfer with G24

Tool radius with G99

Spindle speed
Criented spindie stop with G36

Tool definition with G289
Tool call

Linear motion parailel to the X axis
Linear metion paraliel to the Y axis
Linear motion paraliei to the Z axis

N = §<C “d44 || xxIDIT| O] UU

X axis
Y axis
Z axis

*

End of block
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11.7 Address Letters (15O}

Parameter definitions

D Function

00 Assignment

01 Addition

0z Subtraction

03 Multiplication

04 Division

05 - Sguare root

ce Sine

07 Cosine

08 Root sum of squares (¢ =V a% + b?)
o If equal, jump

10 1f unequai, jump

11 If iarger, jump

12 if smaller, jump

13 Angle (angte from ¢ - sin & and ¢ - cos &)
14 Error number

15 Print

19 Assignment PLC marker

TNC 425/TNC 415 B/TNC 407
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Sequence of Program Steps
Milling an outside corner

Program step

Key/
Function

Section in manual

1 Open or select program
Entries: Program name
Unit of measurement in program
Blank form for graphic displays

2 Define tools
Entries: Tool number
Tool length
Tool radius

3 Call tool data
Entries:; Tool number
Spindle axis
Spindle speed

4 Tool change
Entries: Coordinates of tool change position
Radius compensation
Feed rate {rapid traverse)
Miscellaneous function (tool change)

5 Approach starting position
Entries: Coordinates of starting position
Radius compensation (G40}
Feed rate (rapid traverse)
Miscellanecus function (spindle ON clockwise}

6. Move tool axis to working depth

7 Approach contour
Entries: Coordinates of first contour point
Coordinate of (first) working depth
Radius compensation for machining
Machining feed rate

8 Machining to last contour point
Entries: Enter all required data for each contour
element

9 Depart contour
Entries: Coordinates of end position
Feed rate (rapid traverse)

10 Retract
Entries: Retract in the spindle axis
Miscellaneous function (spindle stop, return)

11 End of program

PG
NAME

(G99

GO0

G00/G40

GO0

- G01/G41/G42

G00/G40

GO0 MO2

4.4

42

42

e.g.54

5.2/5.4

5.2

5108

5.2
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HEIDENHAIN

Contour cycles: Add.| Function Add. | Function
Sequence of program steps for machining with several tools % Start of program N Block number
% Program call with G39
: P Cycle parameter
List of subcontour programs (37 PO1 . A Rotary motion about X axis in fixed cycles TNC 407
B Rotary motion about Y axis P Value or Q parameter TNC 41 5B
Drill - define/call : [ Rotary motion about Z axis in Q parameter definition
Contour cycle: Pilot drilling GE6 PO1 . ..
Pre-position, cycle call : D Q parameter definitions Q Q parameter TNC 425
Roughing mill - define/call i F Feed rate R Polar coordinate radius
Contour cycle: Rough-out Gb57 PO1 ... F Dwell time with GO4 R Circle radius with G02/G03/G05 |SO
Pre-position, cycle call ; F Scaling factor with G72 R Rounding radius with
(G25/G26/G27 "
Finishing mill - define/call : G | Gfunctions R | Tool radius with G99 Programming
Contour cycle: Contour milling G5B POT ... 3
Pre-position, cycle call ko H Polar coordinate angle S Spindle speed
H Angle of rotation with G73 S Criented spindle stop with G236
End of main program, return Moz : ;
| X coordinate of the T Tool definition with G99
Contour subprograms G98 circle center/pole T Tool call
: J Y coordinate of the T Next tool with G51 - S B e
(98 L0 circle center/pole A S T R R
K Z coordinate of the u Axis parallel to X axis {«):] Pebit e ]“i-g-ﬂ Xo}
circle center/pole \'4 Axis parallel to Y axis
Radius compensation of the contour subprograms: w Axis parallel to 7 axis Machine/ The keyboard and the display mode can be switched to
3 L Set a label number ; programming “machine control” or programming"” using the shift key
Contour Sequence of programmed Radius with G98 X X axis on the visual display unit.
contour elements compensation L Go to a label number Y Y axis
L Tool length with G99 z Z axis Machi trol:
Inside Clockwise (CW) G42 (RR) : chdabilie
{pocket) Counterclockwise (CCW) G41 (RL} M M functions % End of black @ Manual In this mode the axes can be moved with the machine
- - axis direction buttoris. Use the soft keys to enter the
Outside Clockwise (CW) G41 {RL) spindle speed, M functions and datum points, and to call
(island) Counterclockwise (CCW) G42 (RR) ; Hel - i the probing functions for the 3D touch probe.
Xﬁé LADLSY %ﬁ@?ﬁt{% uLAJﬁ gj% i Handwheel Here the axes can be moved either with an electronic
hand-wheel, or with the machine axis direction buttons
Caordinate Trancformations: Salbnt iRa Brocram PuIEG: after entering a jog increment (soft keys: see “Manual”).
Coordinate transformation Activate Cancel Program 234 in mm % 234 G71 @ ‘E"vc?ts;lt:omng L??r;nn:t(ijgnlicf?;%Zes?tlijctulrr:i%éj\j r?ng\lficgmgﬁn?ﬁg tsatg:aa”
‘ 7 Define workpiece blank G30 G17 X+0 Y+0 Z-40 MDI {also applies 1o feed rates, circle centers and cycles).
Datum shift G54 X+20 Y+30 Z+10 | G54 X+0 Y+0 Z+0 G31 G90 X+100 Y+100 Z+0 The blocks are stored in the program SMDI
Mirro_r image G28 X G28 — i
got?tlor} - g;g E(]Jrgf) g;’g IE;|1+0 100: delflmltlon %396'1”; L+0 R+5 Program run/ When the program has been started with the machine
caling 1actor . oaca b GOO G40 GIO Z+1 '3 full sequence START button, it runs automatically to its end or until it
100: Chﬁ‘”ge position T %1 ;gm%% +100 M06 encounters a program STOP. The machining process can
20h%8 be observed on the sereen with the simultaneous
Starting position, next to the workpiece X=20 Y-20 M03 graphilcs {oattire [exceptitNG 1071
Working depth Z-20

Each block must be started separately with the machine
START button. The machining process can be cbserved on
the screen with the simultaneous graphics feature

Program run/
single block

1st contour point, with radius compensation (RL}  GO1 G41 X+0 Y+0 F200

Tangential approach G26 R15
Straight line Y4100 {except TNC 407).
D Function D Function Chamfer G24 R20 P RS
— — Straight line X+100 o
3'1] ﬁfﬁ@%gn gg ﬁoot s‘fm OZ Sf%arfns Cm:b‘ ra % QUUP‘#‘”? 525’5}:‘20 _@ Programming This mode allows you to edit HEIDENHAIN conversational
;i 2gual; 9o tojanelnumoe traight line + and editing  and ISO programs, tool tables, datum tables, pallet tables
02 Subt_ragnon 10 If not equal, go to label number Circle center ~ 14100 J+0 and text files, and then downloaded or output them over
03 Multiplication 1 If greater than, go to label number Circle, incremental (03 G91 X-25 Y-25 the RS-232.C or RS-422 data interfaces
04 Division 12 If less than, go to label number Last contour point, absolute G01 GY0 X+0Y+0 ;
05 Square root 13 Angle from ¢ sincand ¢ccos o The 4 I
06 Sine 14 Error number Tangential departure G27R156 Josprouia pr(fgr:smts%gpe*:lrg?;ﬁ%rreeZc%\‘:l ﬁ%iﬁ?nﬂ?k Lt
07 Cosine 15 Print End position, next to the workpiece G00 G40 X-20 Y-20 : ) i
19 Assignment PLC Retract, return to start of program Z+100 M02




Tool movement
GO0

G
G2
G03
G05
G08
* Go7
G10
G11
Gi12
G13
G15
G16

Straight line interpolation, Cartesian coordmates. rapid traverse

Straight line interpolation, Cartesian coordinates

Circular interpolation, Cartesian coordinates, clockwise

Circular interpolation, Cartesian coordinates, counterclockwise

Circular interpolation, Cartesian coordinates, no direction of rotation
Circular interpotation, Cartesian coordinates, tangential contour transition
Paraxial positioning block

Straight line interpolation, polar coordinates, rapid traverse

Stralght line interpolation, polar coordinates

- Circudar interpolation, polar coordinates, clockwise

Circular interpolation, polar coordinates, counterclockwise
Circular interpolation, polar coordinates, no direction of rotation
Cireular interpolation, polar coordinates, tangential contour transition

Chamfer/Rounding/Approach contour/Depart contour

*G24  Chamfer with length R

*G26  Corner rounding with rddius R

* (326 Tangential contour approach with radius R
*G27 Tangantlal contour departure with radius R
Tool definition

*GO%  With tool number T, length L, radius R

Tool radius compensation
G40

G4
G42
G43
G44

No tool radius compensation

Tool radius compensation, left of the contour
Tool radius compensation, right of the contour
Paraxial compensation for G07, lengthening
Paraxial compensation for GO7, shortening

Blank for definition for graphics

G30  (G17/G18/G19} MIN point
G31 ° {G90/GA1) MAX point
Simple fixed cycles
G83  Pecking
G84  Tapping with floating tap holder
G85  Rigid tapping
GB6  Thread cutting
G74  Slot milling
G756  Rectangular pocket milling, clockwise
G76  Rectangular pocket milling, countarclockwise
G77  Circular pocket milling, clockwise
G78  Circular pocket milling, counterclockwise
SL cycles, group 1
G37  Contour geometry, list of subcontour program numbers
GB6  Pilot drilling
G57  Rough-out
G828 Contour milling, clockwise (finishing)
G659  Contour milling, counterclockwise (finishing)

* Mon-modal function J

51, cycles, group 2
G37  Contour geometry, list of subcontour program numbers
G120 Contour data {applies to G121 to G124}
G121 Piiot drilling
(G122 Rough-out
G123 Floor finishing
G124 Side finishing
G125 Centour train {machine open contour}

Coordinate transformations
GB3  Datumn shift in datum table
G54 Datum shift in program
G28 Mirrorimage
G73  Rotation of the coordinate systam
G72  Scaling factor (reduce or enlarge contour)

Speclal cycles

*G04 Dwelltime F (in seconds)
G386 Oriented spindle stop

* (339 Program casll

Define working plane
G17  Working plane: X/Y; tool axis: Z
G18 Working plane: Z/X; tool axis: ¥
G19  Working plane: Y/Z; tool axis: X
G20 Tool axis: IV

Dimensioning
G90  Absolute dimensions
G91  Incremental dimensions

Unit of measurement
G70 Inches (define at start of program)
G71  Millimeters (define at start of program)

Other G functions
G29  Transfer the last nominal position value as a pole {circle center)
G38  Stop program run

* GB1  Next tool number (with central tool file)
G55 Probing function

*G79 Cyclscall

* (398  Setlebel number

* Non-modal function

Stop program run/Spindle stop/Coolant off

MOO
Moz Stop program run/Spindle stop/Coolant off
delete status display {depending on machine parameter}
Return to block 1
MO3 Spindle ON clockwise
MO4 Spindle ON countserclockwise
MOB Spindle stop
MO6  Tool change/spindle stop idepending on machine parameter)/
Stop program run ‘ ‘
MO8  Coolant ON
M09  Coolant OFF
M13 Spindle ON clockwise/Coolant ON
M14  Spindle ON counterciockwise/Coolant ON
M30 . Same as M02
MB89  Vacant miscellaneous function or
. Cycle call, modal
M89  Cycle call, non-modal
M0  Constant contouring speed at inside corners
and uncompensated corners
Ma1 Coordinates in positioning block are referenced to
the machine datum
Me2 Coordinates in positioning block are referenced to
a position defined by the machine builder
M93  Reserved
M94 . Reduce display of rotary axis to value under 360°
M98 Reserved
MO6 Reserved
Ma7 Path cornpensation on outside corners: points of intersection instead of
transition arc
Mas End of path compensation, non-modal
M101  Automatic tool change with sister tool if maximum tool life has expired
M102  Resst M101
M103 Reciuce plunging rate to factor F (percent)
M104  Reserved
M105  Machining with first Kv factor
M106  Machining with second Kv factor
M107  Suppress error message with sister tools with oversize
{with blockwise transfer
M108 Reset M107
M109  Constant contouring speed at the tool cutting edge on inside and eutside
Qarners
M110  Constant contouring speed at the ool cutting edge on inside corners
M111  Feed rate refers to the tool path center (standard setting}
M112  Insert rounding arc between two straight lines, enter tolerance E
M113  ResetiM112 )
M114  Automatic compensation of the machine geometry when working W|th

Yrers

swival axes

s s A4 A
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