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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 " Salect tools S _—
2 Set workpiece datum for

coordinate systemn —_— —_—

3 Determine spindle speeds
and feed rates — 1.4
4 Switch on the machine — 13
5 Cross over reference marks .@ 13. 21
6 Clarnp workpiece e R—
7 Set detum /
Reset position display ...
7a ... with 3D touch probe T of @ 25
7b ... without 3D touch probe sl o [N 2.3

Entering and testing part programs

8 Enter part program or download S5t08
- over external data interface or9
9 Test part program for errors - . 31
10 Test run: Run the pragram =
block by block without tool =) 3.2
11 . Optimize the part program‘ E
{if necessary} 5108
Machining the workpiece
12 Insert tool and run program 32




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

Controls on the visual display unit

Toggle display between machining and
g i programming modes

SPUIT program blocks only, or both program blocks
SCREEN  and graphics
D Soft keys for selecting functions in screen

Shift keys for the soft keys

<] >
¥ o

Typewriter kévboard for emtering letters and symbois
File names/

QWEIRITY) G
@ :Jsroogramming

Machine operating modas

Brightness, contrast

W MANUAL OPERATION
N EL. HANDWHEEL
POSITIONING WITH MDi

PROGRAM RUN/SINGLE BLOCK

-} PROGRAM H‘UN{FULL SEQUENCE
Programming modes
PROGRAMMING AND EDITING
- TEST RUN -

Select programg and files

s Delete programs and files

Enter program ¢all in & program
{conversational programiming only)

External data transfer
Miscellaneous functions

Moving the cursor and going directly to
blocks, cyclas and parameter functions

- n . . Move the cursor {highlight)

Go directly 1o blocks, cycles and
parameter functions

Override control knobs.

Feed rate Spindle speed

?S}?FHICS Switch-over key for displaying graphics only,

~

WERHNE

2
2

h

i

Approach/depart contour

Straight line

Circle center/pole for polar coordinates -
Circle with cénter

Circle with radius

Tangential circle

Chamfer

Carner rounding

Tool functions fconversational programming only/

R

Enter or call tool length and radius

Activate teol radius compensation -

Cycles, subpragrams and program section repaats
fconversational programming only)

Define and call cycles

Enter and call labels for subprogramming
and program section repeats

Enter program stop in a program

Enter touch probe functions in a program

Coordinate axes and numbers, editing

X

Select coordinate axes or enter

“them intcra program

=
=
3
o
@
7

-l o JEIRIL -]

m=
E

Decimal paint
Arithmetic sign
Polar coordinates‘{conversarfonaf‘ programming oniy}
Incremental dimensions

Q parameters for part families or mathernatical
functions (conversational programming only}

Capture actual pesition

Skip dialog questions, delete words
Confirm entry and resume dialog

End block ‘

Clear numerical entry or TNC message

Abort dialog, delete program sections






How to use this manual

@]? This manual describes functions and ieatures avatiable on TNCs with the following NC software numbers ar higher:

TNC modei - NC software

TNC 407 243 3010

TNC 415 B, TNC 425 259 330 10

TNCAI5F, TNC425E | 259940 10

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

The following functions are not available on the TNC 407:

» Graphics during program un
= Simultaneous linegr movement in more than three axes

The export versions TNC 415 £ and TNC 425 E have the following
himitations: : .

s Input and machining accuracy are lirited to 1 pum

« Simultansous 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 cyele time and memory
capacity.

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

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

s Proning functions for the 30 touch probe

+ Rigid tapping

+ Re-approaching a contour after an interruption

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

TNC 425/TNG 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-hy-step
workbook. The manual 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
iz explained thoroughly when it is used for the first time.

. As a beginner you should work through this manual completely from
beginning to end 1o ensure that you are capabie of fully exploiting the
Testures of this powerful tool.

If you're already familiar with TNC, you can use the manual as @
comprehensive reference and review guide. The tabie of contents and
numerous cross-references help you quickly find the topics and
information you need. Easy-toread dialog flowcharts show you how 1o
enter data for the desired function.

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

TNC 425/TNC 415 B/TNC 407



Dialog flowcharts

Bialog inmiation

€3]]

f

M

DIALOG PROMPT (ON THE TNC SCREEN)

el

Answer the prompt with
these keys

Here the manual explains the funciions of the iéeys

—~r—

-

NEXT DIALOG PROMPT

-

Press this key

Or press this key

Function of the key
A dashed line incicates that

__________ yOu can press either the key(s)

Function of the alternative key above the [ine or below it.

e

The trail of points means that:

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

TNC 425/TNC 415 BATNC 407
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1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

Keyboard ...
Visual dnsplay umt
TNC Accessories...

1.2 Fundamentais of Numerical Control (NC)

I OEUCTION o\ et ceeirs et sereeisresersaaranrias srvs rrsdsseramsra s smssanssas sacnssns snneassnmssnsanseenassnsssnesacs |
Whatts NC? e et
THE DA PrOGTEM e icceicrieeeee v te st cves e s e eaee s saerseessarsasssmssmss s emceemesveseeseaamssemsmssncasnreees |

Programming ..
Reference system

Cartesian ooordlnate system
Kl [1 (o TaT: [ = 3
Polar coordinates
e 1912
e 1412
e 1414

. 1-14

Setting the pole...
Daturn setting ..

Absolute workp1eoe posmons

Incremental workpiece posmtlons

Programming 100! MOVEMENTE .. o..ie e tree st encecs rmarre s ees e cnesm s e eme st e oo reme e
POSION BNOOMEIS oavreveviaeeiieriismnreieeteessaissesrareases sastabssbatasassarasasesre et tsassisiarisveriersbrnses
R O B I T BT oot et ee ettt ameesasmsansseaesesentnmnseasemessssrnseneeeannranen

1.3  Switch-On.... eeameemmseisesssiesiisesssssebesteneeRREseesaanae

1.4 Graphics and Status Displays.......ccccnmiinisinnieniiiesene

Graphics during PROGTAM FUM .veverevsirssraesensrsetrsarm s asseseanseessessrenss sessansesomseressansnesneen 15

Plan view ..

Projection in 3 planes

Cursor position durmg progec’uon in 3 pianes
30 view .. " e ra e e s
Magnrfylng detanls

Repeating graphic smuia‘uon e teeiiabeseisarsussesearerararnanesirnteariaarreieniernscmeasnnsnnesaninrenenee |7

iVieasuring the machining time ...
Status displays ...
Additional status dusplays

15 FIlBS covorereeeerreeeeseeeesseeessssessnisssssssssssmsssestsans R

3 (e 1= 10n) 5 AT OSSO RPOPURR |

File StatUS .o
Selecting a file ...cvivereeeneen
Copying files .
Erasing filas ...
Protecting, renamlng and convertmg f:les

Fila management for files on externsl data med|a

---------------------

----------------------

e 1210
L1110

1-11
1-11

117
1-17
1-17

TNC 425/TNC 415 B/TNC 407



Manual Operation and Setup

2.1

2.2

23

2.4

2.5

2.6

27

Moving the Machine AXes ........o.oceeemveeveeresseesesn oo

Traversing with the maching axis direCtion BURONS —.....vvw. v
Traversing with an electronic RaNGWNEE! ..o
Working with the HR 330 electronic handwWhee! ..o oo

Incremental jog positioning ...
Positioning with manual data mput (MDI}

2
23
23
e 24

w24

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

Entering the spindle Speed S ..o

Entering a8 miscellaneous TUNGLON M. . ..o oo e
Changing the SpINAIE SPEEA S . .....oee e e oo eees oo
Changing the TEBA FATE F ..o ettt et

Setting the Datum Without a 3D Touch Probe................

Setting the datum iN The 1001 BXIS ... om e

.25

o8

28
26

Setting the datum in the Working PIANE ..o eees oo -

D TOUCKH Probes ... iecirecii e e ee s s s seensns

3D rouch probe applications .........

Selecting the touch Proba FUBCTIONS .......vecueveececeee et e oo e,
Calibrating the 3D 1OUCh PrOBE ..o ettt
Compensating wWorkpiece mMISalGIMIBNT ... et e e e e

Setting the Datum with a 3D Touch Probe.......................

Setting the JatUM IN @MY BXI5 ceue.eeverereerensees e eeeeeeeesee oo eeeoeee oo emseessteseeeeeee s

Cormer as datum ..
Circle center as datum .
Setting daturn points over holes

Measuring with a 3D Touch Probe ......................

Finding the coordinates of a position on an aligned WOrkpiEee ..o veererian

Finding the coordinates of a corner in the working plare ... eveeeeeoeeeeeeeeeeeen
Measuring workpiece diMEMSIONS ... vviiiiiecce i e semesseese e ees et e 22
MeasUNNG SNGIES ... e e eerent e v et e ermsrene

Tilting the Working Plane (not on TNC 407) ....................

Traversing reference points with ted @Xe$......coooviuvie e e 2

Setting the datum in a tilted coordinate systern .
Position dispiay in the tilted system .. .
Limitations on working with the ‘altmg functlon
Activating manual tilting ...

........... 214

TNC 425/TNC 415 B/TNC 407



3 Test Run and Program Run

SRy TN 1= < (T P 3-2

Running a program test .. OOV .Y
Running a program test up to a cer!am bfock cemteetteamteet bt igerabanraas et rar s bevebeme et D
The display functions for test run . SRRV RSSO UROD - o5

3.2 Program RUN cvrrrrrcoscsmmannricsstessersanrmssssmstasanasesonnnse facerorsreserrassne 3.4

Running & part program .. 342
Imterrupting machining ... - OO PO+
Moving the machine axes durmg an interruptlon USRS PRR. - -
Resurning pregram run after an intermuption ... S UUUUR VP © -
Mid-program startup 3—8
REtUrning 10 T COMTOUT 1vaviei e ae v s ee e eemrm e om e se s et ems s ram e memsrms e oo e e e e D

3.3 Optional Block Skip ............... O 3-10

3.4 Blockwise Transfer: Testing and Running Long Programs .......... 3-11
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Programming

4.1  Creating Part Pragrams ceerernreneananeses ST -2

LayOout OF @ DIOGIEIT ....c..eeveeeie et eee e e eea e eeesn et as e s eemenonmenanne o 2102
EQING FUNGHOMS .. it ses e s eeae e rmes s caotrmsseatanes s mssanemasans e e o D

42 Tools ......... . iressssaan s s e e n e 45

Setting the tool data... bt e raerm ettt rars e srass et ensseasveseae e s e st eerenassnsseneaneressens DD
Entering tool data into the program O OOV S PO =
Entering too! ata i 18BIES ..o e ine e e ane s e eneeaee B
Tool data in tables .. et eeeat neaen esvasieasams s ey st aeeemrmnenmesressossasesassepaeresnasevasse B 10
Pocket table for tool changer BSOSO PSSO DU UDUURRR SOOIV = /.
Calling tool data _.. et rme et e rees e e n g et nas eassesnsen s aransapesearmnresmsnsraressesnsos BT
Tool changg ....oevieeens OO POROROTOR. ~ 1
Automatic toar change M101 U U OO ONSUASOTUPROR. -5 I

43 Tool Compénsation Values U, sesestmnamnnssssarranas 4-15

Effect of 100) COMPENSation VAIUBS ... . ..o. e e e eecnaenane 221D
TOO! FAGIUS COMPENSAEON .orrcervesiessiessrerrartesreessasresesserisrrassasesssmmnsassrasssasssentsarasmranrens 415
MECTINING COMEBTS wviiieieeii e vrarsrsssssrestecvesrsevssssisemtenssansesismssrnesss sorinse amms e sesenesasssns S E 7

4.4 Program Initiation - . 418 -

Defining the BIENK TOMM ... ettt s sases s tavbes amreeaesmestasrssssansstseenns e reeevne S 18
Creating &8 NEW Part PrOGTAIMI ... .cooc.ceeeeeerierssrssssemesress v ssssrsssetecmsaressssssssossssssomenneeneecs 418

45  Entering Tool-Related Data ............... S— - .4-21

FOEU 118 F ..ooovetcee oo ceeeres e emeeeessssmssssasissresemnsssesasstsessnseos e sesarssssoesssssssenssssnrrees B2 1
B et T T [ U ST U UV UUUUUR. =)-'.

4.6 Entering Miscellaneous Functions and Program Stop ................. 4-23

47  Actual Position Capture . wissreessearmnsaeerersesusnnasres 426

4.8 Marking Blocks for QOptional Block Skip..... seseveraaeessiersnis 4-25

49  TextFiles .. eeeststasabmmmisisssmbesssamesiesstmsnEsees ...4-26

Fmdlng text sections .. - T RUOOPOR . 0. -
Erasing and |nsemng characters words and Ilnes ST ONOTUR UV PUUUIRY . 7.4~
Editing text blocks.. ek eeeeemresesseaTaereeIASEY A s be b se e e s sreresbaaadsanseanenrrsessrnsiassnnseenees HPFD)

4.10 Creating Pallet Files............ccvcveveriimnrannnnns JOP— P — 4-32

411 Adding Comments to the Program.........ococecemecvnvenneen. 4-34
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5.1

5.2

53

5.4

55

5.6

5.7

Programming Tool Movements

General Information on Programming Tool Movements ............... 5-2

Contour Approach and Departure ... b5-4

Starting point 8nd BN POIME .ov v eers et ce e st an aba s s s mssane sarees O
Tangential approach and departure ... e OO

Path FUNGHONS .o ivrcseerirmeasrnsmrmasassnsraass resemmesases sasnsnsssanassmransssnsase 5.7

Generai information SO SRS PPUPRRPURIPRITORORNURIE < o7 4
Machine axis movement under program controi UV UUP ORIV » = |
Ovearview of path fUNCHONS ..o et i asas s s s s snnees 99

Path Contours — Cartesian Coordinates .......ccccceovveeecervrrcssarrrasenes 5-10

G00; Straight line with rapid 1raVEISE .. i cvreerrresrinsrers s rrensssnssasrsssssrescasressssseeensenees O 10
GO Straight line with fead 1818 F .. s rer e cemern e e D710
L T o 113 RO - Y I
CIrcles 00 CIFCUIAT AITS .vivvvreeeerieveimeiaecraesrsssrareesriantsssssssnsessaesessonisrssnammcnssanasstientcneee 715
Circle Center 1, J, K .. SO OUUURUUURRURPRR - 1 o
G02/G03/C05: C|rcular path around l J K OO SUURUUTTO - o | -
(302/G03/G05: Circular path with defined radlus U URUNS USROS - oo
G06:; Circular path with tangential CoONNBCIION ......ocvt e, D224
G285 Corner TOUNAING ....ce. ettt et e ion st DD

Path Contours — Polar Coordinates........c.ceriiiniasiimssssecsnsensreeies 5-28

Polar coordinata ofigin: Pole |, J, K e e rescsns s rnans e s semece e 3728
(510; Straight line wWith rapid TaVETSe ...t s e OPRD
G11: Straight fine with feed rate F .. PO O U OO PPOTUURRRRE o .
G12/G13/G15: Circular path ar0und polel J K rtreteeseeereeiaeressasanernasssersrrssensesse DS
G16: Circular path with tangential Tanstlion .. et e rerene e PSR
Helical INTEMPOIRTION (.......cvveeierisrene s erseemsrmse i seesmsssms e smens s e sems st ebresssnsars st sasnsnss OO

M Functions for Contouring Behavior and Coordinate Data........ 5-36

Smoothing corners: MS0 . eemveseemreasseeteetetiatbantisassan e ean st anrarrtnsans b bertnes senneastinrones DOE
Miachining smali contour steps MQ? rerrasetiessesearenseerarassrasrasererassncronsres srmsisasemsnrns BT
Machining open comours: M98 .. . SO UUPRRUSN - .G 1
Programrning machme—referenced coordmates MSUMQZ remeemeressrrssneranssinisessens D3
Feed rate factor for plunging movements: M103 F.. SR TCUPRURORIP = [
Feed rate st circular arcs; M109/M110/M111 . SO - 1|
Insert rounding are between straight lines: M1 ‘[2 E sresemeesteemnsaseans O]
Automatic compensation of machine geometry with t|lted axes M1 14 SUURREUURURTUN , = ¥~
Feed rate in mmy/min on rotary axes A, B, C: M116 ., - e 543
Superimposing handwheel positioning during program Tun: M1 ‘[8 )( Y Z ............. 543

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 .62
Sequence ... rreaeeas .62
Qpesrating Ilmltanons ................................................................... 6-2
Programiming and cailing subprograms ........ .63

6.2 Program Section REPeALS ............ccorurmmersssevscsrmssisnasssesnanssssansssananass 6-5
ODBTENNG SBOUBNEE ..o eeeeeac e cermsrrsinersarsse stereatesbate st ssemmnsaresssmardbedensa semsmessasssrsnss &5
PrOgrammmming NOIES v vreresimiestirerosemieessssem s s s st sssanset s ssmsmstes s e eameeasseesamosanseemsas 65
Programming and executing a program Section repeat .....oc.occecvevecreaeeereree e srsssssrans 695

6.3 Main Program as Subprogram..... 6-8
Seqguence ... vt sn e aas . venreens B
Operating TMHBTIONS ... e eree e e e rasen s eraee e enrenen &8
Calling a main Program as @ SUBPIOOIAM ...ccve i ress et st ete s sstsssa b saes et s semsena s 68

6.4 Nesting tessamsesacansesanessassnisan 6-9
INESTING GEEIN 1oeviivrerirniaerrinsisrieaass rssismes e rms i b miranrssass asrmmresn resseasseass ra sesnmsmsssnsssssraansssrans 69
Subprogram within a subprogram ___ R ..
Repeating program section repeats rrerevievsnTsraee e iE T pas R e e en rens aa e b et en baen &11
Repeating subprograms ... ...8-12
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7  Programming with Q Parameters

71

7.2

7.3

7.4

1.5

1.6

7.7

7.8

7.9

Part Families — Q Parameters in Place of Numerical Values.........7-4

Describing Contours Through Mathematical Functions.........coceeee 7-7

T DVBIVIBW oo ee e eree et eer e eraenos et s s s ne s et seatsearmneennns 77

Trigonometric Functions..........cccccerueeea. riresrrasrsserasasnanes 7-10

OVEIVIBWY .1ieverrvesrssreresssreansrssermsrns ossasss saserssrssssmreessostasssssrssomsesssmsscanssnssnsessesnsmnessenes #=10

H-Then Decisions with Q Parameters ........... eeanetenasbat teeatambons be bt 7-11

OVETVIBIN ..o cecms e reeemamrees eceaes e aearn e rrares besirasseass st srnrnernsnressnsnrsssssesmsmssasserssarnssasces 7711

Checking and Changing Q Parameters.... ressesrarnaniaessasane 7-13

Diverse Functions............ GbdeenienmemmsssnrateinsseEbLRRSSEoLsrarney ik bmmannndads et bhrnns 7-14

Displaying error messages ... eteeeeereeesastesetestasssstrassnnsnnsrasseesarannsenninss I= 12
Cutput through an external data mterface PP VTR URTURPR £ £.2
Transter to the PLC .. OO U SNSRI Y ¢ -1
Entering Formulas Directly .......oovcoriceeririmvemi e enes s 7-16

OVENVIEW OF TUNCHIOMS cerers e reesererear st e s eneseeareseneeresenemnerneeseneennsne #2186

Measuring with the 3D Touch Probe During Program Run.......... 7-19

Programming Examples............cocuieneeen. EeeerRRaev e saaaea it sesasrne 7-21

Rectangular pocket with island, corner rounding and tangenttal approach ....covvie e 7-21
Bolt hole circie .. VUSSR L
Elipse... . bbb e e sra e e e e st s bameerssrasrenisarsensras AR
Hemlsphere machlned w:th end mlll D OO UUPNROTUTRITNORY -
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8

Cycles

8.1

8.2

83

8.4

8.5

8.6

General Overview .........

PTOGRAMINING 8 CYCIE w...evooerevieeirs st reeesass oo sestesesesesas s sosesesronsensemssarsesenesssemmmessomses
DHMBNSIONS N HE BO0] BXIB 1.veereasiree s vemeeesetee oo eeme e ae et see e et see s sa et et et eaemt s et eeseaemes

Simple Fixed Cycles. ...........
PECKING (G83) ..

TAPPING with floating tap holder (G84) ... 77

RIGID TAPPING (GBS} ..

THREAD CUTTING (GBB) oo o

SLOT MILLING (G74) ...

POCKET MILLING (G75/G7B) ..ot
CIRCULAR POCKET MILLING (G77/B78) - eeeeeeereeceereetrameermermeesesresarasssameassesrmeareaseca

Xy
813

..... 8-15

SL Cycles (Group ) ...........

CONTOUR GECMETRY [G37] - ticemrrrirsssrecrmeasssesmers e aeemssass s eemsara e ssanesesessensesneans
ROUGH-OUT {G57) ..o ememc e

Overlapping contours ..
PILOT DRILLING [(356}

COMTOUR LI (95%591

SL Cycles (Group H) «covvceececans

CONTOUR DATALGTZ0) .ottt ere e ceeat s ses s aeras e aeas et seat st s mabt st emraans
PILOT DRILLING (G127] ci i risiiris e st sesc e essse s e bee s esasaas s sasaasessons
FLOOR FINISHING (G123) ccovirvrnerverismceinnsiseresinss e ssssssssss s snassssasmssssasssssssrmsss seaseves
SIDE FINISHING (G124) ...ovveeeercmercmeas
CONTOUR TRAIN (GT25} ..o irmaere e e eremen vt menen s srsassamrecs s nrassean s sas s seree

816
e 817
e B19
... 825
826

---------------------------------------- AvurrErerEn 8-29

8-30
831
8-32
8-32

................................................................. £33

8-35

Coordinate Transformations

DATUM SHIFT {G54) ...

DATUM SHIFT with datum tables (G53) fiﬁfﬁZIZ.ZZ::::Z:::ZﬁfﬁfZIZﬁZﬁfﬁlﬁfﬁfﬁfiﬁiﬁlﬁfﬁifﬁﬁfZf...

MIRROR IMAGE {G28) ..
ROTATION (G73) ..

..... R - X 7
...8-38

SCALING FACTOR (G72)

Other Cycles ......

DWELL TIME {(G04) ..
PROGRAM CALL {G39}

ORENTED SPINDLE STOP (G38)........
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8 External Data Transfer

9.1 Menu for External Data Transfer..........ccccucecircavanns

9.2 Selecting and Transferring Files .....cccvevveerormremerresseerssorssosninsac

SEIBOTING THBS coiviiiieiisiimrrimeeereetmrissessssiss emsmemsssessaees vasasats ereenssaasmmnsamnsrnessansnsasassrsnasesssassan

Renaming files ...

TrANSTEITING THES . croece e ccriesrtiisisn s setee s eesrsrsssvsrants srssnnsnrnsmenmnesvara s ses bombt eis aassmasassamernn
=]t A== s 1= L b1 = OO UUs U DU

9.3 Pin Layout and Connecting Cahle for the Data Interfaces

RS-dZ2/V. 1T INEBITACE coreirriiereriiiie i ceccrsrtarasrstsisstrmniamaarscs ressaserassnsnsbnansenas st mmsemnenssrrnse
TR iy Y B BT o T o -V VO UURPUUUTOR

9.4 Preparing the Devices for Data Transfer......

HEIDENHAIN devices ... ruimincicsnnn

Non-HEIDENHAIN AeVICES ...t e et s i n

v 97
s 77

7-7
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10

MOD Functions

10.1

10.5

10.6

10.10

Seiecting, Changing and Exiting the MOD functions ................ .. 10-3

Saftware Numbers and Option Numbers .. .............ccemeneeee. 10-3

Code Numbers ..... tsevsessessmumssesaesrerREssaasanRonessassesannnnesasrnas 10-4

L. na Hha Eviarnal
vu“"'u "l e L) RERAE

] !ﬂ*nr&mc ina

REILA FE LT IRl s at g ELL] LLL] L
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Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

The TNCs are shop-floor programimabie contouring controls for boring
machines, milling machines and machining centers with up to 5 axes.
They also feature oriented spindle stop.

Two operating modes are always active simultanecusly: one for maching
movernents (machining modes) and one for programming or program
testing (programming modes}.

TNC 425

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

TNC 415 E

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

TNC 407

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

* Graphics during program run
» Tilting the machlnlng plane
» Linear movement in more than three axes

Technical differences between TNCs

TNGC 425 TNC 415 B TNC 407
Speed control Digital Anzlog Analog
Block execution time 4 ms 4 ms 24 ms
Control loop cycle time
« Position controller 3ms 2ms gms
Control foop tycle time
* Speed controlier 0.86ms — _
Program rmemory 256K byte 256K byte 128K hyte
Input resotution 0.1 um G.1um 1 um
1-2 TNC 425/TNC 415 BfTNC 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 2fl the information necessary for

affartivae nea of the TN '= ranahilitice
eective usse o Tne TNG 5 Capapimes,

The keys are grouped on the keyboard according to function. This makes it
easier to create programs and 1o use the TNC's functions.

The TNCs are programmed in 1SO formnat,

a1}

Itis also possible to program in casy-1o-understand BEIDENHAIN
conversational format (s separate User's Manual is available for this).

Graphics

Warkpiece machming ¢an be graphically simulated both during machining
(TNC 415 B and TNC 425 onby) or before actuzl machining. Various display

modas are available.

Compatibility

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

THC 425/TNC 415 B/TNC 407



1 Introducton

1.1 The TNC 425, TNC 415 B and TNC 407

Keyboard

The keys on the TNC kevboard are marked with symbols and abbrevia-
tions that mzke them easy 10 remeamber. They are grouped according 1©
the foliowing functions:

Typewriter-style keyboard for entering
file names, comments and other texts, _
as weil as programming in S0 format Numerical input and axis selection

Program and file
management

Arrow keys and
GOTO key

Machine Programming Dialog initiaticn for
operating modes conversational
modes programming

The functions of the individual keys are deseribed 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

——— Brightness controf

+——— {ontrast control

. Switchover between
—T = the active program-
ming and machining

modes

GRAPHICS

TEXT

SPLIT
SCREEN

| [~~~ SPLIT SCREEN key for
‘ selecting screen
) . [ayout:
Soft keys with context-specific . YP‘;ogram 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 headline:

the machining mode to the left and the pregramming mode 1o the right.
The currently active mode is displayed in the larger box, where dialog
prormpts and TNC messages also appear.

Soft keys

The soft keys select the functions shown in the soft-key row immediately
above them. The shift keys 1o the right and left call up additional soft-key
rows. Colorad lines above the soft-key row indicate the nurmber of
available rows. The line representing the active row is highlighted.

TNC 425/TNC 415 BfTNC 407



1 Introduction

1.1 The TNC 425, TNC 415 B and TNC 407

Screen Jayout of modes

Programming mode:

Machining
mode Programming mode is active
o | TEST RUN
#3013 G71 »
NiB D32 DY PRI -2 =
NZD D89 82 PRI +@ =
M3 020 02 PR1 +2 +
Text of the :: ::: :f::;;i:;. | E 5 — Graphics
seigcted NIE H9G 07 PO1 <33 w : {or additional
program NSQ 090 517 PBL <276 = status display)
MER ‘983 05 PR B »
K72 QB2 D18 FRL -80 »
NEE CEQ S PEL +8 »
N93 DEE B1B PQL1 +5@ #
Nio2 08R Qiz POl +8
Wi » N +5,5 ¥ ~§,5
Ni2@ DOD @28 PRl 200 » E'@ BRI {5245
WML e fﬂg& s' SRl ::i: —— Softkey row
MANUAL OPERATION and ELECTRONIC HANDWHEEL modes:
A rachining mode is Programming
selected rnode
MANURL BPERATION TEST RON
AETL. Y +25,3684
e Coordinates Y -250,3600
o Seglected axis
* it means TNC —— Z _2516988
in operation
* Status display, B +331,0000
e.g. feed rate F, _
miscellaneous +12,5000
function M, T 6 M 578
symbols for basic =
rotation and/or tiltedt
working plane-
30 ROT
M l S | ::ﬁ: | D:;me I | k2 Soft-key row

1-6
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1 introduction

1.1 The TNC 425, TNC 415 B and TNC 407

PROGRAM RUN operating modes

Text of tha
selected

prograrn

Status display

active

A machining mode is Programming
mode
(2l e Balad=Rvl | BT I [ T - I =T =T ol Td [ Tal = TPR YT Y
FrRUBKMIL KU 7/ SINELE DLULCK FRALIRTR T L
PNO EDITING

S8R5 GFl -

HiP S3¢ G17 X=0 ¥e0 -3 »

Kzg g3 HriE0 Y100 240 »

P3G GBY V1 LvR R+?,6 «

N4 T1 GI7 S15Q0 =

NEE GPR 548 E38 400 +

HED G5 PE1 -2 POZ -2 PE3 -10 PBR 108
PEE X+80 POG V<50 FB7 5@0

NP9 Hash H5E M3 e

Graphics
{or additional
status display)

270 gp=pa:a8
ACTL. B +132,6878 Y +12.5608
2 +158,25868 E +30,080080
C +390,8048
I T 7] H 5/9
= — [ msoee = 1 |
. Eﬁ &7 oS, AT i Soft-key row

TNC 425/TNC 415 B/TNC 407
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] 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 2 HEIDENHAIN 3D touch
probe:

* Elecironic 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.

H

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

Floppy Disk Unit

The HEIDENHAIN FE 401 fioppy disk unit enables
you to store programs and tables on diskette. Itis
also a means of transfering programs created on a
PC.

Very large programs that exceed the storage
capacrty of the TNC can be "drip fed”: the maching
execuies each transferred block and erases it
immediately, freeing up memory for the next biock
from the FE.

Fig.1.7:  HEIDENHAIN FE 401 Flappy Disk Unit

Electronic Handwhee!

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

Porteble handwhesls such as the HR 330 are
connected via cabie 1o the TNC. Integral hand-
wheels such as the HR 130 are huilt into the
rachine 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 Introduction

1.2 Fundamentals of Numerical Control (NC)

introduction

This chapter discusses the following topics:

What is NC?

The part program
Programming

Reference system

Cartesian coordinate systemn
Additiona! axes

Palar coordinates

Setting the pole

Datm setting

Absolure workpiece positions
incremental workpiece positions
Programming tool moverments
Position encoders

Reference marks

LN

a4 & ¢ % B B B8 B B

What is NC?

NC stands for Numerical Control, that is, the operation of a machine ool
by a series of coded instructions comprised of numbers. Modern controls
such as the TNC have a built-in computer for this purpose and are there-
tore called CNC (Computerized Numerical Control).

The part program

The part prograrm is a complete list of instruetions for machining a part.

It contains such inforration as the target position of a tool movement, the
path function thow the tocl should moeve toward the target position) and
the feed rate. information on the radius and length of the taol, spindle
speed and tool axis must also be included in the program.

Programming

I1SQ programming is partially dialogguided. The pregrammer is free to
enter the individual commands (words) in each block in any sequence
fexcept with G0/G91). The commands are autormaticaliy sorted by the
TNC when the block is concluded.

TNC 425/TNC 415 B/TNC 407



1 inwoduction

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 longitude and latitude. The word
coordinate comes from the Latin word for "that which is arranged.” The

network of horizontal and vertical lines around the globe constitute an B0°
absolute reference system — in contrast to the reiative definition of a 30°
position that is referenced to & knownn jocation. { 1 \
i ] -
303
Gue
90° 00 90°

Fig. 1.8:  The geouraphic coordinate systemn
is an absolute reference system

Cartesian coordinate system

On a TNC-controlled milling machine, workpieces are normaliy machined
according to a workpiece-based Cartesian coordinate system (a rectangu-
lar coordinate system named after the French mathematician and
philosopher Renatus Cartesius, who lived from 1586 10 1650). The
Cartesian coordinate system is based on three coordinate axes X, Yand Z
which are paraliel to the machine guideways.

The figure 10 the right ilustrates the "right-hand rule” for remembaering the
three axis directions: the middle finger is pointing in the positive direction

of the tool axis from the workpiece toward the tool ithe 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 miling machine

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



1 Introduction

1.2  Fundamentals of NC

Additional axes
The TNC can contro! the maching in more than three axes. Axes U, V and
W are secondary linear axes paraliel 10 the main axes X, Y and Z, respec-
tively (see iliustration). Rotary axes are also possible, and are designated
A Band .
Fig. 1.11:  Direction and designation of
additional axes
Polar coordinates Yi

Although the Cartesian cocrdinate system is
especially useful for parts whose dimensicns are
mutually perpendicular, in the case of parts contain-
ing circular arcs or angles it is often simpler o give
the dimensions in polar coordinates. While Carte-
sian coordinates are three-dimensional and can
describe points in space, polar coordingiss are two
dimensional and describe points in a plane.

J= 10 g e e o
Polar coordinzies have their datumatapole |, J, K
from which a position is measured in terms of its
distance from the poie and the angle of its position -@
in relation to the pole.

-

|=230 x

You could think of polar coordinates as the result of
a8 measurement using a scale whose zero point is
fixed at the datum and which vou can rotate to
different angles in the plane around the pole.

Fig. 1.12: |dentifying positions on a circutar are with poler coordinates

The positions in this plane are defined by the

s Polar Radius R, the distance from the circle
center 1, J to the position, and the

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

TNC 425/TNC 415 B/TNC 407 1-11
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introduction

12 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 angie H.

Coordinates of the pole Reterence axis of the angle
I, J +X
J K +Y
K +7

Fig. 1.13;

Poiar coordinates and their associated reference axes

Datum setting

The workpiece drawing identifies a certain peint on the workpiece (usually
a corner) as the “absolute datum™ and perhags one or more other points
as relative daturns. The datum setting procedure estabiishes these points
as the origin of the absolute or relative coordinate systems. The work-
pigce, which 18 aligned with the maching axes, is moved 10 2 certain
position relative to the toeol and the display is set either to zero or to
another appropriate vaiue {e.g., 1o compensate the too) radius).

ZA

Fig. 1.14;

The workpiece datum represents
the origin of the Cartesian
coordinate systern

TNC 425/TNC 415 B/TNC 407



1 Introdugtion

12 Fundamentals of NC

Example:

Drawing with several relative datums
(130 129 or DIN 406 Part 11, fig. 171)

[l o
B f
9 _ 89
VT o =&
75165 120
£125.
12257 0
125
21654 500
750
3201
0
Ex le:
ample: Za

Coordinates of point @ :

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

Tne datum of the Cartesian coordinate system is located 10 mm from
point @ on the X axis and 5 mm from it an the Y axis.

The 3D Touch Probe System from HEIDENHAIN i3 an especialiy
convenient and efficient way to find and set datums.

Fig. 1.15:  Point @ defines the coordinate
system

TNC 425/TNC 415 B/TNC 407 13
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Introduction

1.2 Fundamentals of NC

Absolute workpiece positions

Each position on the workpiece is uniquely defined by its absolute
coprdinates,

Example:

Absolute coordinates of position @:
X=20mm

Y =10 mm

Z=15mm

If you are driliing or milling a workpiece according 1o 2 workpiece drawing
with absolute coordinates, you are meving the tool to the value of the
coordinates.

Incremental workpiece positions

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

Exampie:
Incremantal coordinates of position @ referenced to position @

Absolute coordinates of position & ;

X =10 mm

Y= 5mm

Z=20mm

Incremental coordinates of position @ :
X= 10mm

Y= 10 mm

IZ ==15mm

If you are drilling or milling a workpiece according 1o a drawing with
incremental coordinates, you are moving the tool by the value of the
coordinates.

An incramental pasition 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-tc-go has a negative
sign if the target position lies in the negative axis direction from the actual
position.

Zh

Fig. 1.16:  Position definition through
absolute coordinates

Fig. 1.17.  Position definition through
incremental coordinates

1-14
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The polar coordinate system can also express both

types of dimensions:

+ Absolute polar coordinates always refer 1o the
poie {l, J) and the reference axis.

* incremental polar coordinates aiways refer to
the last nominal position of the tool.

Y+i
——
/":I‘PH 4 ™.
N S N
e /' PR ] \\ \
/ / /HPA | +IPA PH.\
10 - ——r———- § o°
(e
-@ 30 X+

Fig. 1.18; Ingremental dimensions in polar coordinates {designated by
391}

TNC 425fTNC 415 BFINC 407



1

Introduction

1.2 Fundamentais of NC

Example:

Workpiece drawing with coordinate dimensicning

{according to ISC 129 or DIN 406, Part 11; figure 179)

Dimensions in mm

Coordinate Coordinates
origin
Pos. [ X1X2 | YTY2 r ¢ d
1 1 0 0 -
1 1.1 325 320 8 120 H7
1 1.2 {00 320 B 120 H7
1 1.3 950 750 @ 200 H7
1 2 450 750 g 200 H7
1 ;3 700 | 1225 & 400 Hs
2 P21 =300 150 @ B0 HN
2 22 =300 0 ¢ 50 H11
2 2.3 =300 | 150 @ 80 H11
3 31 250 ¢ 1@ 26
3 3.2 250 0 | & 26
3 33 250 60° | & 28
3 34 250 90 | @ 28
3 35 250 120° | @ 28
3 36 250 150° | & 2B
3 37 250 180° | & 2B
3 38 250 210° | g 286
3 39 250 240 | @ 28
3 3.10 250 2700 | @ 26
3 an 250 300° | & 26
3 3.12 250 330° | & 26

1-16
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1 tntroduction

1.2 Fundamentals of NC

Prograrmming tool movements

During workpiece machining, an axis position is changed sither by move-
ment of the ool or movement of the machine table on which the work-
piece is fixed.
@ You always prograr as if the tool moifés 'an'd'th“e\'v.rd'ricpie'ce remains

If the maching 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 movernent always corresponds to the direction of
tocl movement relative to the workpiece but in the opposite direction.

" Position encoders

Position encoders convert the movement of the machine axes into
electrical signals. The control constantly evaluates these signals to
calculate the actual position of the machine axes.

if there is an interruption in power, the caiculated position will no longer
correspond 10 the actual position. When power is restored, the TNC can
re-establish this refationship.

Reference marks

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

I the position encoders feature distance-coded rafarence marks, each
#xis need only move a maximum of 20 mm (0.8 in.) for linsar encoders,
and 20° for angle encoders.

Fig. 1.19:  On this machine the ol moves in
the ¥ and Z axes, and the tabie
rnaves in the +X' axis.

Z4

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

Fig. 1.21: Linear scales: with distancecoded
reference marks (upper fflustration)
and one reference mark (fower
iustration)

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:

-

The TNC mermory is autornatically checked.

_v

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

}..

-
| The PLC program of the TNC is translated automaticaily. )
—g—
Switch on the control voltage.
The TNC checks the EMERGENCY OFF circuit, 4

For each axis press the START kay.

Cross the referencs pomts in any sequence:
Press the machine axis direction button for each axis
until the reference point has been traversed.

Move the axes over the reference marks in the displayed sequence:

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

1-18
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1 Introduction

1.4 Graphics and Status Displays

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

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

The display mode is selected with the soft keys.

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

The TNC graphic depicts the workpiece as if it were being machined by a
cylindrical end miill. If toof tables are used, a spherical cutter ¢an zlso be
depicted (see page 4-10.

The graphics window will not show the workpiece if
» the current program has no valid blank form definition
* no program is selected

With machine parameters MP7315 1o 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 mranhical renresentatinn of a running proararm is not nossible if the
A graphical representation of a running pregram 1$ net possiole 11 the

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

Example:

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

TNC 425/TNC 415 BfTNC 407
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14 Graphics and $tatus 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 sofi keys:

* TEST RUN mode: i6or32
+ PROGRAM RUN modes: 160r32

Plan view is the fastest of the three graphic
display modes.

Fig. 1.22: TNC graphics, plan view

-
:
RESET
@ ea:eE:Ce
{8 32 @
=7 Show 16 or 32 shades of depth.
8- 32

1-20
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1.4 Graphics and Status Displays

Projection in 3 planes
r‘_"li
Similar to 8 workpiece drawing, the part is
displayed with a plan view and two sectional
planes. A symbol to the lower left indicates
whether the display is In first angle or third angle

projection according to SO 6433 (selected with
MP 7310)

Details can be isolated in this display mode for = .
magnification {see page 1-24). ip——n ===

3l ETRRT sT0P RESE]
- Dh 7 | IE | dume | m SIRRT !
EER-oN [} ]

BTRRT

Fig. 1.23:  TNC graphics, projection in thrée planes

Shifting planes

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

R4 2 -31.8 « B4 BE: 2858
ENEIEIE AR

Fig. 1.24:  Shifting sectional planes

E or Shift the soft-key row.

S
-
gB:eE2:80
- 0,
g:l [] Shift the vertical sectional plane to the night or left.
or u
¥ Shift the horizontal sectional plane upwards or downwards.
= | « | =

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



1 Introduction

1.4 Graphics and Status Displays

Cursor position during projection in 3 planes

3D view

The TNC shows the coordinates of the cursor
position at the bottom of the graphics window,
Only the coordinates of the working plane are
shown,

This function is activated with machine parameter
MP 7310.

Cursor position during detail magnification

Puring detail magnification, the TNC displays the
coordinates of the axis that is currently being
maved.

The coordinates describe the area determined for
rnagnification. To the left of the stash is the
smallest coordinate of the detail in the ¢current axis,
1¢ the right is the largest.

—

Here the workpiece i displayed in three
dimensions, and can be rotated about the vertical
axis.

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

In the TEST RUN mode of operation you ¢en isolate

=9

N -PR.E v -35.3

O £ 2255

i

-

=t

W | o [oe|v 5

Fig. 1.25:  The coordinates of the cursor position are
displayed to the lower left of the graphic

details for magnification. 8* 902826 |
RGBS
Fig. 1.26: 3D view
1-22 TNC 425/TNC 415 BfTNC 407
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1.4 Graphics and Status Displays

To rotate the 3D view:

2-8
g

Shift the soft-key row.

ESET
Ee:08:08

g
&

Rotate the workpiece in 27° steps about the vertical axis.

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

B3
@ @ SHOU omir [ RCSE STOR|
S Ll HLK-FORM | BLK-FCRM PoRM (D

@li:'@ = Eﬁ:’ae

Fig. 1.27: Rotated 3D view

To switch the frame overlay display onjoff:

SHOL
BLK-FORM

or

OMIT
BLK-FUORM

Show or omit the frame overlay of the workpiece blank form.

TNC 425/TNC 415 B/TNC 407
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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

|

* 3D view

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

AT Y]

UINDOY
X

Ly
Foen

WAGH BOIZEEES
S

TRAKEFER
BETRIL

Fig. 1.28: Magnilying a detail of a projection in three planes

Teo select detail magnification;

Shift the soft-key row,

WINDOL

TRAKNSFER

BLK
FORM DETAIL
3 R
g.r‘ / @ Select the leftfright workpiece surface
B 17
@ / @ Select the front/back workpiece surface
@ / @ Select the top/oottom workpiece surface.
{ p;
~
_ or + Shift sectional plane to reduce/magnify the blank form.
. _v -
If desired ]
Select the isclated detail.
TRANSFER
OETAIL
\ _v 4

[ Restart the test run or program run.

if a graphic display is 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.

1-24 TNC 425/TNC 415 B/TNC 407
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1.4 Graphics and Status Dispiays

Repeating graphic simulation

A part program can be graphically simulated as often as desired, efther

with the complete workpiece blank or with a detail of it

Function Soft key
RESET
*» Restore workpiece blank as it was last shown F'BOLRKH
» Show the compiete BLK FORM as it appeared W INDOW
before a detail was magnified via TRANSFER BLKk
DETAIL hudiidd

&

Measuring the machining time

At the lower right of the graphics window the TNC
shows the calculated machining time in

hours: minutes: seconds
{maximum 99 : 59 : 58)

¢ Program run:
The clock counts and displays the time from
prograrm start to program end. The clock stops
whenever machining is interrupted.

s Test run:
The clock shows the time which the TNC
caiculates tor the duration of tool movements.

To activate the stopwatch function:

=l

The WINDOW BLK FORM soﬁ key wrll retum the biank form 1o fts original shape and size, even rf a dewll has
been isolated and not yet magnrflsd with THANSFER DETAIL.

[{PROGRAN RN

ITNEE BLOM TEST

RUN

I3RS 571 =
H10 LG Q1 Pu3 8 4

H20 TR 02 POZ 2 e

H3Z 0OR & POT 4D+
WIS 08B OF PRl ~40 *
N3G D98 GG PRY 419 -
NaQ TO O PRI %0 =
NEQ TRE QLY pO1 42 -
N0 3O TR POT M e

HPG N4 ¥15 FE1 =0 »
uBG DER 09 PAl @ #

N30 DRT Q10 POT 58 «
Nid® OB8 N2 PRI & +
N21@ o

| w329 ooe aza Pay 5o

SHOY

L T

"7

BEC-TORM

RESET
Ak
TORM

s Fan 2300199
O o |8

9825343

Fig. 1.24:

The caleukated machining tirme is shown at the

lower right of the workpiece graphic

functions appears.

Press the shift keys until the soft-key row with the stopwatch

 B-8
.

STORE

@

ROD

O+O

RESET
BR:BE:08

©

i

The soft ice\,-s ava;lable no the ieft of the stopwatch functlon depend on the sslected dlsplay mode

TNC 425/TNC 415 B/TNC 407
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1 Introduction

14 Graphics and Status Displays

* Show the sum of the stored time and
the displayed time

Stopwatch function Soft key
STORE
» Store displayed time @
ano

O+0

s Clear displayed time

RESET

Bgo:eaen

©

Status dispiays

During 2 program run mode of operation the status
display contains the curment coordinates and the
following information:

Type of position dispiay (ACTL, NOML, ..}
Number of the current tool T

Tool axis

Spindle speed S

Feed rate F

Active M functions

“Control in operation” symbol: #

“Axis is locked” symbol:

Axis can be moved with the handwheel: &
Axes are moving in a tilted working plane: |2
Axes are moving under a basic rotation: |7y

Additional status displays

PROSRAM RUN / SINGLE BLOCK TEST Bt

a5 71 .

N18 G GI7 MG Vel -1 »

KiG G371 GA X-130 V180 2-9 »

NG G 17 LeR@ R=?.6

Rag T1 Gi7 51500 =

NBQ GO G2 490 2+53

NEZ &7 M1 <2 POZ 20 PO2 -10 PRA 12

POG X+20 PEG Vo5 PO7 520

Hid %+EE Vo0R M: #

ACTL. B +132.6878 Y +12,56E8
2 +168.,25689 B +30.,00E8
C +38,2808

T 2] H 5/9

RESTORE
80 & rag T
Fig. 1.30:  Status display in a program run mode of operation

The additional status displays contain further information on the program

rurn.

To select additional status displays:

- )
STATUS Set the STATUS soft key to ON.
[QEF]- ON
- g
{ a or B Shift the softkey row.
~ ’
STATUS STATUS S$TATUS SCL%;%S AD aR:EaseiTae
PGM POS. TOOL TRANSF . Q+O )

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

Additional status display

Soft key

» General program information

* Positions and coordinates

* Tool information

* Coordinate transformations

STATUS
PGEM

STRTUS
FOS.

STATUS
TOOL

STATUS
COCRD.
TRANSF .

General program information

PROGRAM RN
FULL SEQUENCE

TEST RUN

/ Name of main program

N3G D)1 OB3 MR -0 POQ QT3 »
NAE D1 TES PR1 05 PRI <QI98 -

PROGRDELS

HNIE [ DGR PR -t
HEQ CR¥ T72 PEY ~Q12 PAZ +L2€ »
NPR Chd @72 PEY -U72 PEZ G20 +

i

— Active programs

L3R D2 Q77 PRl M7 FR2 «0T =

1 PECKING

MM 024 D77 PEL +O77 FD2 +Q27 =

HIDQ DG LPP PRL Q77 PO -02E =

EC| A «3E.2E8R My DUELL
7 ==E

| Cycle definition
|
[

Dwell time counter

NLUIR D32 078 PD1 +Q98 POCY QB
Ni22 G35 078 PDL +O78 POR ~QEE =
NiR D23 978 PO +07E P02 +G29 +
Ni4@ BQ2 §76 PRL 416 PRZ B +
N15Q D24 076 PRI =076 PO Q25 =
NiGR D03 976 Pa1L <075 PR +QIn =
N170 054 W-Ql ¥-0l 240531 =

Machining time

T

Circle center CC (pole}

o Sﬁrﬂ?lj! 3;? START Rﬁfﬁ
Juisg S = STRRT
Positions and coordinates
PROGRAM RUN 7 FULL SEWUENCE TEBT RUN

LEAE 7L -

WI® GIE G17 Aed VB 243 * RIST-

M B3 WO K100 Ve10R Zed = X ea.oan
¥ +8, B8R

/ Type of position display

Coordinates of the axes

Tilt angle of the working plane

1&‘\““—— Display of a basic rotation

NIB GOO T1 L+ Re?,5 @ 2 +B.838
NGB Ti §i7 S1500 + : ::::::
NEG 58D Ga® G50 Ze5B &
WER GTS P21 +2 PEZ =28 PRI -1A PEs 180
PES X8B3 PYE v+5@ PA? 500 » @ : :g:m
N7D K53 VGO K3 =
| |¢€2 easic RoTRTION
BCTL. B +?12.,Q021% b -86,77897
2 +84,9834 B +3H, 0088
C +36,0084
T 2] ) M 5/3
PRGE PAGE 825 1N £ RESTORE =
] 3 TERT TEAT m i [iaafgely

TNC 425/TNC 415 BfTNC 407
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1.4 Graphics and Staius Displays

Tool information

T: Tool name and number

RT: Name and number of a replagernent tool

/

. o TEST EUN
/
N3 9% 053 PO =03 PO -3 # T00L 11 SOHRUPAY | TOO' axis
NA2 BO1 B5E PO <G PE2 ~QLON + ]
NG 02 D54 PRI 38 = ﬁg ""T?ﬁ:::g
NER D4 Q72 MY =012 POZ 025 [+3 25000 |
§ . "‘—--.___________‘ aa
X76 029 072 P97 -072 POZ 029+ o p- o Teool length and radii
MEG D82 UFP BU1 +D1% PE2 07 % TEE 02680 «C,1899 ~
K OU9 G477 BUI g PE2 Q27 e FEM \
HIdR D83 7T PRL w7 FE2 D28 e CURLTIME  TIMEL TIMER Oversizes {delta values)
119 D82 079 FBL 716 B2 <08 o S TR Lt I \
N{ZO D@4 G7B FE1 <076 PO2 4016 e TOOL CRLL % SCHRLPP1
W% DU 076 FO1 PR M w028 w Rl o= 12 |\ Tool life, maximum ool life and maximum tool fife
N14Q G2 876 PAY «218 PE <06 = for TOOL CALL
N1S@ Do+ TV FE{ +O75 PEZ 402G »
NIGE DEZ G765 PUL @76 PUZ 423 v
N190 ES4 X-01 VetR Z+gS3 + Display of the programrned tool and the (next)
STRIUS | SIATUS | SIRTUS | STATUS replacernent tool
PEM POS. H ey
Coordinate transformations
reowm = TTEST RUN / Main program name
HE 629 % - peoges o T | —— Coordinates of the datum shift
47 G73 GED H~-13,5% =
W@ 572 FLOL1I5 - el "?,;,"gf; (> ,E;f,? ;ﬂ,
4o 62t ¥ 1258 " Angle of basic rotation
Wi COY C49 G99 2025 K2 + @nx:m 1naGE
NEO OHB G52 PRI -3 + . .
N3 OG1 OED PRI #Q3 PR3 =023 P Mirrored axis
Uag BRI G5B POT 0 PO2 0108 + X w00 terie | |
NGO 0B 058 PO 0B « + ; ::ﬁ :':;::;:
MR OBS UP2 PO Q12 PEZ Q25 - Sca]ing faCIOf{S]

PR Q@3 72 POL
HER QB2 477 PR1
M@ DEE D77 PRY

“Wre PHE Q8 -
Q17 PE2 407 =
Q77 PEZ =AI7 +

T

Hioe 083 &% PAL =G¥F FO2 ~023 »
N8 B2 078 PEY +6 FEQ +08 +

[T
.
\

STRTUS
PGH

STATUS
PO

STATUS
ToTL

STRTUS

TRINNEF .

Sealing datumn

1-28

TNC 425/TNC 415 BfTNC 407



1 Introduction

1.5 Files
Programs, texts and tables are written as files .
and stored in the TNC. Files in the TNC Type
IFiEe identification: Programs .
|PROG15 | . |’ * in HEIDENHAIN plain language diaiog H
|

| [ * in I1SO format il

File name File type

Tables for
To open a new file you must enter a file name * Toals T
consisting of from one to 16 characters (letters * Pallets P
and numbers), depending on MP7222. * Datums D
The fife typas are listed in the table at right. Texts as

s ASCH files A

Fig. 1.35: TNC file types
File directory Task Mode of Call file directory

The TNC can store up to 100 files at one time. operation with
You can call up a directory of these programs by )
pressing the PGM NAME key. To delete one or Create new files

more pregrams, press the CL PGM key.

. ) Edit files
The file directory contains the foliowing
information: ]
Erase files

s File nams p—
s File type Test files
* File size in bytes (=characters)
* File status Execute files
Furthe( information is shown at the 1op of the Fig.1.36; File management functions
screen:
¢ Selected file storage

- TNC memory MRRURL DETUM TAB NG

- External storage over RS-232 interface PERRTION e et = ﬁlj I

- External storage over RS-422

+ |nterface mode (e.g., FE1, EXT1 far external —_—
storage) 76134

THSE

« File type (e.g., % .H if only HEIDENHAIN ;giég . o
dialog programs are shown) 29153 . i::i
Example: EEEEHUUR . as2

RS 422/EXT1: % T is displayed. This maans that only |PAL1

. L] .
DDPOORRETD=- I T ITITX
3

those files are shown that have the extension .T 76

and are located in an external storage device {e.g. DD2SLP . sz

a PC) that is connected to the TNC over the SKbeg . %2 E

RB5-427 interface (see also Chapter 9}. 11y . 595
JKL - 1028

A soft key catis the file directory of an external 53 FILE(S) 195984 EVIES VACANT

data storage medium. The screen is then divided PREE PREE | SELECT |  COPY SELECT | WiINBGW

irto two columns. i) 3 “p ) [FEEFa sE= END
ig. 1.37.  Fil i i

Select the file directory: Fig. 1.3 n,l':: are sortad alphabetically and according to

WIKDOK Show the file directory in one or two columns. The selected layout is
=j= l%l shown in the soft key.

TNC 425/TNC 415 B/TNC 407 1-29
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1.5 Fiies
File status
The letters in the STATUS column give the following inforrnation about the
fites:
E: File is selected in the PROGRAMMING AND EDITING operating
mode
S File is selected in the TEST RUN operating mode
M: File is selected in a prograrn run operating mode
P . Fite is protected against editing and erasure
IN: Fiie contains inch dimensions
W File has been transferred to external storage and cannot be run

Selecting a file

P

Call the file directory.

PRGE PEGE SELECT CoPY SELECT WINDOW E N D
8C Y ==
T | 1 | = |mE N ES=
Initialty only HEIDENHAIN dialog (type .H} files are shown. Other files are
shown via soft key:
r SELECT Select the file type.
TYPE
x..ﬁ_
8HOW ALL SHOU SHOW SHOU SHOU SHOW SHOU
n END
r SHoE AL Show &ll files
Bl '

You select a fite by moving the highlight bar:

Function

Key / Soft key

* Move the highlight bar vertically
1o the desired file

* Move pagewise down/up
through the file directory

= Select the highlighted file

0/0

PIEE / P%[FE

SELECT

% ]

1-30
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i Introduction

1.5 Files

To copy afile:
Meode of operation: PROGRAMMING AND EDITING.

Cali the fiie directory.

e
L Move the highiight bar to the file you wish tc copy, for example a fite of type .|

L

—~p”
COPY Select the copying function.
pec+fiv2)
~ -
DESTINATIONFILE= 1 -
N_Type the new file name into the highfight bar in the screen headline. The file type here is .
~ - - _
[ et Copy the file.

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

mode.
[ Cali the file directory with CL PGM.
) N
PRGE PAGE | DELETE SELECT | WINDOW
S B |-Eeg| ENo

Move the highlight to the file you wish to delete.

—

p—

-

"vf
CELETE Erase the file.
€ )
L
Protected files

A protected file istatus P} cannot be erased. If you are sure you wish to
erase such a file, you must first remove the protection (see page 1-32).

TNC 425TNC 415 B/TNC 407
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1 Introduction
15 Files

Protecting, renaming and converting files

In the PROGRAMMING AND EDITING gperating mode you ¢an:

= convert files from one type to another
* rename files )
+ protect files against editing and erasure

[ 5 First call the program directory.
—
Then switch the soft-key row.
L e
PAGE PAGE PROTECT |UWPROTECT| RENAME CONVERT
1 ! (@ | [ | keg-kv3 | ety END
To protect 2 file:
[ Move the highlight to the file that you wish to protect. J
v
PROTECT Setect PROTECT. The file now has status P and cannot be
D @ accidentally changed or erased. The protectad 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 Seiect UNPROTECT.
, v_
BB Type the code number 86357 into the highlight bar in the screen
headline.
k Yy
[ Cancel the file protection. The file no longer has the status P.
L "

You ¢can now unprotect further files simply by marking therm and pressing
the UNPROTECT soft key.

1-32 TNC 425/TNC 415 BfTNC 407
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1.5 Files

To rename a file:

( Move the highiight to the file that you wish to rename.

J U

-
RENAME Seiect RENAME.
pBC) = 2]
h ~
DESTINATIONFALE= 1. |

|-

N

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

-

,

ENT Rename the file.

To convert a file:

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

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

[ Move the highiight to the file you wish to convert.

.

-

CONVERT Select CONVERT.

padj-fv

-

CONVERT Select the new file type, here an ASCII text file (type .A).

~[8)

.

DESTINATION FILE= A

-

Type the new file name into the highlight bar in the screen headfine.

L

-

-

‘ Convert the file.

TNC 425/TNC 415 B/TNC 407
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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 ftoppy disk from the TNC. To do
this you must first select the PROGRAMMING END EDITING mode of

cperation.
Call the program directory for external files. ‘
Y
b "y
PAGE PAGE TRANSFER | TRANSFER | TRRNSFER SELECT UINDCU
?
) ) @¢@ @@ END
ﬁ ﬂ EXT NC EXT [TNC T EXT VPE l
Move the highlight to the right onto the external file.
:— ™
W INDOW Select one-window mode.
L v »,
PRGE PAGE DELETE SELECT W INDOM
&3 @ == END
T | 8 | & S ===
To erase a file on the FE 401B:
/ Mave the highlight to the unwanted file. }
.
DELETE Erase the file in the highlight.
To protect or unprotect a file on the FE 401B:
Switch to the next soft-key row.
~ - g
PRGE PAGE PROTECT [UNPROTECT
] { D@ | e Ty | 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 1o the next soft-key row.

PROTECT JUNPROTECT

i b DOe O Fur; | END
Select the formatting function.
FHT
L
.
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
mematy of the TNC, i.e. if it is displayed on the left side of the screen.
( Call the program directory of the external data medium.
h .
PAGE PRGE TRANSFER | TRAMSFER { TRRNSFER SELECT LIKNDOW
TNC)w EX N7 @ = END
ﬁ ﬂ' EXT TNE = EXT T¥PE
Switch the soft-key row.
- ’
PRGE PAGE CONVERT
oo | END
CONVERT Convert the file and save it on the external data medium.
[ecy=v2)
— -~ ~
CONVERT Select the target file type, e.g. A
-
. J
CDESTINATIONFHE= "
eg @ Enter the new file name and start conversion with ENT.
TNC 425/TNC 415 B/TNC 407 1-35



2 Manual Operation and Setup

2.1

2.2

2.3

2.4

2.5

2.6

2.7

Moving the Machine Axes ........covovecevenimerveannnan,

Traversing with the maching axis direCHON DUTONS ..oovvre e,
Traversing with an electronic BANAWRER] ...t ssses it sass e eaes
Using the HR 330 electronic RandWhes! ... e

Incremental jog positioning ...
Positioning with manual data mput {MD]}

22
23
2-3
e 2-4

.. 24

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

Entering the spindle SPeRa S . et st st ne e e e

Entering a miscellangous Tunction M ...c.coeimrvirnninienans
Changing the spindle speed S ...

CRENGING the FEE 11 F ..oroesseeseeseesessessoeeseossos seeess s eesses e osreeses
Setting the Datum Without a 3D Touch Probe.......

Setting the datum M the 100l XIS oot v b ere st sre et
Setting the datum in the Working DIZNE .........veievimeerevcmiie e eeeeoes e eseeames e eeseaas e res

3D Touch Probes....c.cccccveevccinnrresveenamnsnne

3D 1oUCh Probe BPPIICALIONS ..o et ee e e s cetem s s st bbb e st st
Selecting the toUCh Probe TUNCHIONS (e s e et e meeeeaave e
Calibrating the 3D 10UCH PTODE ..ottt st as s bt eem e e ene et emmmn e

Compensating workpiece misalignment.................

Setting the Datum with a 3D Touch Probe..............

Setting the datum M anY 8XIS ..o s sa e sesme e s emes e

Corner as datum ..
Circle center as datum -
Setting daturm points over hoies

Measuring with a 3D Touch Probe

Finding the coordinates of a pasition on an aligned workpiece ... oceieeeeeeee
Finding the coordinates of a comer in the working plane e
hMeasuring workpiece diMENSIONS .. . rrae e s ree e erens
S UIING BNGIBS ...ttt e e e et et cem eeneete e e sa st e et a e renn b e

Tiking the Working Plane (not on TNC 407) ...........

Traversing reference points with ed 8XES ...oc.viivee s e r et e
Setting the datum in 2 tilted COOTHINATE SYSIEM v iviiiiecieeee e e et sesre v s ssraeans

Position digpiay in the tilted system ..
Limitations on working with the tiltlng functlor‘l
Activating manual tilting ...




2 Manual Operation and Setup

2.1 Moving the Machine Axes

Traversing with the machine axis direction buttons

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

heid down.

You can move maore than one axis at onee in this way.

For continuous movement

p [ MaNUAL oPERATION

Press and held the machine axis direction button, then press the
e.q. machine START button.
The axis centinues to move after you release the keys.

together

To stop the axis, press the maching STOP button.

You can only move One axis at 8 time with this method.

rem—
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2 Manual Dperation and Setup

2.1 Moving the Machine Axes

Traversing with an electranic handwheel

-

B » [ momovcamowmm

‘INTERPOLATION FACTOR: . . . - . X= 3

eq. Enter the interpolation factor {see table).
-

keyboard.

@ Select the axis that you wish 10 move, For portable handwheels make
&9 the selection at the handwhee!; for integral handwhests, at the TNC

Now move the seiected axis with the electronic handwheel. H you are
using the portable handwheel, first press the enabling switch {on back of
handwheel).

Interpolation ~ Traverse in mm per
factor revoiution

20

10

b
1.29
0628
0.312
0.156
0.078
0.038
0 0.018

= O wWw|~O | ~A WK 2O

Fig. Z.1: Imerpolation factors for handwheal speed Fig. 2.2 HR 330 electronic handwheei

@ The smallest programmab!e mterpoiatton facxor depends on the specrﬁc machme 100l
If is also possuble omove the axes w:th 1:he handwhee! dunng 2 prograrn un {see page 543}

Using the HR 330 electronic handwheel

Attach the handwheel to 2 steel surface with the mounting magnets such
that it cannot be operated unintentionatly.

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

inhibited.
When you hold the hanchwheel in your hand for machine setup you must
press the euduuug switch be E you can move the axes with the axis

direction keys.
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Z Manual Qperation and Satup

2.1 Moving the Machine Axes

Incremental jog positioning

With incremental jog positionmng 2 machine axis moves by a preset Z
distance each time you press the corresponding machine axis direction
button.

—_-..

=S
e

16 X
Fig. 2.3: Incremental jog positioning in the
X axis
D P | rLECTRONIC BANDWHEEL
INTERPOLATION FACTOR: | X= 4
@ Select incremental jog positioning.
. ’
( T - -
ELECTRONIC BANDWHEEL
JOG mCREmT ' 4 8
eg. B - Enter the jog increment fhare, 8 mm).
® Press the machine axis directicn button as often as desired.
ed

@ * Incrementsl jog positioning must be enabled by the machine manufacturer.
+ The machine manufaciurer detan'mnes whether the interpolation factor for each axis is set at the keyboard or
with a step switch.

Positioning with manual data input (MD?})

@? Magchine axis movement can alsa be programmed in the :SMDI file (see page 5-44).

Since the programmed movements are stored in memory, you can recall
them 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 QOPERATION and ELECTRONIC

HANDWHEEL modes:
M S TOUCH DATUM 30 ROT TO0L
PROEE SET @ TABLE
With these functions and with the override knobs on the TNC keyboard
you can change and enter: Q
» miscellaneous functions M COoO0cooon
* spindle spead S oooboOooadan
* feed rate F {only viz override knob} Uoopoooo
These functions are entered directly in a part program in the 0o00po0o0
PROGRAMMING AND EDITING mode.
o 00
|S/i :>5n®qm I:l D D D
s 0 [0 [
" O0C C O
O00C O O

Ta enter the spindle speed S:

F%
m—

Fig. 2.4: Knobe for spindle speed and feed

rate gverrides

4

Select § for spindle speed.

S

.l

-

SPINDLE SFEED 8 =

CTololo

spead.

Enter the desired spindie speed (for exampie, 1000 rpm).

Fress the machine START button to confirm the entered spindle

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

TNC 425/TNC 415 B/TNC 407
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2 Manua! Operation and Setup

22 Spindle Speed S, Feed Rate F and Miscellanecus Functions M

To enter a miscellaneous function M:

-

Select M for miscellaneous function.

M

i
MISCELLANEOUS FUNCTION M

h

ent Enter the miscellaneous function (for example, M6),
en

Press the START button to activate the miscellaneous function.

L T

See Chapter 11 for a list of the miscellaneocus functions.

To change the spindie speed 5:

190 Turn the knob for spindie speed override:
& " You can vary the spindle speed from 0% to 150% of the last entered
value.
B s%

@ | The-kndb'.:fo'rfs;ﬁfﬁd_le speed override is effecnveontyon 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.
50
- WF o
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2 Manual Operation and Setup

2.3 Setting the Datum Without a 3D Touch Probe

You fix a datum by setting the TNC position display to the coordinates of a
known point on the workpiece. The fastest, easiest and most accurate
way of setting the datum is by using a 30 touch probe from HEIDENHAIN
{see page 2-14}.

To prepare the TNC:

[ Clamp and align the workpigce.

.t

Insert the zerc tool with known radius into the spindie,

-
or Select the MANUAL OPERATION or ELECTRONIC HANDWHEEL
L mode.
-

[ Ensure that the TNC is showing the actual values {see page 10-9).

Setting the datum in the tool axis

th

Fragile workpiece? ) _
i the workpiece surface must not be scratched, Z ‘ Z ‘
you £an lay a metal shim of known thickness d .
on it. Then enter a tool axis datum valug thatis
larger than desired datum by the value o,

.

N R

X

Fig. 2.5: Workpiece setting in the ool axis; right, with protective shim

[ tiove the tool until it touches the workpiece suface.

-
eg. ! 7 ] Seiect the tool axis.
- -
il Ty
ELECTRONIC HANDWHEEL Select datumn setting.
only:
DATUM
SET
-
eg n ﬂ Zero tool. Set the display to 7 = 0 or enter the thickness d of the shim.
Preset tool; Set the display to the length L of the tool,
e.g.an ERT fhereZ=50 mmorenterthesumZ= L +d
L o

TNC 428/TNC 415 BITNC 407
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2 Manuzl Operation and Setup
2.3  3Jetting the Datum Without & 3D Touch Probe

To set the datum in the working plane:

Fig. 2.6:  Serting the datum in the werking plane; plan view fupper

right)
[ Move the zero tool until it touches the side of the workpiece. ]
~ g
\
eo @ Select the axis.
- -~
P ™
ELECTRONIC HANDWHEEL Select datum setting.
only:
DATUM
SET
M, _J
v
12| 5 e Enter the positicn of the tool center (here, X = 5 mm} including the
©9 i - sign.

Repeat the process for all axes in the working plane,

q_]i} “The exact dialog for datum setting depends ‘en machine parameters MP 7295 and MP 7296 (see page 11-10).

28 TNC 425/TNC 415 BfTNC 407



2 Manual Operation and Setup

2.4 3D Touch Probes

3D Touch probe applications

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

* Compensating misaligned workpieces (basic
rotation)
¢ Datumn setting
* Messuring:
- tengths and weorkpiece positions
- angles
- radii
- citcle centers
« Measurements during program Fun
* Digitizing 3D surfaces

Fig. 2.7: 3D touch probe model TS 120

@ 'The TNC must be speczally ptepaned by m A ._._:‘mbuﬂder for the use of a 3D touch probe I you: wushto e
-makemeasuremerRs durmg program :un,amm‘ezthaf'me tool datd {iength, radius; axis)-are takerveither from the

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

* transmits a signal 1o the TNC (the coordinates of the probed position
are stored),

* stops moving, and

* retumns to its starting position at rapid traverse.

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

Fig.2.8:  Feed rates during probing
To select the touch probe functions:

4 r.MANUAL-O?ERAﬁOF-‘; e - ' '

or

-~

S » momcmwm

TOUCH Setect the touch probe functions.
PRORBE

.
CAL L CAL R PROBING

I__ﬂ__J |2 RaT

TNC 425/TNC 415 B/TNC 407 29
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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 cammissioning

after 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 bali tip. To calibrate the touch probe, clamp a
ring gauge of known height and known inside radius to the maching table.

" & & & @

To calibrate the effective length:

) Fig. 2.9: Calibrating the touch probes 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.
L _
i
MANUAL OPERATION -
I+ Z-
TOOL AXIS = Z
o5, @ If necessary, enter the tool axis.
Move the highlight to DATUM.
e Enter the beight of the ring gauge fhere, 5 mm).
~y g
[ Move the touch probe to a position just above the ring gauge. ]
~
f ™
or If necessary, change the displayed traverse direction.
- -
r M
® The touch probe contacts the upper surface of the ring gauge. ;
Y _.J
2-10 TNC 425/TNC 415 B/TNC 407
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Manual Operation and Setup

2.4 32D Touch Probes

To calibrate the effective radius
Position the ball tip in the bore hoie of the ring gauge.

Compensating center misalignment

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

For this operation the 3D touch probe is rotated by 180°. The rotation is
initiated by a miscelianaous function that is set by the machine tool builder
in the machine parameter MP 8180.

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

Fig. 2.1 Calibrating the touch probe radius
and determining center

misalignment

probe center misalignment.

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

i

MANUAL OPERATION

X+ X- Y+ Y-

TOOL AXIS = Z
RADIUS RING GAUGE =0
- -
4 The touch probe contacts & position on the bore in each axis direction;
X the effective ballip radius is stored.
- ~

END

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

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

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

2.4 3D Touch Probes

Displaying calibration values

The eifective 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,

Compensating workpiece misalignment

The TNC electronically compensates workpiece
misalignment by computing a “hasic rotation”.
You set the rotation angle to the desired angle in
respect 1o the reference axis in the working piane
{see page 1-12).

HANUAL OPERATION
A= ¥+ ¥y-

| PRESRAMHING
RMD EDITING

TOOL RXIS =H

RADBIUS RING GAGGE =25
EFFECT.PROBE RADIUS =3,3996
EFFECTIVE LENBTH =+12,7838

STYLUS TIP CENTER DFSET X=+80,80851
STYLUS TIP CENTER OFSET Y=+8.B883

ACTL. X +25,3682 ¥
B -25,8808 B
c +12.5080

T e

i | | | | | END

~-258, 3680
+331,0088

M 5/8

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

Fig.2.12:  Basic rotation of a workpiece, probing procedure for

compensation (right). The broken [ire is the nominal
position, the angle His being compensated.

PROBING

]_(2 ROT

",

. Press the PROBING ROT soft key.

. il

ROTATION ANGLE=

'

Enter the nominal value of the rotation angle.

eg. m
-

[ Move the ball tip (4) to a starting position near the first touch point (11

-

TMC 425/TNC 415 B/TNC 407



2 Manual Operation and Setup

2.4 3D Touch Probes

Select the probe directian.

Y

Probe the workpisce,

L

¢

L Move the ball tip (B) 1o a starting position near the second touch point 2/,

Probe the workpiece.

| U ».__..J

A basic rotation is kept in non-volatile storage and is effective for all
subsequent program runs and graphic simulation.

Displaying basic rotation

The angle of the basic retation appears after
ROTATION ANGLE whenever PROBING ROT is
selected. 1t is also shown in the additional status
display (see page 1-22) under ROTATION.

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

To cancel a basic rotation:

t{l-gmugl: osfanum [pangaies s
RETATION ANGLE
RCTL. X +25.3683 Y -:250.3680@
B -25,088e B +33%1,88680
t +12 ,5PB8
T FIK:; K 5/9
T END

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

Select the probing function with the soft key PROBING ROT.

Set the rotation angie to .

Terminate the probing function.

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

25 Setting the Datum with a 3D Touch Prohe

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

= Datum satting in any axis with PROBING POS
= Defining & 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 datum in the Z axis

PﬁDB ING Select the probing function with the soft key PROBING POS,
(| PQs
~
[ Move the touch probe to a position near the touch point. ]
-

X+ X- Y+ Y- Zs& 7Z-

or Select the probe axis and direction in which you wish to set the datum,
such as Z in direction Z-.

Probe the workpiece.

v
.

Enter the nominal coordinate of the datum.

2-14 TNC 425/TNC 415 B/TNC 407




2 Manua! Operation and Setup

2.5 Setting the Daturm with a 3D Touch Probe

Corner as datum

iy

X="

Fig. 2.15: Probing pracedure for finding coordinates of comer 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:

- S

TOUCH POINTS OF BASIC ROTATION?

Transfer the touch point coordinates to memory.

ENT
L S
~p
Move the touch probe to 3 starting position near the first touch point of the side that was not probed for basic
rotation.
> g
,
X+ X- Y+ Y-
ar Select the probe direction.
i\ w
v
® _ Probe the workpiece.
" A
‘v
LMove the touch probe 1o & position near the second touch point on the same side. ]
-
@ Probe the workpiece.
N
DATUM
e,g_n Enter the first coordinate of the datum point {for example, in the X
axis),
‘v

TNC 425/TNC 415 BTNC 407 2-15




2 Manual Operation and Setup

2.5 Setting the Datumn with a 3D Touch Probe

( \
Select the second coordinate.

W -

. . .

DATEM. T . _ , .
e_g_n “ Enter the second coordinate of the datum (for example, in the Y axis). !
p JI
-~
a Terminate the probing function. :

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

['-To‘ncamnus-ormsxcnommﬁ?@{_"5__"“.” o S T

[ E_f-f Ignore the previous touch point coordinates.
-

[ 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 functicn you can set the datum at the center of bore holes,
circular pockets, cylinders, joumnals, circular islands, ete.

PROB ING Select the probing function with the soft key PROBING CC.
cc '
Inside circle
The TNC automaticafly probes the inside wall in all four coordinate axis Y ‘
directions.

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

@ o

X
Fig. 2.16: Probing the inside of a cylindrical
surface 10 find the center
[ Move the touch probe 10 a position approximatsly in the center of the circle. ]
v
i X- o Yaoo¥s e |
The probe touches four points on the inside of the circle,
4%
g
DATUM .
eg a - Enter the first coordinate of the datum {for example, in the X axis).
N
N
Select the second coordinate.
LN
v
DATUM . _ o
eg. | a B Enter the second coordinate of the datum (for example, in the Y axis).
. /
‘v
‘" .
Termminate the probing function.
L - -
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2 Manual QOperation and Setup
2.5 Setting the Datum with a 3D Touch Probe

Qutside circie
Fig. 2.17: Probing the outside of e ¢ylindrical
surface to find the center
{ Move the touch probe to the starting position near the first touch point (7} outside of the circle. J

{

-

X+ X- Y+ Y-
or = Selact the probing direction.

Probe the workpiece.

b

e

(O

[ Repeat the probing process for points 2, 3 and 4 (see illustration). J
~
[ Enter the coordinates of the datum. ]

After the prohing procedure is completed, the TNC displays the
coordinates of the circle center and the circle radius PR.

218 TNC 425/TNC 415 B/TNC 407



2 Manual Operation and Setup

2.5 Setiing the Datum with a 3D Touch Probe

Setting datum points over holes MANUAL DPERATIOR TeRGsRe G

AN EDITING

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

The touch probe is used in the same way as in the
‘circte 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 to the next hale and have

: ; ACTL . X  +25,3684 Y -25B8,3608
the TNC repeat the probing procedure untif all the -25.0888 B +321,0868
holes have been probed to set datums. C +12,%59089

LT - M E/3

Eﬁ PRCORING m’%ﬁ E N D
=T i
:>E<:| g™

Fig.2.18 Second sofi-key row for TOUCH PROBE

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

iine connecting the last two probed holes, If
a basic rotation was aiready made from the
first two holes, these holes do not need 1o be
probed agaim.

* Circle center from 3 haoles PROB ING
The TNC calculstes a circle that intersects the 'y % co
centers of all three holes, and finds the center. . S

TNC 425/TNC 415 B/TNC 407 219



2  Manual Operation and Setup

2.6 Measuring with a 3D Touch Probe

With a 30 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:

FROBING Select the probing function with the soft key PROBING POS.
E:j FOS
g
[ Move the touch probe to a position near the touch point. ]

or 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 comer point as described under “Corner as
datum”. The TNC displays the coordinates of the probed corner as
DATUM.
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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
F‘ﬁQBING Select the probing function with the soft key PROBING POS.
-
Move the touch probe to g position near the first touch point (7). ]
-~

.~ !

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

Select the probing direction with the cursor keys.

—

o
(O -

Probe the workpiece,

AN

[  you will need the current datumn later, write down the value that appears in the DATUM display. J
-~
DATUM E _
m e Set the DATUM 10 0.
B .
Terminate the dialog.
L v
I \
PﬁUBING Select the probe function again with the soft key PROBING POS,
D POSs
LN v_ ~
[ Move the touch probe to a position near the second touch point (27, ]

4
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2 Manual Operation and Setup

28 Measuring with a 3D Touch Probe

X+ X« Y+ Y- Z+ 2Z-

or Select the probe direction with the cursor keys — same axis as for 1.
g

@ Probe the workpiece.

N -

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

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

Select the probing function with the soft key PROBING POS.
-® pos ﬁ

N

Probe the first touch point again.
v

[ Set the DATUM to the value that you wrote down previously.

i
Terminate the dialog. }

Measuring angles

You can also use the touch probe to measure angles in the warking piane.
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 ag 2 vaiue of maximum 80°.

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.
l KR ®ot

g
ROTATION ANGLE

r

If you will need the current basic rotation later, write down the velue that appears under ROTATION ANGLE.

.

-

[ Make a basic rotation with the side of the warkpiece (see section "Compensating workpiece rnisalignment’),

-~
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2.6 Measuring with a 3D Touch Probe

PROBING Display the angle between the angle reference axis and the side of
Kz ROT the workpiece as the ROTATION ANGLE.
N v

Cancel the basic rotation.

To restore the previous basic rotation:
Set the ROTATION AMGLE 10 the value you wrote down previously.

[ T T —— — — — — —— T T — — — s e — Tt o pprrt — — — — S T St i— —— — —]

To measure the angle between two sides of a workpiece:

Fig.2.20; Measuring the angle between two

sides of a workpiece
' IS
PROBING Select the probing function with the PROBING ROT soft key.
|3 roT
-
ROTATION ANGLE _
If you will need the current basic rotation later, write down the value that appears under ROTATION ANGLE.
-
[ Make 2 basic retation for the first side (see "Compensating workpiece misalignment®).
 _
[ Probe the second side as for a basic rotation, but do not set the ROTATION ANGLE to zero!
v
PROBING The angle PA between the two sides appears under ROTATION
Q ROT ANGLE.
S <
v

Cancel the basic rotation.

To restora the previous basic rotation:
Set the ROTATION ANGLE to the value you wrote down previously,

TNC 425/TNC 415 B/TNC 407
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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/¥ plane) but
is executed in a plane that is tited relative to the main plane.

Typical applications for this function:

s QOblique holes
+ Contours in an oblique plane

The titting feature is @ coordinate transformation. The Z axis remains
parallel to the tool axis and the X/Y plane is pempendicular to the tool axis.

On machinas with swivel tables the position of the ool axis relative to the
rmachine coordinate system does not change. The coordinate system is
not tited: the slant of the working piane is compensated by tifting the
table.

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

[n order to run a program in a tifted plane, the tool roust first be pre-
positioned in a conventional way — for example with 2 GO0 block.

Traversing reference points with tilted axes

When axes are tifted, the reference points are traversed by pressing the
machine axis direction buttons. The TNC interpolstes 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
ool {see page 2-7), or — much more easily = by allowing the part program
1o autornatically set the datum with the aid of the HEIDENHAIN 2D touch
probe (see page 2-14).

The TNC then converts the datum for the tited ¢oordinate system. The
angular values for this calculation are taken from the menu for manual
tilting, regardiess of whether the tilting functicn is active or not.

Position display in the tilted system

The positions displayed in the status window {NOML and ACTL) are in the
tiited coordinate system.

2-24
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2 Manual Operation and Setup

2.7 Tihing the Working Plane {not on TNC 407)

Limitations on working with the tilting function
+ The touch probe function BASIC RCTATION cannot be used.

s PLC positioning {determined by the machine tool builder) is not
possible.

* When combining coordinate transformation cycies, you can use a
procedure such as the following 1o activate them:

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

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

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

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



2 Manual Operation and Setup
2.7 Tiking the Working Plane (not on TNC 407)

To activate manual tilting:

-
30 ROT Select menu for manual titting.
M
.
n o n Select the tilt axis.
N, -
e -
es. a Enter the tilt angle {for example, 45°)
~ ”
ﬂ Set TILT WORKING PLANE to ACTIVE.
v -
ol !
Terminate iput.
END
\ }
A symbo! for the tilted plane is shown in the status display
whenever the TNC is moving the machines axes in the
tilted plane.
To reset: MANURAL OPERATION PROCERENG
Set TILT WORKING PLANE to INACTIVE.
TILT WORKIME PLANE
PROGRAM RUN: PNZTT[VE
MANUSL CPERRTION ACTIVE
B = +12,5 .
C = +99 .
ACTL. X  +65,6732 Yy -21,5938
+114,4964 B +12,5802
C +98,8886
T @ m5/9
| -I END

Fig.2.21:  Menu for manuatl tilting in the MANUAL
CPERATION mode
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3 Test Run and Program Run

3.1

3.2

3.3

3.4

Running a program test .. O POV U PV O U OURUSURTOURUT: =4
Running a program test up to a8 certam block U SO O U NUR -
The display functions fortestrun ...

Program Run ................. veemreassarnenssstsserernns 3

RUNTIEAG 2 PAM DFOQIBM .eeeviieceeceertmesesrerareeeessvsseeresrassassassrsnssrmrasesnssessassaes soes
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Test Bun and Program Run

3.1 Test Run

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

= Geometrical incompatibilities
* Miissing 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 external storage media
Graphic simulation

Measurement of machining time

Additional status display

= » " ¥ " 00

To run a program test:

-y ;L
-}
4

Go 1o the beginning of the program.

Function Soft key
# Test the entire program STRRT
: START

» Test each program block individually SIbgLE
RESET

= Show the blank form and test the entire +

program START
= interrupt the test run sTOP

32
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3 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 hiock with

block number N.

[ Select the TEST RUN mode and go 1o the program beginning.

-
sTOP Select a partial test run.
aT
- I - - N IR FIW P a5+
) AT . . N : NER TR B PRY B =
SI Di - . .. PR _ ] P pp—
PROGRAM :. EE y = - ):;_. m”m’“ﬂ"m- = FB15.7
REPETITIONS = = = =
- . - . —1
eg “ Enter the block number N at which you wish the test to stop.
eq. Enter the name of the program that contains the block with block
nurnber N.
e.q H N iz located in 3 prograrn section repetition, enter the number of
§ repetitions that you wish to run. }
~
Test the program up to the entered block.
START prog P
The display functions for test run
In the TEST BRUN operating mode the TNC offers functions for dispiaying a
program in pages.
or Shift the softkey row,
h -
PRAGE g
ﬂ [OFF)~ ON
Function Soft key
PAGE
& Go back in the program by one screen ﬂ,
page
PRBE
* Go forward in the program by one screen ﬁ
page
BEGIN
* Go to the beginning of the program TEXT
END
* (Go to the end of the program TEXT
33
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3 Test Run and Program Run

3.2 Program Run

I the PROGRAM RUN /7 FULL SEQUENCE mode of aperation the TNC
executes 3 part program continuously to its end or up to @ program stop.

in the PROGRAM RUN / SINGLE BLOCK made 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

Blackwvise transfer of very long programs from external storage
Block skip

Editing and using the 1ocl table TOOL.T

Checking/changing Q parameters

Graphic simulation

Additional status display

* 4 & & & & 8 8

To run a part program:

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

-

D | PROGRAM RUN7SINGLE BLOCK

ar

’

) | PROGRAM RUN/FULL SEGUENCE

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

-
a Go to the first block of the program.
-

, b
Bun the part program.
®
L - A
-
Only in mode Run each block of the part program separately.
PROGRAM RUN / pro9 o Y
SINGLE BLOCK

for each block

Fead Tate and splndle speed can be changedmth the ovemde knobs You can supenmpose handwheei posmonmg
‘onto prog;ammed axis: movements dunngpregram run {see page 5—43}
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3  Test Run and Program Run

3.2 Program Bun

Interrupting machining
There are vartous ways to interrupt & program run:

* Programmed interruptions
* Machine STOP key _
¢ Switching to PROGRAM RUN / SINGLE BLOCK

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

Programmed interruptions

Interruptions ¢an be programmed directly in the pért program, The part
program is interrupted at a block containing one of the following entries:

« (333
= Misceilaneous function MO, M0Z or M30
* Miscellanaous function MDB {datermined by the machine tool builder)

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

Interrupt rachining,

The # symbel in the status display blinks.

Program run can be abortad with the INTERMAL STOP function.

INTERMBL Abort machining.
sSTOP

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.

t . E 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 & program interruption in the
same way as in the MANUAIL OPERATION mode. Simply enable the
machine axis direction buttons by pressing the MANUAL OPERATION
soft key.

Example: retracting the spindle after tool breakage

Interrupt machining.

-

MANUEBL Enable the machine axis direction buttons.
DPERATION

g

Move the axes with the machine axis direction buttons.

-Resuming program run after an interruption

When a program run is interrupted, the TNC stores:

The data of the [ast tool called

Active coordinate transformations

The coordinates of the Jast 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 ta the contour after manual
machine axis positioning during an imterruption (RESTORE POSITION).

The TNC recalculates these data for resuming progearm run at a certain
biock {RESTORE POS AT N).

Resuming program run with the START button

You ¢an resume program run by pressing the START butten if the program
was interrupted in one of the following ways:

+* The machine STOP bution was pressed
* A programmed interruption
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3 Tast Runand Program Run

3.2 Program Run

Resuming program run after an esror

» 1t the error message is not biinking:

-
Remove the cause of the emor.

-~

[ CE Clear the error message from the screen.

.
el

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

—f R | —

« [f the error message is blinking:

Switch off the TNC and the machine.

S
e

.

L Remove the cause of the eor.
{ Start again.

s Hfyou cannot correct the error:

( Write down the error message and contact your repair sefvice agency.

TNC 425/TNC 415 BfTNC 407
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3  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 scang the program blocks up to
that point. Machining can be graphically simulated.

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

@ . The REST ORE POS AT N feature must habfed by the machme ool bwlder
* - Mid-program Startup must not begin i ina. subprogram
* All necessary programs, tables and paireﬁ“des must be selected in a program run
mode of operation.
* if the part program- contams a prograrnmed interfuption before the startup block, the
. block scan is interrupted. Press the machine START button to continue the block: snn
. Aftora block scan, retum the toof o the ea!culated posmon with RESTORE

POSITION. _
GETO a (o to the first block of the current program to start a block scan.
[ Eggmﬁ Select midprogram startup. :
) .

- - ( L IRSNTA R AL

START-UP AT: N = st - e

- : PR . P v PROGRRN - 35. 1

'PROGRAM - =

REPETITIONS L= L ' - Rete. B3

en. B Enter the block number N at which the block scan should end.
eg n n Enter the name of the program containing the block N.
e.0. n if block N is located in a program section repetition, enter the number
) of repetitions 1o be calcuizied in the block scan.
® Start the biock scan.
\ —
RESTORE Return to the contour (see next page).
POSITICN
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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
waorkpiece contour in the following situations:

» Return to comtour after the machine axes were moved during &
program interruption
* Return to the position that was calculated for mid-program startup

-

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

Movg the axes in any sequence.

RESTORE @
z _

RESTORE

x

. i !

O Resume machining.
I

38
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3 TestRun and Program Run

3.3 Optional Block Skip

fn & test run or program run, the TNC can skip over blocks that you have

programmed with a slash (/).
( - 5 Shift the softkey row. ]
—v
PAGE 0
] [OEF} ON
4 o )
-1 -0 Run the program withfwithout blocks preceded by a slash. _
OFF [GFE]~ ON
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3  Test Run and Program Run

3.4 Blockwise Transfer: Testing and Running Long Programs

TEST RUN
FILE NAME = (RN

Part programs that occupy more memory than the
TNC provides can be "drip fed" biock by block fram
an external storage device.

During program run, the TNC transfers program :
blocks from a floppy disk unit or PC through its data H s
interface, and erases them after execution. This I
frees up memory space for new blocks. {Coordinate -H
transformations remain active even when the cycle Mo
definition has been deleted} : ;
22742882 JHo s
To prepare for blockwise transfer: 388 H e
+ Prepare the data interface. 3580 H 4
s Configure the data interface with the MOD 3581 -H o
function RS-232/422-SETUP {see page 10-4). LI FILECH B0 TR voeaT!
* If you wish to transfer  part program from a T T E "5' END
PC, interface the TNC and PC (see pages £
8-5 and 11-3), Fig. 3.3:  TNC screen during blockwise transier

» Ensure that the transferred program mests the

following requirements:

- The highest block number must nat exceed 98999998, 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 catled from the transferred pregram must be
selected (Status M).

}"

Show directary of files in external storage.

The soft-key row shifts. )
[ Select the program. ]
- -
SELECT Start data transfer.
| y
-
( PROGRAM RUN: Execute the program blocks.
TEST RUN: Test the program blocks,
START

TNC 425/TNC 415 B/TNC 407 3N



3 Test Runand Program Run

3.4 Blockwise Transfer: Testing and Running Leng Programs

Jumping over blocks

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

L Seiect the program and start data transfer. ‘ : ]
2 .o .-a Go 1o the block number at which you wish 1o begin data transfer, for
example 150. J
[ PROGRAM RUN: Execute the transferred blocks, starting with the block number that
' you entered.
(I
TEST RUN Test the transferred blocks, starting with the block number that you
entered.
START

feature
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4  Programming

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

s create new files
» gdit existing files

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

cause machine axis movement. The eniry 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 ceonsists of individual program :
blocks. The TNC numbers the blocks in ascending
sequence. The biock number increment is defined N10 GO0 G40 GO0 X+100 Y+20 M3
in MP 7220 (see page 11-7). Prograrn blocks consist ! /
of units of information called words. !
Path /
function '
Block Words
number

Fig. 4 1:  Program blocks consist of words of specific information

Function Key

+ Continue dialog

» |gnore diaiog question

» End black Erl‘:l_'ll"
. .
* Delete biock f delete word “h

4-2 TNC 425/TNC 415 BfTNC 407



4 Frogramming

4.1 Creating Part Programs

Editing functions
Editing means entering, adding to or ¢thanging commands in programs.
The TNC enables you to
* Enter data with the keyboard
+ Select desired blocks and words
* Ingert 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 antered directly
by kevboard. You can set the aigebraic sign either before, during or after a
numerical entry. _ :

Selecting blocks and words

* To cail a block with a certain block number:

[ eq. na 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:

a or Press the horizontal curser keys. ]

To find the same ward in other blocks:

[ or Select the word in the block. ]
v
L or Dispiay the same word in other blocks. }

e

'

Inserting blocks

« New program blocks can be inserted behind any existing block
{except behind the N28998 block):

{ or / ﬁ Select the block. ' ]
.
N800 Program new biock. ]

TNC 425/TNC 415 B/TNC 407 43



4  Prograrmming

4,1 Creating Part Programs

Editing and inserting words

Highlighted words can be changed as dasired — simply overwrite the
old value with the new one. After entaring the new information, press a
harizontal cursor key or the END key to confirm the change.

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

Erasing blocks and words

’7 Function

+ Set the highlighted number o O E

Key
» Erase an incorrect number

+ Clear a non-blinking error message C
# Delete the selected word - E:':"
» Delete the selected Block E

+ Erase program sections:

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

4.2 Tools

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

* jength L
= radius R

are assigned to the tool numier.
The tool data can be entered

* into the individual part program In a G99 block, or
s once for each tool into a comman ool table that is stored as 2
type T file.

Once a tool e defined, the TNC associates its dimensions with the tool
number ang accounts for themn when executing positioning blocks.

The way the toot is used is influenced by several miscellaneous functions
(see page 11-16L

Setting the tool data
Tool numbers

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

VWhen the tool data are entered into the program, toof number 0 is auto-
maticelly defined as having length L = 0 and radius B = 0. In teo! tables,
alsa, tool 0 should be defined withL=0and R = Q.

Tool radius R
The radius of the ool is entered directly.

Toof length L
The compensation value for the tool length is measured

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

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

TNC 425/TNC 415 B/TNC 407
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Programming

42 Tools

Oversizes for lengths and radii:
delta values

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

+ Positive delta vaiues = tool oversize i
* Negative delta values = tool undersize : ,
Application DR0,. ':

» Undersize in the tcol table for wear

Delta vaiues can be numerical values or 0.
The maximum permissible oversize or undersize is
+/=99.989 mm.

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

Determining tool length with a zera tool
For the sign of the tool fength L

L>L, Thetoolis ionger than the zero tool
L<i, The teolis shorter than the zero tool : L,>0

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

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

¢

( I necessary, set tha datum in the tool axis to 0.

( Change tools.

{ |

L_) S \._....JIL_)

[ Move the new ool 1o the same reference position as the zero tool,

{

| —

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

1

Note down the valug and enter it later.

Enter the display value by using the “actual position capture” function (see page 4-24}.

46
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4 Programrming

4.2 Tools

Entering tool data into the program
The foliowing data can be entered once for each ool in the part program:
* Tool numbe%

+ Tool length compensation vaiue L.
+ Tooi radius R

To enter tool data into the program block:-

can K.

—

} TOOL NUMBER ?

e B e “Give the tool a number, for example 5.
g
‘ -~

——

TOOL LENGTHL ?

e nm Enter the compensation vatue for the 100! length, e.g. L= 10 mm.
i .
—v—

[ TooLRADIUSR?

g a n Enter the tool radius, e.g. R =5 mm.

Resulting NC block: G899 75 L+10 R+5

@ You can enter the ool iength L directly in the tocl definition by using the “actual position capture”
function {see page 4-24).

TNC 425/TNC 415 BfTNC 407
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4  Programming
4,2 Tocls

Entering tool data in tabies

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

On machines with autematic tocl changers, the tool data must bé stored
in 100l tables. You can edit these tool tables using special, fime-saving
editing functions.

Types of tool tables

Tool tabte TOOL.T is
* used for machining
s edited in a program run mode of operation

All other tool tables are

» used fortest runs and archiving )
* gdited in the PROGRAMMING AND EDITING mode of operation

@ If you copy a tool table inte TOOL.T for a program run, the old TOOLT will be overwritten.

Editing functions for tool tables

. The following functions help vou 10 create and edit tool tables:

Function Key / Soft key

* Mave the highlight n

+ (3¢ 10 the beginning/end of BEG IN EMD
the table TABLE TRBLE

_ PAGE | PAGE

* (o 10 the next/pravious ﬂ ﬁ
tabie page

+ Go to the beginning of the NEXT
next line LINE

» Look for the tool name in E ﬁégE
the ool tabie NOME
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4 Programming

4.2 Tools

To adit the tool table TOOLT:

or

'3 rmog m RUN JFUL .ISEQ[ ]EN @

TOOL
TRABLE

Select the tool table TCOL.T

i

[OFF]~ on

EOIT

Switch the EDIT soft key to ON

To edit any tool table other than TOOL.T:

Call the file directory

SHOW

Shift the soft-key row and show file type . T

o

Sefett the tool table.

r— it S — i . . . . — A T il Wt e — — —— S S S S SR AR i S — —

Enter a new file name and create a new table.

TNC 425/TNC 415 BfTNC 407
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Programming

4.2 Tools

Tool data in tables

The fallowing information can be entered in 100l
tables:

* Tool radius and tool length: B, L

s Curvature radiug of the 100! point for three-
dimensional tool compensation: R2
For graphic display of machining with a spherical
cutter, enter RZ2 = R

s Qversizes (delta values) for too! radii and tool
lengths: DR, DR2, DL

* Tool name:; NAME

» Maximum and current tool iife: TIME1, TIMEZ,
CUR.TIME

¢ Number of 2 replacement tool: 8T

* Toollock: TL

* Toot comment: DOC

A general user paremeter (MP7266} defines which
data can be entered in the tool table and in what

-8 -2
R RS
g BB
L] L]
a -
206 5.5
] -a
Bl B
R -
s -
L] -
-2 -2

-B.6a -2.315

KEXT
LINE

:fs::‘aﬁzie EGIT TOOL TABLE
TGOL EARIUS +

.- - - |
e . - . |
& -2 ] -
1 CUTTERY +12.558 -3.75 “R.135
2 ORILLER 258 5.6 -3
3 B T -2
5 - - -2
S LUTTERIA .8 S -C- 155
& -2 -0 -8
7 PILS “1.25 -5 +B.5
B @ -8 +B
] +12.E8 . +3.05
% ~@ L3 -2
11 - -2 «a
12 CUTTERIZ +12.650 +3.75 ~@.125

BEGIN o FRGE PREE

TRALE TRELE 3 )

Fig.4.4;  Left part of the too! table

RRr BN
sequence the data is displayed. s sewmee] SO0T TO0L TRBLE
The sequence of information in the tool table
shown in the illustrations to the right is only one @ e -8 3 P e @
example out of many possibilities. R RS R 5 5Ee0 Ba0R 1265 FINGT O
2 b -A.8% g 423a dkp  LXE
If all the information in a table no longer fits on one ez oy M
screen, this is indicated with >> or << in the line S -8 915 <RSI5  t 560 £83Y 278 ROVEM
with the table name. T - - s o @
T -1 2 ~2.081 b agR 8im B4z
B = -2 -a ] ] -]
a 2.8 +2 +E.BP1E L #5A BEA 136 T
i@ -8 -5 =g L] ]
1 =8 - - [] ]
12 -B.68 ] +Q-A2 E 394 /m ME FIND LoRss
BEGIN o PAGE PRGE NEXT
TABLE IRBLE ﬂ. LINE
Fig. 49  Right part of the tool table
To read-out or read-in a tocl table:
Select external data input/output directly from the table.
Read-out the table.
TRANSFER Read-in the table {only possible if EDIT ON is seiectad).
[Ny EXT)
—_—
See also page 9-2.
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42 Tools

Abbreviation Input Dialog
T Number by which the tool is calied in the program -
NAME Number by which the too! is called in the program TOOL NAME 7
{only for conversational programming)
L Value for tool length compensation TOOL LENGTHL ?
R Tool radius R TOOL RADIUS R ?
R2 Tool radius R2, for toroid cutter TOOL RADIUS 27
bL Delta value for tool length TOOL LENGTH QOVERSIZE ¥
DR Delta value for tool radius B TOOL RADIUS OVERSIZE ?
DR2 Deita value for tool radius B2 TOOL RADIUS QVERSIZE 2 ?
{onky for conversational programmingt
TL Tool Lock TOOL INHIBITED
) YES=ENT/MNO=NDENT
RT Nurnber ot a Replacement Tool, if available ALTERNATE TOOL ?
{see also TIME2)
TiME1 Maximum tool fife in minutes: MAXIMUM TOOL LIFE ?
The meaning of this information can vary depending on
the individual machine tool. Your machine manual
provides more inforrnatiop on TIMET.
TIMEZ Maximum tool life in minutes during TOOL CALE: MAX. TOOL LIFE FOR TOOL
if the current too! fife exceeds this value, the TNC CALL ?
changes the tooi during the next TOOL CALL (see also
CUR.TIME) _
CUR.TIME Time in minutes that the tool has been in use: CURBENT TOOL LIFE ?
The TNC automatically counts the current tool life.
A starting value can be entered for used tools.
poc Comment on tool (up 10 16 characters) TOOL DESCRIPTION
Fig. 4.8:  infermation in tooi tables

TNC 425/TNC 415 BfTNC 407
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42 Tools

Pocket table for tool changer

The TOOL_P tabie (for tool pocket) is programmed
in @ program run cperating mode.

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

Like the tool tablé, a pocket table can also be read-in
and read-out directly through the data interface {see
page 4-10),

ECIT T0OL TRBLE o aniE
POCKET LOCKED YES=ENT/NO=NJENT

F 211919311

5 711918981
A -]
=11951081

L RDRDRE0R

i 8 F Zt1e18811
H11BTI8

T
o
5 LU

.

ACTL. ] +12,758 Y -5.278
' 2 +185.088 U +45,801
M -239.987
T B Ee H 65/9
= [ T]7 [Blesls]a
Fig. £7:  Pocket tabie for the tool changer
To select the pocket table:
's - ™
TODL Select too! table,
TRBLE )
i ¥,
s
POCKET Select pocket table.
TABLE
. of g
EDIT Set the EDIT soft key to ON.
BEE - ON
To edit the pocket table:
Abbreviation Input Dialog
P Pocket number of the tool -
T Too! number TOOL NUMBER
F Fixed 100! number. The tool is always returned 1o the FIXED POCKET
same pocket. ’ YES = ENT / NO = NOENT
L Locked pocket POCKET LOCKED
YES = ENT/NO = NOENT
ST Special Tool with large radius requiring severzal pockets SPECIAL TOOL
in the tool magazine. Enter the number of pockets to be .
tocked in front of and behind the spacial tool.
PLC information on this tool that shouid be sent to the PLC PLC STATUS
412 TNC 425/TNC 415 B/TNC 407



4 Programming

4.2 Tools

Calling tool data

The following data can be prograrmmed in the NC block with T:

* Toot number, Q parameter
s \Working plane with G17/G18 or G182
* Spindle speed S

To call tool data:

2 L’I‘OOLNUMBER"

block, for example 5.

g Enter the number of the too! as defined in the tool table orina G99

g

Select the spindle axis Z,

@ Ba a Enter the spindle spaed, e.g. 5=500 rpm.

Resuiting NC block: T5 G17 5500

Tool pre-selaection with tool tables

If you are using tool tables, G51 pre-selects the néx‘t twol. Enter the tool
number or a corresponding Q parameter.

Tool change

Automatic tool chanée

if your machine has automatic tool changing capability, the TNC controls
the replacement of the inserted tool by another from the tool magazine.
- The program run is not interrupted.

Manual tool change

Te 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 controf, if deswed}
Interrupt program run (see page 3-5)

Change the tool

Continue the program run {see page 3-6)

.- ¥ 0
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4 Programming
42 Tools

Taool change position

A tool change position must be located next to or above the workpiece
where no collisions are possible. With the miscellaneous functions M91
and M92 (see page B-39) you can enter machine-referenced (rather than
wvorkpiece-referenced} coardinates for the tool change position.

If TO is programmed before the first tool call, the TNC moves the tool
spindle in the-tool axis 1o a position that is independent of the toal length.

@ I & positive length compansation was in effent before TQ, the clearance to the workpiece is reduced.

Automatic tool change: M101

Standard behavior - without M101

VWhen the tool reaches the maximum tool life {TIMET), the TNC interrupts
program run (depending on the particular machineg).

Automatic tool change -~ with M101

The TNC autamatically changes the tool if the tool fife (TIME1 or TIR4EZ)
expires during program run.

Duration of effect
M1017 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
criging| tool. If the radii are not equal, the TNC displays an error message
and does not replace the tool.

4-14 TNC 425{TNC 415 BfTNC 407



4  Programming

4.3 Tool Compensation Values

For each tool, the TNC offsets the spindle path in
the toof axis by the compensation value for the tool
length and in the working plane by the compensa-
tion value for the tool radius,

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

- Effect of tool compensation values
Tool length

Length compensation becomes effective automatically as soon as a tool is
called and the 100! axis moves.

Length compensation is cancelied by calling a tool with iength L = Q.
If-a posftwé length con-i.;')énsﬁtlon was ac'tx'\.'ré:beforé-gé[. TO Waé ca—lted rhe distance to {hé wbrkbiéce will be _
reduced. With a G81 movement in the tool &xds after atool call with T, the length difference hetween the previous
tnol and the new toof will be ‘traversed 1] addltionto the programmed value

Toal 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 block
with G490,

Tool radius compensation
A tool movement ¢an be programned;
+ Without radius compensation (340}

* \With radius compensation (G471 or G42)
* Ag paraxial movernents (G43 or G44)

Fig. 4.8:  Prograrnmed contour {— , +) and the path of the tool |
center &—=)

TNC 425/TNC 415 B/TNC 407 _ - 415



4 Programrning

43 Tool Compensation Vaives

Movement without radius compensation: G40

The tool center moves to the programmed coordi-
nates.

Applications:

» Drilling and boring
* Pre-pasitioning

Fig.4.10:  These driliing positions are enteret without radius
compensation

Tool movement with radius compensation: G41, G42

The tool center moves 1o the left (G41) or right (G42) of the programmed
eontour at a distance equal to the radius. “Left” and "right” are to be
understood as based on the direction of 100! movernent, assuming 2
stationary workpiece.

Y‘ - G

Fig.4.11:  The tool moves to the left {G41) or right (G42) of the path during rilling

1820077 pensatons yolr Prust: progra A atleastmablock
wﬁz G4@} F!‘adlus compensahon does netoome mto eﬁfect untll tha

B

Shortening or lengthening single-axis movements: G43, G44

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

Applications:

s Single-axis machining
» Occasionaily for pre-positioning the tool, such as for cycle G47 SLOT
MILLING.
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4 Programming

4.3 Tool Compensation Values

Machining corners
Cutside corners

The TNC moves the tool in'a transitional arg
around outside corners. The tool “rolls around”
the corner point,

if necessary, the feed rate F is sutomatically 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

i “can"mﬂuenca the machmmg of outsnde comers wn‘h MQU 2

i vou are- workmg wrthout radrué compensaﬁen,'
{see page 5-36) c

inside corners

The TNC caleulates the intersection of the tool
center paths at inside corners. From this point
i1 then starts the next contour element. This
prevents damage to the workpiece.

The permissible tool radius, therefore, is limited by
the geornetry of the programmed contour.

Fig. 4.13:  Tool path for inside comers

TNC 425/TNC 415 BfTNC 407 417



4 Programming

4.4 Program Initiation

Defining the blank form

If you wish to use the TNC’s graphic workpiece simulation you rmust first
define a rectangular workpiece blank. Its sides lie parallel to the X, Yand Z Y
axes and can be up to 30,000 mm long.

ZA

MAX

The diaiog for defining the blank form starts automatically at every pro-
grarn infiiation. It 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 iengths 'i'n‘ust be iess than 200:1.

MIN and MAX points
The biank form is defined by two of its corner points:

+« MIN point: smallest X, Y and Z coordinates of the blank form, entered
as absoiute values.

+ MAX point: jargest X, Y and Z coordinates of the blank forrn, entered
as absolute or incrernental values.

4-18 TNC 425/TNC 415 B/TNC 407



4 Frogramming

44  Program Initiation

To create a new part program:

|

[Seiect any file of type ., for example OLD .| ' )
-

FILENAME=0LD-I Sl L e e
@@ Ernter the name of the new file, for example NEWV .|
g

Select the file directory }

.

Indicate whether the dimensions will be entered in millimeters (5371)
or inches (G70}

- @ function for input of the MIN point

Cefine the tool axis: G17 means Z-axis

Enter, in sequence, the X, Y and Z coordinates of the MIN points, and
conclude the bidck with END

G function for input of the MAX point

Entry as absolute value or

as incrermentai value

Enter, in sequence, the X, Y and Z ¢oordinates of the MAX peint, and
conciude the block with END

TNC 425/TNC 415 B/TNC 407 _ . 418
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Programming

4.4 Program Initiation

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

{'_,q;;fggw;gn*;_;_ et

Block 1: Prograrm begin, name, dimensional unit

-

[- NIOGHGITXMYe0Z-40% [ o

Block 2: Tool axis. MIN point coordinates

{ 'N20 G31.G90 X+100 Y+100 Z+0 % -

Block 3: MAX point coordinates -

(Comsurewens

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 Tool-Related Data

Besides the toof data and compensation, you must
also enter the foilowing information:

* FeedrateF
+ Spindle speed S
* Miscellaneous functions M

The tookrelated data can be determinad with the
aid of diagrams {see page 11-20}.

Fig. 4.15: Fead rate F and spindie speed S of the tool

Feedrate F
The feed rate is the speed {in milimeters per minute or inches per minutel
at which the tool center moves.

Input range: -
F = 0 to 30,000 mm/min or 1181 ipm (TNC 425: 300,000 mm/min or
11.811ipmn).

The maximum feed rate is set individually for each axis by means of
machire parameters.

Input

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

Rapid fraverse .
Rapid traverse is programmed directly with G0O.

Duration of feed rate F

A feed rate entered as a nurmnerical value remains in effect urdil the control
encounters a 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 nurnerical
value.

Changing the feed rate F

You can adjust the feed rate with the override knob on the TNC keyboard
{see page 2-H).

TNC 425/TNC 4715 B/TNC 407 ' 421



4 Programming

4.5 Entering Tool-Related Data

Spindle speed S

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

Input range: -
5 = 0 1o 89,999 rpm

To change the spindle speed S in the part program:

) ag. n na Enter the spindle speed $, for example 1000 rpm
8

Resufting NC block: T1 G17 51000

To adjust the spindle speed S during program run:

On rnachines with stepless spindie drives, the spindle speed S can be
varied with the override knob

4-22 TNC 425/TNC 415 B/TNC 407



4 Programming

4.6 Entering Miscellaneous Functions'and Program Stop

The M functions (M for miscellaneous) affect:

s Program run
* 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 itis
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 functrons are not eﬁectw*e on ceﬁam machmes The machm;a-tool burlder may a!so add some of-
hxs own M functlons o

A pragram run of tast run wilt be interrupted when it reaches a hlock
containing G38.

If you wish to interrupt the program run or test run for a certain length of
time, use the cycle G04: DWELL TIME {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 a part program. Instead of reading the actual
position values and entering them with the numeric
keypad, you can simply press the "sciual position
capture” key (see illustration at right). You can use Y
this feature to enter, for example, the tool length.

Fig.4.16:  Storing the actual position in the TNC

To capture the actual position:

Select or create the program biock in which you wish 10 enter the actual
position of the tool.

~~
8. @ Select the axis in which you wish to capture a coordinate,

L for example X.

~~
{ .

a Transfer the actual position coordinate to the program. : }
4 ;

~
( 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 will skip thern during
a program of test run whenever the block skip option is active {see

page 3-10;.

To mark a block:

[ Select the desired block. . ]
e

{ Mark the beginning of the block with a siash. ]

TNC 425/TNC 416 B/TNC 407 4-25



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). ¥ you wish to edit
other types of files with the text editor, you must first convert them (see

page 1-31).

The typewwiter-style keybeard provides letters, symbels 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 fingd, delete, copy and insert

ietters, wards, sactions of text (text biocks), or entire files.

To create a text file:

Showr text files {type .A files).

ENT

b

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

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

PROERAMMINE RND EDITINE

THI% IS5 A TEWT FILE...

EN THE TEWT FILE ¥0u MAY

* FILE: Mame of the current text fiie

+ LINE: Line in which the cursor is
presently located

« COLUMN; Celumn in which the cursor is
presently located

+ INSERT: Insert new text, pushing the

exisiing text to the right

OVERWRITE: Write over the existing text,

erasing it where it is replaced
with the new téxi.

You can toggle hetween the INSERT and OVER-

WRITE modes with the soft key at the far left. The

selecied mode is shown enclosed in a frame,

- RECORT TEET RESIR.TS

- CRCUMENT gk ENG PROCEIMRES
- ST0RE FORMICAS AT TRELES

- WRITE MESSREES

+ RECORD MRCHINE PRRANE TERS

ETo.

(]
(TN | Mo MO PAEE PREE
UORD Ji.o ﬁ
JVERELEITE b3 (34

BEGIK

END
TE®T

F 1D

Fig. 4.17:  TNC text editor screen

4.26
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4 Programemning

4.3 TextFiles

Entering text

The ext 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 1o the right WORD
>>
MOVE
* Move one word to the left “2?0
PAGE
* (Go 10 the next screen page ﬂ
PAGE
s (o 1o the previous screen psge ﬂ
o BEGIN
» Go to beginning of file TEXT
] END
» 5o 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

» Begin a new line
» Erase character to left of cursor (backspace)}

» |nsert a blank space

) (6

Exercise:

Write the following text in the file ABC.A. You will
need it for the exercises in the next few pages.

2% JORS ##*
1t IMPORTANT:

MACHINE THE CAMS {(ASK THE BOSS?1}
PROGRAM 1375.H; 80% OK
BY LUNCH

TOOLS

TGOL 1 DO NOT USE

TOOL 2 CHECK
REPLACEMENT TOOL: TOOL 3

SIWGLE BLOBK

oo el | PROGRAMMINE AND EDITING

- -]
— JR5 wew
B {MPORTANT:

MRCHINE THE CAMS (RSK THE BOSS?!)
PRUGRAM 1375.H: BRZ 0X
BY LumcH

TOOLS

TOOL i B0 WOT uSE

THIL 2 CHEGK
REFLACEMENT TOOL: TROL 3
|

CEMDD

— PRGE PAGE
HOVE :gg E ﬂ REGIR o0 Fren
Ty %< =4 EXT

Fig. 418 Text editor screen with exercise text

TNC 425/TNC 415 BfTNC 407
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4  Pregramming
4.9 TextFiles

Finding text sections

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

Rl

Finding the current word

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

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

[ Move the curser 1o the word TOOL.

F ]

Select the search function.

FIND Search for the current word (TOOL).

CURRENT
WORE
To find any text:
r ™

Select the search function.

FIND

-

Find the text.
EXECUTE

To leave the search function:

Terminate the search function.

END

428 , TNC 426/TNC 415 B/TNC 407



4  Programming

48 Text Files

To erase and insert characters, words and lines:

or Shift the soft-key row. J ,
et _

DELETE DELETE
CHAR WORD

DELETE
LINE

RESTORE
LINE-WJCRD

Move the curser to the text that you wish 1o erase, or to the place where
you wigh 10 ingsert text. i

Function Soft key
DELETE

» Delete a character CHER

, DELETE
» Delete and temporarily store a word LARD

] ] BELETE
* Delete and temporarily store a line LINE

. RESTORE

* |nsert 2 linefword from temparary storage L INE~LIORD

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

[ Mave the cursor to any position in the line *** JOBS ***. ]
v
> Shift the soft-key row. ]
v
OELETE Delete the line and store temporarily.
LINE
-
{ Move the cursor to the beginning of the line behind BY LUNCH.
~
H &+ % - X ey
RESTORE Insert the line JOBS at the cursor position.
L INE<YORD

TNC 425/TNC 415 B/TNC 407 4-29
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48 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)

[ < IS B Shift the soft-key row.
i
e e [ - [ DEMALIE ~ Ay e
SELEL! KE MUV INSEK | it dld HPFENL KEHU
INSERT
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 ,
10 the other end. The selected block has a
different color than the rest of the text,
» Delete the selected text and store tempararily REMODVE
BLOCK
* |nsert the termporarily stored text at the cursor INSERT
location BLDCK
* Store marked block temporarily without erasing REMOVE ~
INSERT
RLLOCK
» 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.

asition: READ
) FILE
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49 TextFiles

Exercise:

Move the lgst four ines in the file ABC.A to the beginning of the file, then

copy themn into a new file WZ.A.

¢ Move the text to the beginning of the file:

[ Move the cursor to the T of TOQLS.

~
SELECT Activate the selecting Tunction.
BLOCK
—
v
. Move the cursor 1o the end of the biock.
+
-
EEMQVE Erase the text and store temporarily.
BLOCK
. ~
. Move the cursor to the beginning of the fils.
- ’
p
INSERT Insert the stored text block.
Note: The stored block is inseried above the cursor and may be off
BLOCK screen,

+ Select the text again and copy it into another file:

[ Mark the text black.as described above,

—~~

RAPPEND
TO FILE

Select the function for copying to anather file.

Write the name of the file into which you wish to copy the block,
for examptle WZ.A

Copy into a another fiie. Text block remains marked.

TNC 425/TNC 415 B/TNC 4067
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4.10 Creating Pallet Files

Pailet files are used with machining centers, and contain the following

information:

» Pallet number PAL

+ Part program name  PGM-NAME
+ Datum table DATUM

To edit pallet files:

Call the file directory.

SELFCT SHoU Shift the soft-key row and show .P type pailet files.

Select a pallet file, or enter a new file name 1o create a new file.

", -

To link programs and datum tables:

Enter the name of the datum table for the program.
e

if necessary Create more pallet files.

NEXT
LINE
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410 Creating Pallet Files

The following functions help you 10 create and change paliet tables:

Function

Key / Softkey

= Move the highlight

» 5o to the beginning/end of the
table

* Go 10 the next/previous page
of the table

s Insert/delete the last line in
the table

* (g o the beginning of the next
line :

BEGIN END
TABLE TRBLE
PAGE }// FRGE
INSERT DELETE
LINE LINE

NEXT
LINE

TNC 425/TNC 415 B/TNC 407
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4 Prograrmming

4.11 Adding Comments to the Program

Cornments tan be added 1o the part program in the PROGRAMMING
AND EDITING mode of operation.

Applications:

s Exnlanations of oro
BN

* Adding general notes

[(w]

Adding comments to program blacks

You ¢an add comments 10 a program block immedi- ftean o | PROGRAMHING ANG EBITIN
ately after entering the data by pressing the FUWRLE B | boMMENT?
semicolon key {;) on the alphabetic keyboard. 4 BLK FORY B.2 X+182 Y+188 Z+D
§ TOOL CRALL 12 2 $18BE DL+B.52
. DR-0.85
Input: & cYCL DEF s.e DWELL TIME
» Enter your comment and conclude the biock by 7 CYCL DEF S.1 DUELL 18 ; B
H E-1 LTLL UEF 18.48 LUNIUUK EEURN.
pressing the END key. 8§ CYCL DEF 14.% CONTOUR LABEL 1
1@ CYCL DEF &.8 RDUGH-DUT
To add a comment to & block that has a}rgady been 11 CYCL DEF 5.1 SET up -2
entered, select the block and press a horizontal DEPTH -12.58
arrow key until the sermicelon and the dialog prompt iz CYCL DEF 6.2 PECKE -2.5 F198
appear. ALLOW +B.5
o 12 EYCL DEF 6.3 BNGLE +45 F180
14 G©YCL CALL M3
15 L 2+188 RA F MaX M2

Fig. 4.19: Dialog for entering comments

To enter a comment as a separate block:

i P Y Cdmet = mmanr mlmls Im.; T LTy Py
[ - i ~2L3NL O TIGYY LWLk UF PI b T} IH i ‘)GI AL L I\GY.
t 7 i
Enter your comment with the alphabetic and nurneric keypads.
v
[ pling Ciose the block.

Comments are added behind the entered biocks.

=N

Example

NSO GO0 X+OQ Y10 =

PRE-POSITIONING ........orvereeemerconcaseereens

' [ = W L S R R TN

N80 GO1 G41 F100 # of the block.

A comment is indicated by a semicolon at the beginning

e e
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Feed rate in mm/min on rotary axes A, B, C: M116 .. S 5 41
Supefimpasing handwheel postticning during program run: M1 18 X... Y... Z o 543

Positioning with Manual Data input: System File SMDI...............5-44




5  Programming Tool Movements

5.1 General Information on Programming Tool Movements

Tool movements are always programmed as
if the tool moves and the workpiece remains
stationary.

Be?ore runnm,g :erpartprogm_

e ———caa P

Example NC bfock N30 GGO G40 GQO Z+100 *

Path functions

. . X
Each elerent of the workpiece contour is entered ‘
separately using path functions.
You enter:

+ Straight lines
¢ Circular arcs

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

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

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

Fig. 5.2: Contour elements are programmed and execuied in sequence
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5 Programming Tool Movements

B.1 . General Information on Programming Tool Movements

Subprograms and program section repeats

I}‘ & machining sequence occurs several times in a program, you £an 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.

Prograrnming variants;

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

* Inserting a machining routine at certain locations in a program
tsubprogramy ’

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

Cycles

Common machining routines are delivered with the control as standard
cycles for;

Peck drilling

Tapping

Slot milling .
Packet and island milling

* # 5 &

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

& Datum shift

* Mirroring

* Basic rotation

» Enlarging and reducing

Parametric programming

Instead of programming numerical values, you enter markers called
parameters which are defined through mathematical functions or logical
comparisons. You can use pararmetric programming for:

Conditional and unconditional jumps

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

Transferring values to and from memory

The following mathematical functions are available:
Assign

Addition/Subtraction

Multiplication/Division

Angle measurernent/Trigonometry

among cthers.

TNC 425/TNC 415 BfTNC 407



5 Programming Tool Movemnents

5.2 Contour Approach and Departure

)

A convenient way t0 approach or depart the workpiece is on an are which is tangential to the contour. This is camried

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 starting point must be:

* Aporoachable without ¢collision

s Near the first contour point

» Located in relation to the workpiece such that no contour damage
occurs when the contour is approached.

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

First contour point

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

Approaching the starting point in the spindle axis

When the starting point &) is approached, the. spindie axis is moved to
warking depth.

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

Example: GOOG40 X..Y.. Pasitioning X/Y
Z-10 Positioning Z

Fig. 5.3

Starting point (§) of machining

Fig. 5.4:  First contour point for machining
i~
o
N
LT by
By B
i Farl
;‘ u:”: ey ;.
N:Vr' A :: £
'Maray 1) wl
g ‘
@-3‘
Fig.5.5: Separate movemnent of the spindle

when there is danger of collision

TNC 425/TNC 415 B/TNC 407



5  Programming Tool Movernents

5.2 Contour Approach and Departure

End point
Sirnifar requirements hald for the end point;

¢ Can be approached without collision
* MNear the iast contour point
= Awvoids tool damage

The ideal location for the end paint €} is again in the extension of the taol
nath outside of the shaded area, it is approached without radius
compernsation.

Departure from an end point in the spindle axis

The spindie axis is moved separately.

Example: GOOG40 X..Y..
Z+80

Approach end point
Retract tool

Common starting and end point

Qutside of the shaded areas in the illustrations, it is possible to define a
single point as both the starting and end point &g).

The ideal location for the stanting and end point is exactly between the
extensions of the ol paths for machining the first and last contour
elements.

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

Fig.5.6: End poirt (E) for machining
A
1 L}
1 '
1 1
1 ¥
Vey
o
;I:V;}I
&dg
&=
Retract spindie axis separately

Fig. 5.7 :

Ty

/f////ﬂ/z
e
7

Fig. 5.8:

_Comrnon starting and end point
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5  Prograrmming Teol Movements

52 Contour Approach and Departure

Tangential approach and departure

The tool approaches the contour on & tangential arc with G28, and departs
it with G27. This prevents dwell marks.

Starting point and end point

Starting point & and end point ® of the machining seguence are off the
workpiece near the first or last contour element.

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

Input

» For the approach path, G26 is programmed after the biock contzining
the first contour point {the first block with radius compensation G41/ Fig. 59 Soft contour approach
G42).

* For the departure path, G27 is programmed after the block containing
the last contour point (the last block with radius compensation G471/

o
o

G42).
Fig. 5.10:  Soft contour departure
Program structure
: |
GOO GAD GADX .. Y s cevvevencrrmessnsssssenrsssrosesennnenn- STAtING poOINt (§)
GO1 G4 X .Y ol F3B0 recvsiininssniisnessesrenenenn: FiFSE CORTOUN point &)
LT = U PUOPOUOPUOROUROPPUNNR v | - 4. u] {or- #14]

Contour elements

... Last contour point @
Soft departure
End point ©
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5 Programming Too! Movaments

5.3 Path Functions

General information

Part program input

You create a part program by entering the workpiece dimensions.
Coordinates are programmed as absolute vaiues (G90) or relative values
(91).

in generai, you program the coordinates of the end point of the contour
glement.

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

Machine axis movement under program control

Ali axes programmed in a single biock are moved simultaneously.

Paraxial movement ZA
The tool moves in a path paralle! to the programmed ads. G00_X +100
Number of axes prograrmmed in the block: 1

Fig.5.11:  Paraxial movernent

Movement in the main planes ZA

The toct moves to the pragrammed position on & straight line or circular
arc in a plane.

Number of axes programmed in the block: 2

[G60_X+70_Y +50]

Fig. 5.12:  Movement in a main piang XY}
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5 Programming Tool Movements
5.2 Path Functions

Movement of three machine axes (3D movement)

ZA

The teol moves in a straight line to the pri ed ition.
3 ight li programmed positicn iGﬁI X+80-Y0_§-1ﬂ

Number of axes programmed in the block: 3

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

Entering more than three coordinates
(not TNC 407)

The TNC can control up to five axes simutaneously
{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-tool
milling)

* Faster machining

* Better surface definition

Fig.3.14: Exampie of simuitaneous movement of more than three
axes: machining a 3D surface with an and mili

/"!?."‘\

M

1

Input exampie:

G071 G40 X+20 Y+10 Z+2 A+15 C+6 F100 M3 Fig.5.15:  Inciined-toot machining
{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.
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5  Programming Tool Movements

5.3 Path Functions

Overview of path functions

Function

in Gartesian
coordinates

input

in polar
coordinates

Straight line at rapid traverse

Straight line at programmed feed rate

G0O
Go1

G10
G11

Chamfer with length R,

A chamfer is inserted between two straight lines.

G24

1.).X generates no movement.

Circle center — also the pole for polar coordinates.

I.J. K

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

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

G2
<03

G12
G13

Circular movement without direction of rotation.

circular moverment G02/G12 or G03/G13.

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

GO&

G15

Circular movement with tangential connection.

program med.

An arc with tangential transition is inserted into the preceding
contour element. Only the end peint of the arc has to be

G0&

G16

Corner rounding with radius R.

contour elements.

An arc with tangential transitions is inserted between two

G525

TNC 425/TNC 415 BTNC 407
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5 Prograrnming Tocl Movements

5.4 Path Contours - Car_tesian Coordinates

G00: Straight line with rapid traverse

G01: Straight line with feed rate F ...
To program a straight line, you enter:

» The coordinates of the end point § of the straight line
s |f necessary: ®
radius compensation, feed rate, miscellaneous function

The tool moves in a straight line from its current position 1o the end point
(. The starting position (§) is approached in the preceding block. @

Fig. 5.16:  Lingar movement

To program a straight line:

a m Straight line with rapid traverse
v -

It Recessary Specify as relative coordinate, for exampie G91 X~50 mm
€ o)
@ . Select the axis {orange-colored axis key}, for exarnple X
n Enter the coordinaies of the end point
i necessary For negative coordinates, press the +/~ key once, e.g. X = -850 mm
i+
Enter all further coordinates of the end point
. -
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5  Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

The TNC moves the 100l with radius cormnpensation ieft of the
programmed contour.

o — e iy — — r— —————— — N ——— N i T U W TE T —— N Y TE —— S W —

The TNC moves the tool with radius compensation right of the
programmed Contour.

The TNC moves the 100l center directly to the end point.

Emer miscellanecus function, for exampie M3 {spindie on, clockwise
L rotation).
y
e When ali coordinates have been entered, conciude the block with END. J

Resuiting NC block: N25 GO0 G42 G91 X+50 GO0 Y+10 Z-20 M3 *
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&  Programming Tool Moverments

54 Path Contours - Cartesian Coordinates

Example for exercise: Milling a rectangie

- h s ™y

Coordinates of the corner points:

| ZA
a X= 5mm Y= 5mm
@ X= Emm . Y=85mm
) X= 956 mm Y = 95 mm
@ X=95mm Y= S5mm

Milling depth: Z=-10mm

Part program

SBIZEGTT ¥ e, BEQIN the program. Program name S5121,
dimensions in milimeters
N10G30 G17 X+0 Y+0 Z=20 *

N20 G531 GO0 X+100 Y4100 Z+0 * ........................ Define blank form for graphic workpiece simuiation

(MIN and MAX point)
N3CGIO T L+OR+8 * i, Define 100] in the program
NG T1 G17 S2500 * .o Call rool in the infeed axis Z (G17);

Spindle speed S = 2500 rpm
N50 GO0 G40 GE0 Z+100 MOB * ............cooreirevneennn, RETACT in the infeed axis: rapid traverse; miscelianeous

" function for toal change

NBO X=TOY=10%* oot vesians Pre-position near the first contour point
N70 Z-10 MO3 * st PIE-POSItION in the infeed axis, spindle ON
N8O GO GAT X5 Y45 F150 * oo Move to (I with radius compensation
NOO YO8 % e erera e e .. Move to corner point )
NTG0 X495 * et nere s .- Move to corner point (3)
N110 Y4B *. Move to corner point (2)
N120 X+5 * seeeorerneensnenensnn e MOVE 10 CONer point (3), end of machining
N130 GOO G40 X-10 Y-1 0 MOE . Depart the contour, cancel radius compensation, spindle STOP
N140 Z+100 MO02 *. .. Retract in the infeed axis, spindle OFF, coolant OFF,

program stop, return 1o block 1
N99893 2685121 G71 * eevreccnccmennaneeees ENA OF program

\ A
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5  Programming Tool Movements

5.4 Path Contours = Cartesian Coordinates

G24: Chamfer

The chamfer function enables you to cut off comers at the intersection of
o straight lines.

II@

Fig.5.17: Chamfer from () 1o (@)

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

Prerequisites

+ The radius compensation before and after the chamfer biock must be
the same

* An inside chamfer must be large encugh to accommeodate the current
ool

Fig. 8.18: Tool radius too large

To program a chamfer:

-

u ' Select the chamfer function.
L . ) S
s : -

Lo

5 {=° Enter the length 1o be removed from each side of the corner, for
L . exarmple 5 mm. .

Resuiting NC block: G24 R5*
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5 Programming Tool Movarments

54 Path Contours — Cartesian Coordinates

Example for exercise: Chamfering a comer

NEO X-10Y-5*
N70 Z-15 M03 *

N100 G24 R10 *
N110 Y+i00 *

N130 Z+100 M02 *

Coordinates of the ZA
corner point: (E) X = S5mm
Y = 5mm
Length of chamfer: CHF = 10mm
Tool radius; R = +10mm
Milling depth: Z = -15mm
Part p'rogram ’
%S514f G71 * rrernrernersnperesnsrnennnenes SE@IN the program
N10 G30 G17 X+0 Y+0 2-20 5 wmrrrrirerer e YWOTKpiece blank MIN point
NZ20 G31 GO X+100 Y+100 Z0 * voovorrroomororr Workpiece blank MAX point
N30 GG T L+B R+10 ® et msiscssreonins Define the tool
N40 T5 G17 $2000 * ... Call the tool

N50 GO0 G40 G80 Z+100 06 * .

rrrre et eenns e srenniens s e meeeeeene. ETE=POSItiON in the working piane
erreeraesreeeese e MIOWE 100! 10 Working depth, move spindie to
NS0 GO1 G42 X+5 Y+5 F200 *

weeeen INSEIL chamfer with length 10mm
rerirenrrnoresnerssanereenenens SECONG Straight line for corner E
N120 GO0 G40 X+1 1DY+110 F e reraens
rvrrranrreeesneseesmemneanenees e eeenesennees ETTACT I the infeed axis
N99929 %55141 G71 *

Retract and insert tool

contour with radius compensation at rnachlmng
feed rate
First straight line for cormer E

Depart the contour, cancel radius compensation

514
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S Programming Too! Movements

5.4 Path Coniours - Cartesian Coordinates

Circles and circular arcs

i—!ere the TNC moves two axes simultaneously in a
circular path refative to the workpiece,

Fig. 5.19:  Circular arc and circie center

Circle center ], J, K

You can define the circle center for circular move-
ment.

A circle center also serves as refarence (pole} for
poiar coordinates.

Fig. 5.20: Circle center coordinates

Direction of rotation

When & circudar path has no tangential transition to
another contour element, enter the mathematical
direction of rotation:

» Clockwise direction of rotation is matheratically
negative: GO2

+« Counterclockwise direction of rotation is
mathematically positive: G03

Fig. 5.21: Direction of rotation for circular rmoverment

THC 425/TNC 415 BfINC 407 515



5 Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

Radius compensation in circular paths

You cannot begin radius compensation in a cirele block — it must be
activated beforehand in a line block,

Circles in the main planes

When you program a circle, 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 {T).
z XY Gi7 [J
Y X 18 Ki
X YZ G189 JK

Fig. 5.22: Defining the spindle axis also defines the main piane

@ You can program circles that do not fie paraliel to a main plane by using Q parameters {see chapter 7).

Circle center |, J, K

For arcs programmed with G02/G03/GOE, it is necessary 1o define the
gircle center. This is done in the following ways: Y ‘

= Entering the Cartesian coordinates of the circle center e
* Using the circie center defined in an earlier block )
* Capturing the actual position J - i 4+

If G2 is programmed, the last programmed position is automatically used
as the circie center or pole. -

Fig. 5.23: Circle center |, J

Duration of circle center definition

A circle center definition remains in effect until a new circle center 1s
defined.
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5 Programming Tool Movements

5.4 Path Contours - Cartesian Coordinates

Entering |, J, K incrementally

If you errter the circle center with incremental Y ‘
coordinates, you have programmed it relative to the
iast programmed position of the tool. LT
5 =
G JI
i l ._
X

G911

Fig. 5.24: [ncremental coordinates for a circle center

Rl]_i% * The circle center |, J, K also serves as the pote for polar coordinates.
+ The only effect of I, J, Kis to define a posﬂipn.gé-.a cirele-center— the tool does not move to _the'_.posi‘don.

To program a circle center (pola):

m Select the first circle center designation, for exampie [
a Enter the coordinate, for example | = 20 rmm
Select the second circle center designation, for example J
n Enter the coordinate, for exampie J = -10 mm

Resulfting NC block: 1+20 J-10 *
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5

Pregramming Tool Movernents

54 Path Contours = Cartesian Coorginates

G02/G03/G05: Circular path around I, J, K

Prerequisites

The circle center |, J, K must be previously defined in the program.

The 1ol is at the circie starting point §).

Defining the direction of rotation
Direction of rotation:

= Clockwise G02
* Counterclockwise  (G03
* Mo definition Gos

{the last programmed direction of rotation is used)

Input
#= End paint of the arc

Fig. 5.25:

Ciruler path from &) t0 ©
around [, J

* For a full circle, the end point in the GO2/G03 block should be the same

as the starting point of the contour.

Y
Yi A
©1® ¢

.-

X X
Fig. 5.26: Full circle around I, J with @ Fig.5.27: Coordinates of anarc
502 biock
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5  Programming Tocl Movements

54 Path Contours - Cartesian Coordinates

To program a circular are with G02 around a circle center I, J (direction of rotation = ciockwise):

Circle in Cartesian coordinates, clockwise

(€lo]>
i

(el o] 1]

Enter the first coordinate of the end point in incremental dimensions,
for example, X =5mm

Enter the second coordinate of the end point in absolute dimensions,

for exampie, Y = -5 mm

Cenclude the biock

Further entries, if necessary:

* Hadius compensation
s Feed rate
» Miscellaneous function

Resuiting NC block: GOZ G81 X+5 GO0 Y-6

TNC 425/TNC 415 BfTNC 407
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& Programming Tool Movements

B4 Path Contours — Cartesian Coordingtes

Exercise: Nill a full circle with one block

( Circle center: I = 50 mm [
J = BDmm
ZA

Beginning and end
of the arc: X = B0 mm

Y = 0 mm
Milling depth: Z = -5mm
Tool radius: R = 15 mm

¢ N
Part program
%S5201 G71 * ceemrrerirree e, BEQIN the program
N10 G30 G17 X1 Y+1 2—20 . cersenrereranenmennen. VYOTKDIBCE Dlank MIN point
N20 531 GO0 X+100 Y+100 Z+O F et s e e WYOTKDIECE blBNK MAX point
N3DGOBTEL+O R+15 ™ e, DEfINE The oo
N40 T6 G17 S1500 * JOURUOROVRIUUUPPURTOIN -1 | 11 =B (¢s |
N50 GO0 G40 G90 Z+100 MOS * srtreassena e BELFACE @ND iNSett toot
NGO X+50 Y40 * e ams e e eaeeeeeee. PTESPOSTHON iN the working plane
N70 Z-5 MO3 * e ern et e e e IVIOVE 1001 10 working depth
N8O 1450 J+50 * e e COOTAINETES Of the circle center
NS0 GO1 641 X+5O Y+[} F100 * e S3DOTOACH first contour point with radius compensation at
machining feed rate
N100 626 R10 * e e e e SOTT (tARGENtiall approach
N110 G02 X+50 Y+0 . vrrerersn s WL 8FC Bround circle center 1,J; direction of rotation negative
{clockwise); coordinates of end point X = +850mm, Y = +0

N120G27 R10* e etrremme e s s e SOTT (f@NQENtiEN departure
N130 G00 G40 X+50 Y—-dO *, eererrenneene e e DEPAIT the contour, cancel radius compensation
N140 Z+100 MO2 * ettt een e ereea e seenmrenreanenneenees. RELUIACE in the Infeed axis
NI9299 % S5201 G71 * .
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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 R.

Pefining the direction of rotation R
» Clockwise Go2
+ Counterclockwise G03
+ No definition Go5

{the last programmed direction of rotation is used)

®

Inputs

+« Coordinates of the end point of the arc
« Radius R of the arc

Fig. £.28: Circular path from @ to (B) with
radius R

@ s For a full circle, two GDZ/G03 blocks must be programmed in
succession. o

* The distance from the starting and end-points of the arc cannot
_be greater than the diameter of the circle.

. i j ius is 1 .
The maximum p0§51b!e radius is _00 m. E1=52

S1=E2 -

Fig. 529 Full circle with nwo 502 blocks

Central angle CCA and arc¢ radius R

The starting peint (§) and end point E) on the
contour can be connected with four different arcs
of the same radius. The arcs have different lengths
and curvatures,

b
.‘}

Larger are: CCA>180°
tarc is longer than a semicircle}
input: Radius R with negative sign (R<0).

Smaller arc: CCA<180°
(arc is shorier than & semicircle) i
Input: Radius R with positive sign {R>0). RCT - e

CCA>180° CCA=180°

Fig.5.30:  Arcs with central angles greater than and less than 180°

THC 425/TNC 415 B/TNC 407 B-21



5  Programming Yool Movermnanmts

54 Path Contours - Cartesian Coordinates

Contour curvature and direction of rotation

The direction of rotation determines the type of arc:
» Convex {curving cutward), or

G02 G41 (R<0)

Fig. 8.31: Convex path

s Concave {curving inward]}

G03 G41 (R>0)

Fig.5.32: Concave path

To program a circular arc with a defined radius:

n Circle, Cartesian, clockwise
o

[z] a Enter the coordinates of the arc end point,
for example X =10mm, Y = 2 mm

-

Enter the radius of the are, for example R = 5 mm, and determine the
S size of the arc using the sign [negative in this exampie)

Further entries, if necessary:

# Radius compensation
* Feed rate
* Miscellaneous function

Resulting NC biock: GO2 G471 X+10 Y+2 R-5

522 TNC 425/TNC 415 BTNC 407



5  Programring Tool Movernents

54 Path Contours — Cartesian Coordinates

Example for exercise: Milling a ¢concave semicircle

-

Semicircle radius: R = 50mm
Coordinates of the Z*
arc starting point X =90

Y = 0
Coordinates of the
are end point: X =100 mm

Y = 0
Tool radius: B = 25mm
Miliing depth: Z =-18mm
Part program }
%5623 G71 * .. Begin the program
NTG G306 G17 X+0 Y+0 2-20 * ... Define the werkpiece blank
N20 331 G0 X+100 Y+100 Z+0 ®
N30 G988 Tt L+OR+25 *. ... Define the tool
N40T1 G17 5780 * e ... Call the tool
N50 GO0 G20 G390 Z+1 00 MDG * .. Retract and insert tool
NBD X425 Y-30 *. ... Preposition in the working plane
N70 Z~18 MO3 * aerarensraeararnenne e eence o WIOVE 100! 10 Working depth
N80 G011 G42 X+0 Y+0 F1 00 * ... Approach the contour with radius compensation at

machiring feed rate
NSO GOZ X+100 Y+0 R-50 * ...coeeveeemrereeeesenve e Mill 31G 10 @0d point X = 100mm, Y = 0;
radius = 50mm, direction of rotation negative
NGO GOO GAO X+70 Y=30 * o eereerreicisirassraeree e emene. DEPATE the cortour, cancel radius compensation
NTIOZH100 MOZ * o ccime e eeen . RETTACT 1N the Infeed axis
NO9999 956231 G71 *
523
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5

Programming Tool Movements

5.4 Path Contours — Cartesian Coordinates

G06: Circular path with tangential connection

B

The tool moves on an ar¢ that starts at a tangent
with the previously programmed contour element,

A transition between two contour elements is
tangential when there is no kink or corner at the
intersection between the two contours — the
transition is smooth.

Input
Coordinates of the end point of the are.

Prerequisites

* The contour element to which the arc with G0S
is to tangentially connect must be programmed
directly before the GO6 block,

+ Befora the G06 block there must be at least two
positioning blocks defining the contour element
which tangentially connects 1o the arc.

L ®

[ Ty ey ————— srrraEnmsvsam 3
-

-

L

e -
-

."‘ @

Fig. 5.33: The straight line @ - (5) is connected tangantially to the
cireular are 5 - ©
............................:@ ]
2.~ !
" -~
." @
Fig.5.34: The path of a 1angential ar¢ depends on the preceding

contour elemeant

A tangential are is 3 twodimensional dpeﬁfionf ihe coordinates in the GO6 block and in the positioning block

preceding it must be in the plane of theare. ©

To program a circular path G06 with tangential connection:

#

Circular path with tangential connaction }

(©ols]
—”

Qo]
x 80
&3 -] 1]0

Enter the coordinates of the arc end point in incremeantal dimensions,
for example X = 50 mm, ¥ =-10 mm

Further entries, if necessary:

» Radius compensation
* Feed rate
= Niscellaneous function

Resulting NC block: GOB G42 G91 X+5G Y10 *
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5 Programming Tool Movements

54 Path Contours — Cartesian Coordinates

Example for exercise: Circular arc connecting to a straight line

-

Coordinates of the transition
point from the straight

~

’

ZA

%5528 G71 %

NTO G30 G17 X40 Y0 220 * rorcerrrrrrrrsrrn

N20 G31 GO0 X+100 Y+100 Z+0 *
N30 G99 T12 L-28 R+20 *
N4Q T12 G17 $1000 *

NS0 GOO G40 GO0 Z+100 MOB * ..ervrerr s

NEQ X+30 Y=30 *.
N70 2-15 MO03 *

NS0 X+10Y+40 *

N ey Y+50 s

N110 GO1 X+100 *

N130Z+100 MO2 * .
N9S39S %5525! G71 *

line to the arc: X = 10 mm

Y = 40 mm
Coordinates of the
arc end point: X = B0 mm

Y = 50 mm
Milling depth: Z =-15 mm
Tool radius: R = 20mm

J .

Part program

.. 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 to working depth

N80 G011 G41 X+50 Y+O F1OD * Approach the contour with radius compensation at

machining feed rate

... Straight line 10 which the arc tangentially connects
... Arc 10 end paint X = 50 mm, Y = 50 mm; connects

tangentially to the straight fing in block NS0

eeverear e et eesneenens GOMplete the contour
N120 GO G40 X+130 Y+70 *
et reeere s e RELFECT i the infeed axis

Depart the contour, cancel radius compensation

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

5.4 Path Contours — Cartesian Coordinates

G25: Corner rounding

The tool moves in an &r¢ that is tangentially
connected to both the preceding and following
contour glements.

(G25 15 used to round ¢orners,

Input

s Hadius of the arc
* Feed rate for the arc

Prerequisite
The rounding radius must be large enough 1o
accommodate the tool.

@

Fig. 5.35: Rounding radius R between G1 and G2

blocks; both-coordinates mQﬁtl@'ﬁfn"ihe.:bléne"éfiﬁ?éﬁﬁf-" o

i

Enter the rounding radius, for example R = 10 mm

_ oomEs
g

)
{

Enter the feed rate for corner rounding, for example F = 100 mm/min

Resulting NC block: G25 R 10 F 100

526
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5  Prograrmming Tool Movements

8.4 Path Contours - Cartesian Coordinates

Example for exercise: Rounding a corner
{ N ™
Coordinates of
the comer point: X = 895 mm
Y = 5mm Za
Rounding radius; E = 20 mm
Milting depth: Z =-15mm
Tool radius:; B = 10 mm
Part program

%5527 G71 * ...,
N30 G983 T7 L+OR+10 ™.
N40 T7 G17 31500 *

NBO X-10Y-5~*
N70 Z-15 M03 *

NSD999 %S627| G71 *

N10 G30 G17 X+0 Y20 220 * ...
N20 G371 GI0 X+100 Y+100 Z+0 *

N80 GO1 G42 X-;-O Y+5 i:1 00 X e

N100 GZ5 R20 * e
N110 Y+100 *
N120 GOO G40 X+120 Y+120 *
N130 Z+100 MOZ ¥ o rissn s

... Begin the program
.. Define the workpiece blank

..... Define the tool
wtreren e eneneeeeenneennee e el the ool
N50 GO0 G40 G80 Z+100 MOB *
e PTE-POSItioN in the working plane
... Move the toof to working depth
- Approach the contour with radius compensation at

... Second straight line for the corner
... Depart the contour, cancel radius compensation

Retract and insert tool

machining feed rate

First straight line for the comer

Insert a tangential are with radius R = 20 mm between
the contour elements

Retract in the infeed axis

TNC 425/TNC 415 BfTNC 407
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5 Pregrarmming Tool Movements

5.5 Path Contours - Polar Coordinates

Polar coordinates are useful with:

= Positions on circular arcs

* Workpiece drawing dimensions in degrees

Polar coordinstes are explained in detail in the
section “Fundamentals of NC” {page 1-11}

Polar coordinate origin: Pole 1, J, K

The pole can be defined anywhere in the program before blocks Y“
containing polar coordinates. Similar 1o a eircle center, the pole is defined
inan [, J, K block using is coordinates in the Cartesian coordinate
system. The pole remains in effect until a new pole is defined. The

designeation of the pole depends on the working plane: J ¢f’ol

Working plane Pole
Xy lJ
YZ J, K
ZX K, |

Fig. 5.36: The pole is the same as a circle
center

G10: Straight line with rapid traverse

G11: Straight fine 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 1o R is clockwise: H<0

Yi

Fig.5.37: Contour consisting of straight
lines with polar coordinates

Straight line in polar coordinates with rapid traverse

@ 1]o)
il

Enter radius R from pole 1o end point of line there, R = 5 mm)

Hao

Enter angle H from angle reference axis to R there, H = 307}

Resutting NC block: G10 R5 H30 *

528
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5  Programming Tool Movements

5.5 Path Contours - Poiar Coordinates

Practice exercise: Milling a hexagon

Corner point coordinates:

= 180° = 45 mm

= 120° = 45 mm

= B0° = 45 mm

= o 45 mm

300° = 45 mm

eblebl

TITiIT|xT{T|

miDILB || 0|0
Il

240° = 45 mm

Milling depth: ~10 mm

N
i}

Tool radius; = 5mm

Z4

Part program

%S530! G71 * .........

N20 G31 GE0 X+100 Y4100 Z+0 *_
N4O T1 G17 S3200 * ..........

NEO [+50 J+50 * ..o

N8O Z-10 MO3 * ...
N10O H+120 *.cern

N150 H+180 * .......

N9993g %Sh30[ G71 *

v e aresename e, BEGIN PTOGRAM
NI0OG30GT7X+0 Y40 Z-20 % oo
N3G TT L0 RaT7 ™ e
FOTOUIPTONUUPE & | {(1=% (o'’
NED GO0 G40 GE0 Z+100 MOB * ..o
- SOOPUSUSURUNSRE =1 o ¢ o -3

N7O0GIOR+7Q H=190 * ...
frat e e (VIOVE 1001 10 Working dapth
N90O G11 G471 R+45 H+180 F100 * ..
et srar e e e eeee. IVIOVE 10 CONTOUP pOINT 2

NI120 GB1 H=BO ¥ v e e e
NI30GOOH-BO ™ e
cemers s rass e enabe e e aenennn. IVIOVE 1O CONTOUr point §
N160 G10 G0 B+70 H+H170 ™ e irreeeeareacnnnns
NIZOZ+T00 MOZ ™ oicveere st e e s avaeana e

Define the warkpiace blank
Define the tool
Retract and insert tool

Pre-position in the working plane with polar
coordinates

Move to contour point 1

Move to contour point 3

Move to contour peoint 4, incremental dimensions
Move to contour point 5, absolute dimensions
Move to contour point &

Depart contour, cancel radius compensation
Retract in the infeed axis

TNC 425/TNC 415 B/TNC 407
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5

Programming Tool Movements

5.5 Path Contours - Polar Coordinates

G12/G13/G15: Circular path around pole |, J, K

The polar coordinate radiug is also the radius of the ar¢. It is defined by the
distance from the starting point (8} ¢ the pole.

Input

» Polar coordinate angle H for the end point of the arc

Defining the direction of rotation

Direction of rotation

* Clockwise G12
= (ounterciockwise G13
« No definition Gis

{the last programred direction of rotation is used)

Fig. 5.38: Circular path around z pole

Circle, polar coordinates, clockwise

-~

Enter angle H for the end point of the arc (herg, H = 30°)

Confirm entry

Further entries, if necessary:
Radius compensation R
Feed rate F

Miscellaneous funciion M

Resufting NC block: G12 H30 *

530
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5  Prograrmming Too! Movements

5.5 Path Contours — Polar Coordinates

Practice exercise: Milling a full circle

TNC 425/TNC 415 BfTNC 407

Circle center
coordinates: X = 50mm ZA
Y = B0 mm

Radius: R = 50mm

Miliing depth: Z = -5mm

Tool radius: R = 15 mm

. J

Part program

%S5321G7 * rrremrer s s e res s reensennenenenen DEQIHN ThE Program

N10 G30 G17 )(+0 Y+0 Z—20 * erreirsraesaeesssemsemmnnte e naennaones. ET € the workpiece blank

N20 531 G90 X+100 Y+100 Z+0 s

N30 G99 T25 L+0 R+15 *. S «eeere Defing the tool

N4Q T25 317 51500 * rermrresssiinsssessnsessiasssassenseeresrmerenens W81 THE 10O

NE&0 GO0 G40 GA0 Z+100 MOS * ... Retract and insert tool

NEQ t+50 J+50 * Set pole

N70 G10 R+70 H+280 . .eeeer PrE-position in the working plane with
polar coordinates

N80 Z-5 MO3 * creersrn e en e s e e MIOVE 1001 10 woTking depth

N3O GT11 G4 R+50 H—90 F100 * ... Approach the contour with radius compensation
at machining feed rate

NI00 G2E RT0 * ot e vt e e SOTT {TANGENHAN) Approsch

NT10 Gl HE 270 % s s nrab v ... Circle to end point H = 270°, negative direction
of rotation

N120 G27R10* ... et e s OOT L (T@NGENTIAN departure

N130 G10 G40 Ft+?0 H—1 10% ettt e eeeee e DEPETT SORTOUY, GaANCE! radius compensation

N140 Z+T00 MOZ * oo et esvae e e semse e . .. RETFACT iN the infeed axis

N99999 %5532 G71 *
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& Programming Tool Movemnents

5.5 Path Contours — Polar Coordinates

G16: Circular path with tangential transition

&

Moving on a citcular path, the tool transitions tangentiaily to the previous
contour element (D to @) et @.
Input:

s Polar coordinate angle H of the arc end point &
¢ Polar coordinate radius R of the arc end peint )

e The:mansivon:point rnust be exectly defined,

Fig. 5.39:

Circuiar path around a pole with
tangental transition

n B Circle, polar coordinates, with tangential transition
-

n m Enter distance R from arc end point to pote (herg, R = 10 mm) }
-

Haau

confirm entry

“

Enter angle from reference axis to R (here, H = 80°) and

Further entries, if necessary:

Radius compensation R
Feed rate F
Miscellaneous function M

Resulting NC block: G168 A+10 H+50*
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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 lingar motion in a plane perpendicular to
the main piang.

Helices can only be programmed in polar
coordinates.
Applications

You can use helical interpolation with form cutters
to machine:

= Large-gdiameter intemnal and external threads
» Lubrication grooves

Fig. 5.40; A helix combines circular motion with linear maotion
input

* Total incremental angle of tool traverse on the helix
» Total height of the helix

Total incremental angle

Calculate the totat incremental polar angle G81 H as follows:
H = n-360°,

where r1is the number of revolutions of the helical path.

(91 H can be programmed with any value from —-5400° t0 +5400°
{i.e.. up to n= 15} .
Total height

Enter the height h of the helix referenced 10 the tool axis. The height is
determined as follows:
h =n-P

where ris the number of thread revolutions and Pis the thread pitch.

Radius compensation

Enter the radius compensation for the helix Intesnal thread | Work direction | Rotation | Radius comp.

according to the table at right Right-handed i+ G13 G4t
Left-handed Z+ G1z G42
Right-handed - G2 G4z
L aft-handed Z- G13 G4

External thread | Work direction | Rotation | Radius comp.

Right-handed Z+ G12 G42
Left-handed Z+ Gd12 Ga1
Right-handed P G12 G41
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 ' 533



5

Programming Tool Movements

E.5 Path Contours — Polar Coordinates

To program a helix:

Helix, clockwise

incremental dimensions (here, H = 1080°).

Enter the total angle through which the tool is 10 move an the helix in

dimensions (here, Z = 4.5 mm}.
Confirm your entry.

.

Enter the height of the helix in the tool axis, likewise in incrermental

Further entries, if necessary:
Radius compensation
Feedrate F

Miscellaneous function M

Resulting NC block: G12 G891 H+ 1080 Z+4.5 *
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B Programming Tool Movements

5.5 Path Contours — Polar Coordinates

Example for exercize; Tapping

4

Given data
Thread:

Pitch P:

Starting angle A,

End angle A,

Thread revolutions ng:

Thread overrun:
* at start of thread ng
* at end of thread ng:

Number of cuts:

Right-hanted internal thread M64 x 1.5

1.5 mm

00
360°=0°atZ, = 0
8

oo
;o

—_

+ Starting angle A, with thread overrun ng ng=40.5

The starting angie of the helix is advanced by 180° in = 1 corresponds
10 3680°). With positive ratation this means

\ J . J
r
Calculating the input values
* Total height h: h=P-n
P=15mm
N=n, +n.+n.= &
h= 13.56mm
* Incremental polar coordinate angle H; H=n-360°
n =9 {see total height h)
H = 360°-9 = 3240°

A with n, = A~ 180° = ~180°
= Starting coordinate:

tcwardsZ = Q.

Part program

%5536 G71 *
N10 G30 G17 X+0 Y20 Z-20 * oo,
N20 G371 G0 X+100 Y+100 Z+0 *
N30GIS T1T L+0R+5 *. v
N40T11 G17 82500 *
N50 GO0 G40 GSO 2-1-100 MOE B
NGO X+50 Y+30 *
N70 G529 ¢

N80 Z-12 MO3 *
NSO G171 G41 H+32 H-180 FI00 * ...
N100 G13 G91 H+3240 Z+13.5 F200 *
M110 GOO G40 G0 X+50 Y+30 *
N1Z0Z+100 MOZ * ..o
NS9999 % S536! G?1

Z, is negative because the thread is being cut in an upward direction

_.. Begin the program
.ene. Define the ool
... Call the tool
... Pre-position in the warking plane to the center of the hole

Transfer position as pole
-.. Move tool to starting depth

... Retract in the infeed axis

~-15- SSmm

Z=P- N, +ns)
==12.75mm

Define the workpiece blank
Retract and insert tool

Approach contour with radius compensation at machining feed rate
Helical interpolation; angte and movement in infeed axis are incremental
Depart contour {(absoiute), cancel radiug compensation

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

56 M Functions for Contouring Behavior and Coordinate Data

5.6 M Functions for Contouring Behavior and Coordinate Data

The foliowing miscellansous functions enable you to change the TNC's
standard contouring behavior in certain situations:

* Smoothing corners

+ Inserting rounding arcs at non-tangential straight-ine transitions
+ Machining small contour steps

+ Machining open contours

+ Programming machine-referenced coordinates

Smoothing corners: M90

&

Standard behavior - without M99

The TNC stops the axes briefly 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
automnatically inserts a transition arc at outside comers.

Smoothing corners with M20
Al corners, the tool moves at constant speed. Advantages:

* A smoother, mere continuous surface
* Reduced machining time

Example application:
Surface consisting of a series of straight ne segments.

Duration of effect

Servo lag mods must be selected. MS0 is only effective in the blocks in
which it is prograrmmed.

Fig. 5.42: Standard contouring behavior at
G40 without M0

Fig. 5.43: Behavior at G40 with M0
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&5  Prograrnming Tool Movernents

5.8 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 cormers. Y ‘
If the contour steps are very small, howsver, the
toot would damage the contour. In such cases the
TNC interrupts program run and generates the error
message TOOL RADIUS TOO LARGE.

-
N X

Fig. 5.44:  Standard contouring behavior without MS7 when the control
would not generate an error messags

Machining contour steps - with M97

{see figure} of the contour elerments - as at inside
comers = and moves the 100l over this point. M97
is pragrammed in the samg block as the outside
comer point.

The TNC caleulates the contour intersection € v *

Duration of effect

M7 is effective only in the blocks in which it is —L
@

programimed.

Fig. 545: Contouring behavior with M37

@ A comer machined with M7 wil not be cormpletaly finished. it may have to be reworked with a smalief tool.

Program structure
r ™
NS GBOL L B420 e, LBIGE 100! radius
N20  GOTX..Y . MI7 e MIOVE TO CONtOur point 13
N30 GBT YuD,5 e MIACHINS small contour step 13-14
NAG X100 e VIOV 1O CONTOUT point 15
NBO  Y+0.5MY7 .. NiBChINE STl cOntour step 15-16
NBO  GOOX o Y o e cae e e, IOV 10 CONTOUT pOINT 17
A

The outside carners are programmed in blocks N20 and N50. These are
the blocks in which you prograrm M7,

TNC 425/TNC 415 BfINC 407 5.37



&  Programming Tool Movements

5.6 M Functions for Contouring Behavior and Coordinate Data

Machining open contours: M98

Standard behavior - without MS8

The TNC celculates the intersections @) of the
cutter paths and moves the tool in the new

direction at those points. If the contour is open at o~

the corners, however, this will result in incomplete (

machining. — -
——>

Fig. 5.46: Tool path without MS8

4

Machining open cometrs with M98

With M98, the TNC temporarily suspends radius
compensation to ensure that both comers are
compietely machined.

Duration of effect

MO8 is effective only in the blocks in which it is
programrmed.

Fig. 847  Tool path with MSB

Program structure

N0 X, Y. G4 F o e MoOve 1o contour point 10
NZ20 X . Y- MO8 Machine contour paint 11
N30 X b oo e VIOV 10 CONTOUE DOINE 12

838 TNC 425/TNC 415 BTNC 407



5 Programming Tool Movements

56 ™ 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 Teedback scaies are provided with one or more reference
marks. Reference marks define the position of the scale reference point. If
the scale has only one reference mark, its position is the scale reference
poirit. If the scale has several — distance-Coded — raference marks, then
the scale reference point is the position of the leftmost reference mark (at
the beginning of the measuring range).

Machine datum - miscellaneous function M31

The machine datum is required for the following
tasks:

+ Defining the limits of traverse (software limit
switches)
*« Moving to machine-referenced positions (such

as tool change positions}
+ Setting the workpiece daturn

The distance for each axis from the scale reference
point to the machine daturn 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

X(Z,Y)

with M91.

N ) . scales with one of more reference marks.
Coordinates that are referenced ta the machine
datum are indicated in the display with REF.

Additional machine datum - miscellaneous function M932

In agdition to the machine datum, the machine
manufacturer 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
additionat machine datum.

if you want the coordinates in a pesitioning block to
be based on the additional machine daturn, end the
block with MG2.

Fig. 5.48: Scale reference point & and machine datum -@- on

TNC 425/TNC 415 B/TNC 407
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Prograrmming Tool Movernents

586 M Functions for Contouring Behaviar and Cogerdinate Data

Workpiece datum A
) 2y
The user enters the coordinates of the datum for
wrmrlemrams maashiminn it the BAARKI A MPE TN
WW ST I\H[\_,W TR ICEAE ILE X T L s PRI WA R L e f I IS
mode (see page 2-6). Zz

If vou want the coordinates to always be
referenced to the machine datum or to the
additional machine datumn, you can inhibit datum

g AR

sefting for one or more 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. 5.43: Machine datumn @ and workpiecs datum .@.

Feed rate factor for plunging movements: M103 F...
Standard behavior - without M103 F...
The TNC moves the tool at the lasi programmed feed rate, regardless of
the direction of traverse.
Reducing the fead rate during plunging -~ with M1G3 F...
The TNC reduces the feed rate for movernent in the negative direction of
the tool axis to a given percentage of the last programmed feed rate;
Fauax = Fenos * P
Fouax ©  Maximum feed rate in negative tool axis direction
Foeoe - Last programmed feed rate
Fo: Programmed factor behind M103, in %
Cancelling
M103 F... is canceled by entering M103 without a factor.
Examnle
Example
Feed rate for plunging is to be 20% of the feed rate in the plane
Actual contouring feed rate
[mm/min]
with override 100%
G017 Ga1 K+20 Y420 FE00 MIO3 F20 500
Y450 500
G817-25 100
Y+b 7-5 367
X+50 500
GO0 Z+5 500
540 TNC 425/TNC 415 B/TNC 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 rermains constant. At outside
contours the feed rate for circular arcs is correspondingly increased.

Constant contouring speed at circular ares (fead rate decrease only) - M110

The TNC reduces the feed rate for circular arcs only at inside contours. At
outside contours the feed rate remains the same.

Insert rounding arc between straight fines: M112E...

Standard hehavior - without M112E...

A contour consisting of many short straight lines is normallty machined
such that the corners are cut as exactly as possible.

insert rounding arc between straight lines — with MT112E..

The TNC inserts & 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 a1 the
rounded cerner. If this is not possible, the TNC automaticaily decreases
the feed rate.

You ¢an enter a tolerance value E that defines the maximum permissible
devigtion from the programmed 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: Permissibie deviation from the

Cancelling prograrnmed Contour

To cancel M112 E, enter M113.

TNC 425/TNC 415 B/TNC 407



5 Programming Tool Movemnents

5.8 M Functions for Contouring Behavior and Coordinate Datz

Automatic compensation of machine geometry when working with tilted axes: M114
{not TNC 407}

Standard behavior - without M114

The TNC moves the too! 1o the positions given in
the part program. The 100l offset resulting from a
tilted axis and the machine geometry must be
calculated by 2 postprocessor.

Automatic 6ompensation of machine
geometry —with M114

The TNC compensates the toot offset resuiting
frorn positioning with tilted axes. It calculates a 3D
iength compensation. The radius compensation
must be caleulated by a CAD system orby a
postprocessor. A prograrrmed radius compensation
(RL or RR) resuits in the emor message ILLEGAL
NC BLOCK.

Fig.5.81: Offset of the tool datum for tilting the tool

Thus if you write the NC program with a
postprocessor, the machine geometry does not
have 1o be calculated.

If the teol length compensation is calculated by the
TNC, the programmed feed rate refers to the point
of the to0l; otherwise, it refers to the 1ol datum.

Canceliing
M114 is cancelied by M115 or by a NS9 999 black,
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5  Pregrarmming Tool Movements

56 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 programmed feed rate in a rotary axis in degrees
per mingte, The contouring feed rate therefore depends on the distance
from the tool center to the centar of the rotary axis. The larger this
distance becomes, the greater the contouring feed rate.

Feed rate in mum/min on rotary axes — with M116

The TNC interprets the programmed feed rate in a ratary axis in mmymin,
The contouring feed rate is therefore independent of the distance from the
tool center 1o the center of the rotary axis.

Duration of effect

M116 is effective untll the prograrn ends (END PGM block), whereupon it
is automatically cancelled,

I re macine georetry must be ere

wareecs 78101 by he s ool bukder.

e e PR Y T s

Superimposing handwheel positioning during program run: M118 X... Y... Z...

Standard behavior - without M 118

in the program run modes, the TNC moves the tool as defined in the part
program.

Superimposing handwheel positioning with M118 X... Y... Z...

M 118 enables manual adjustrments 1o be made with the handwheel during
program run. The range of this superimposed movement is entered
behind M118 {in mm} in axis-specific vaiues 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 10 move the toal in
the working plane X/Y by £1 mm.

NC biock: L X+0 Y+38.5 RL F125 MT18 X1 Y1
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5 Pragramiming Tool Movements

5.7 Positiening with Marnual Data input; System File $MDI

5.7 Positioning with Manual Data Input: System File SMDI

in the positioning with MDI mode you can program the system file $MDI.I
(or $MDI.Hj for immediate execution. $MD! is programmed like any other
part program.

Applications

* Pre-positioning
* Face milling

To program the system file SMDI:

.

[ Select MDI operating mode

.
[Program $MDI as desirad }
To execute the system file SMDI:
glect POSITIONING MANUAL DATA INPUT operating mode
.
|' @ Start program run

544 TNC 425/TNC 415 BfTNC 407



5 Prograrnming Too! Movernents

5.7 Positioning with Manual Data input: System File $MDI

Exampie application

Correcting workpiece misalignment on machines with rotary tables.

Make a basic ratation with the 3D touch probe, write down the
ROTATION ANGLE, then cancel the basic rotation again.

+ Change the operating mode

P | POSITIONING MANUAL DATA&TNPUT

Open the system file $MDI

= Program the rotation

-

a a * Select the rotary table axis
L * Enter the ROTATION ANGLE you wrote down
.
il Confiren your entry

The rotary axis corrects the misalignment

all

—Ju )L
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8

Subprograms and Program Section Repeats

6

Subprograms and Program Section Repeats

Subprograms and prograrm section repesats enable you 1o program a
machining sequence once and then run it as often as desired.

Labels

Subprograms and program section Tepesls are rarked by labels.

A label is identified by a numbear between 0 and 254. Each label {except
label 0) can be set only once in a program. Labels are set with GS8.

LABEL 0 marks the end of a subprogram.

6.1 Subprograms

Sequence

The main program is executed up to the block in
which a subprogram in called with Ln, § {(D).

The subprogram is then executed from beginning 10
end (G98 LO) (@)

The main program is then rasumed from the block
after the subprogram call {((3)}.

Operating limitations -

A main program can contain up 10 254
subprograms,

Subprograms can be called in any sequence and
as often as desired.

A subprogram cannot call itseif.

Subprograrns should be written at the end of the
rmain program (behind the block with M2 or
M3QL.

If subprograms are located before the block with
MO02 or M3¢, they will be executed at least once
even if they are not called.

N1 % .. *

?

1,0% -
@ ®

Z+100 M2 *

GOS L1 * ~

7 }

. GI8 Lo *
N99998 % . *

;g@

Fig.8.1:  Flow diagram far subprograrnming
®=jump (@)= retum jump

62
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8 Subprograms and Program Section Repeats

6.1 Subprograms

Programming and calling subprograms

Mark the beginning:
-
a B “ Select the label setting function.
b ~
LABEL NUMBER? N
The subprogram begins with (for exampie) label number 5.

Resufting NC block: G98 L5 *

Mark the end:
A subprogram always ends with [abel nurnber 0.

[ @ a B B Select the label setting function.
N :

[ LABELNUMBER?

{ m End of subnrogram.

Resuifting NC block: G88 L0 *

Call the subprogram:
A subprogram is called by its label number.

[ B . n Call the subprogram behind label .

Resuiting NC block: L50 *

@ - The commaf;d_l.ﬂ,_(}-is.nm pennmed{iabel(}ﬁ Al usedto mark the end of asubprogram).>. . -

TNC 425/TNC 418 B/TNC 407



4] Subprograms and Program Section Repeats

6.1 Subprograms

Example for exercise; Group of four holes at three different locations

The holes are drilled with cycle G83 PECKING.
Enter the setup ¢learance, feed rate, etc. in the
cycle once. You can then call the cycle with
miscellaneous function M99 (see page 8-3).

-

Coordinates of the first hole in each group:

Group (D X=1mm Y = 10mm

Group &) X = 45 mm Y = 80 mm
Group @ X= 75mm Y = 10mm
Hole spaging: X = 20mm

¥ = 20mm

Total hole depth: Z =10mm

Hole diameter: J=5mm

LN

Zi

-~

Part program

%5641 G71*

N20 G31 G80 X+100 Y+100 Z+0 *
MNAOT1 G17 83600 *

N50 G83 P01 -2 PO2 -10 F’03 —5 P04 U
PO5 100 ...

N70 X+18Y+10 *

N80 Z+2 MO3 *
NeOL1,0*

N1i0L1,0*..
N130L1.0*..

N150 GSB L1 * ...
N160 G79 *

N180 Y+20 M92 *

N10 G30 G17 X+0Y+0 220 .7

N3O GO T1 LD RHZ, B % e ansesranae
... Call the tool

190K a5 Y.r_ao T s
120 Serg g s
N1a9 3100 M02 B TR

199 e }(+20 Méé.*

NIGIOD F6SBAL GTT * oo eemer e ocase et

... Start prograrm
... Defina blank form

Define the tool

erternernes e DY CIE definition PECKING (see page 8-5)
“NEG GOO 640 GSO Z+100 MOG .
crerarrrererreenninens . Move 10 group 1

...... Pre-position in the infeed axis

... Call subprogram (subprogram executed with biock NSO)
e MOVE 10 group 2

...Call subprogram
..... Miove to group 3

... Call subprogram
... Retract in the infeed axis:

Retract and insert tool

end of main program {M2); the subprogram is entered
behind M2

----... Beginning of subprograrn

... Performn pecking ¢ycle for first hole
... MlOve 1o second hole (incremental) and drill
reslatier et emar s e ane s e eeeeee - MIOVE 10 third hole {incremental] and drill
MN190 X-20 G930 MQB ®

Move to fourth hole {incremental) and drill; change to
absolute coordinates (GSD)

End of subprogram

End of program

TNC 425/TNC 415 BfTNC 407
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8 Subprograms and Program Section Repeats

6.2 Program Section Repeats

Like subprograms, program section repeats are

identified with iabefs.

Dperating sequence

The program is executed up to the end of the

labelled program section {(D) and @)}, i.e. up to the :

block with L, m.

and the iabel call is repeated the number of times .

entered after under m {(3), @).

The program is then resumed after the last

repetition (&)

" Programming notes

+ A program section can be repeated up to 65 534

imes in SUCccession.

Then the program section between the called label G 98 L

oo

—
[y
[}

+0)—

NG999% % .. *

+ The total number of times the program section is  Fig. 6.2 Flow diagram for a program section repeat;
executed is always one more than the pro- (B = return jump
grammed number of repeats.
Doruparvsevs e s nrvsl mwanrrdisvsm A rurencasa iyl Sondlo iy woes e o
r IUBI KEERERNED y [l iv] AEI—U“!IH a 'Jlusllllll s LIL/E]L IGP“'.
Mark the beginning
' ™y
i Select the label setting function.
o5 g funct
=) i e
"~ —_—
-
r |
LABEL NUMBER ?
lﬂ. m- Program section repeated starting at LABEL 7, for example,
: ' —)

Resufting NC block: GS8 L7 *

_-‘J- [ Y T
PELY LT numoel’ o IcpreaLy

5
Enter the number
the

of repeats in the block that calls the tabel. This is also
block that ends the program section.

LL_J 7] JijolE

The program section from LABEL 7 up to this block will be repeated

ten timies. This means it will be run a total of efeven times.

.

Resulting NC black: L7.10 *

TNC 425/TNC 415 B/TNC 407

65



B8  Subprograms and Program Section Repests

8.2 Program Section Repeats

Example for exercise: Row of holes parallel to the X axis

' N
Coordinates of ' Zi
the first hole: X = &mm
Y = 10mm
~Hole spacing: X = 16mm
Number of holes: N = 8
Depth: Z = 10
HMole diameter: g = 6Bmm

Part program

%S66l G71 * ceverre et e OEAPL PrOgram

N10 G30 G17 X+0 Y+0 2-20 * | cermsreseresseennennnenn DETING blank form

N20 G317 G80 X+100 Y+100 Z+0 '

N30GY9TT L+QOR+25 ™ SRR B - 11 31- (2]

N4Q T1 G17 53500 * SSRSURUROVRRURROROY o1 | § (Y] _

NBC GO0 G40 G230 Z+100 MOB - rirerereenneeens,. HELTACE and insert 100!

NEO X-10Y+10 Z+2 MO3 ¥ .o recerceireeraene .. PrE-pOSition 1o the point which is offset in negative X
direction by the hele spacing

N7Q0G9g8 L1 ¥ e e e erene sbearesnenssranneaneeneoens S1ETE OF ThE program section to be repeated

N8O G&1 X+15 * . i MIOVE 10 drilling position (incremental dimension)

N90 GO1 G30 Z—‘[O FTOO * crresnn e esneareaneeene eenenes DT {@D50IUtE dimension)

NIOB GOD Z42 * oo rnre s e e RETTACT

NTIOL1,5 % oo, Ll LABEL 1; repeat program section from block N70 1o
biock N110 five times [toal of six holes)

N120 Z+100B0Z * (e eeeeeeeeen...... Retract in the infeed axis

NOS299 %566l G71 *

L
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8  Subprograms and Program Section Repeats

6.2 Program Section Repeats

Example for exercise: Milling without radius compensation using program section repeats

I .

Sequence:
* Upward milling direction

* Machine the area from X=0 t0 50 mm
([program all X cacrdinates with the tool
radius subtracted) and from Y=0to
100 mm; G898 11

* Machine the area from X=50 10 X=100 mm
{prograr all X coordinates with the tool
radius added and from ¥Y=0 1o
100 mm: GBS L2

* After each upward pass, the tool is moved
by an increment of +2.5 mm in the Y axis.

The iliustration at right shows the block
numpers containing the end points of the
corresponding contour elements.

Part program

%S671G71 *
N10 G30 G17 X+0 Y+0 Z—?O B

N20 G31 G90 X+100 Y+100 Z+0 *
N30 G99 T1 L+OR+10 *

N4Q T1 G17 81750 *
NBO GO0 G40 G880 Z+‘] 00 MOB *

N80 G20 251 *

N30 GO1 X+1 Fi100*

N100 X+11,848 Z-20,2 % o..oeoereeererrirsnisrae e e
NT10GOG X440 Z40 ™ e e sesscaermasaas
N120 GD1 X+41 *

N130 GO0 Z+10 *

N140 X-20 G997 Y+2,5 *

N160 GO0 Z+20 ™ ittt
NIZOX+120Y=1 % s
N180 Gl Z-51 *

N200 G071 X+99 F100 *

N210 X488,354 Z-20.2 * ..t
N220 GOB X+80 Z40 ¥ L
N230 GO1 X+59 *

N240 GO0 Z+10 *

N250 X+120 G91Y+2,5 *

NG9898 %S671 G71 *

N270 GO0 Z+100MO2 *

.. Start program
..- Define blank form (note new values)

<een. Define tool

... Call tool
cerremeeeeenme. RETFACT AN insert tool
NBOX=20 Y=1 MO3 * e csvscvas s e s

Preposition in the plane
Start of program section 1

Frogram section for machining from
X=0to50mmand Y =010 100 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=501t 10mmand Y =0to 100 mm

... Call LABEL 2, repeat program section from block

N180 to N260 forty times
Retract in the infeed axis

TNC 425/TNC 415 B/TNC 407
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&  Subprogrems and Program Section Repeats

6.3 Main Program as Subprogram

Sequence

A program is executed ((D)) up 10 the block in which
another program is called (black with %}

Then the other program is run from beginning to
end (3.

The first program is then resumed beginning with
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 program section repeats.

s Nolabels are needed to call main prograrns as
subprograms.

» The called program must not contain the miscel-
laneous functions M2 or M30.

* The calied prograrm must not contain a jurnp into
the calling program.

Calling a main program as a subprogram

N99a2e %B...*

Fig.6.3:  Flow diagram of a main program as subprogram.
@ = jump, ® = return jump

3 PROGRAM NAME ?

Yy,

Enter the name of the program that you wish to call from this block.

-~

EXT .H L

= ezl 8 plain-language program
s Call an ISC program

» Call an externally stored program

Resuiting NC block: % NAME

EXT

@ You can also cali 2 main program with cycle G39 (see page 8-48).

TNC A25/TNC 415 B/TNC 407



B  Subprograms and Program Section Repeats

6.4 Nesting

Subiprograms and program section repeats can be nested in the following
Ways:

s Subprograms within a subprogram

» Program section repeats within a program section repeat
= Subprograms repeated

* Program section repeats within a subprogram

Nesting depth

The nesting depth is the number of successive levels in which program
sections or subprograms ¢an call further program sections or subpro-
Qrams.

Maxirum nesting depth for subprograms: 8
Maximum nesting depth for calling main programs: 4

Subprogram within a subprogram
Program layout
% UPGMS G71 *

¢

.8 N17 L1.0* o G SUDPrOgram at GO8 L1

2g. N385 GODGAOZ+T00 M2 * e Last block of main program {(with M2)
N36 GI8L1* | )

> Subprograrm 1

eg.N39 Lz20* . with call of
. (é) subprogram 2

eg. Nd5 GOBLO ™ .., End of subprogram 1

pN.

.. Bnd of subprogram 2

N99992 % UPGMS G77T ™ cecrrcrenirrernnirisnn e renen - 20 Of main program

Program execution
1st step:  The main program UPGMS is executed up o block 17.
2nd step:  Subprogram 1 is called, and executed up to block 39.

3rd step:  Subprogram 2 is called, and executed up to block 62.
End of subprogram 2 and return jumg 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 35.
Return jumnp to block 1 and end of prograrm.

TNC 425/TNC 415 B/TNC 407
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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

Coordinates of the first hole in each group:

@ X = 156mm Y = 10mm

® X = 45mm Y = &0mm

@ X= 75mm Y = 10mm

Hole spacing: iX=20mm Y = 20mm
Hole data:

Coumtersinking IC= 3mm @ = 7mm
Drilling ZD= 15mm & = 5mm
Tapping ZT=10mm & = 6mm
Part program

%S6100 G71 *
N10 G30 G17 X+0 Y+0 Z~20 *
N20 G371 G80 X+100 Y-+100 740 *

N3C GBI TZE L+D R4+2,5 * i
NAO GEO TR0 L0 R+3 * et
NBO GI9 T35 L+ R+3.5 ™ e scininc e
NBO T35 G17 S3000 *
N70G83 P01 -2 PO2 -3 P03 -3P04 0

P05 100 * -
N80 L1,0 *

N90 T25 G17 $2500 *
N100 G82 P01 —2 P02 —25 P03 -10 P04 0

PO5 150 * v .
N110 1,0 .
N120 T30 G17 $100 *
N130 84 P01 -2 P02 —15 PO3 0 1PO4100 * ..........
N140 1,0 et be s
N150 Z+100 MDZ H et s
N160 Gog L1 *
N170 GO0 G40 GSO X415 Y+10 M03 LR
N180Z+2 * -

N200 X+45 Y480 *

N220 X+75 Y410 ¢

N260 G789 *

N270 GOT X+20 MBS * e,
MN280 Y+20 M99 *

N290 X-20 G890 M8 *

N300 GeB L0 *
N99998 %S6101 G71 *

... Start program
r... Define bank form

... Yool definition for pecking

Tool definition for countersinking
Tool definition for tapping
Tool call for countersinking

<o Cyele definition pecking
<. Call subprogram 1
... Tool calf for packing

wee.. Cycle definition pecking
... Call subprogram 1
... Tool calf for tapping

Cycle definition tapping

... Cail subprogram 1

Retract in the infeed axis; end of main program

... Start subprogram 1

Move 1o hole group 1

--.. Pre-position in the infeed axis
... Call subprogram 2

<er.. Move to hole group 2
... Call subprogram 2

e MOVeE 10 hole group 3
... Call subprogram 2

End of subprogram 1
Start of subpregram 2

Drill holgs with currently active cycle

... End of subprogram 2

610
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6  Subprograms and Program Section Rapeats

6.4 WNesting

Repeating program section repeats
Program layout
% REPS G71 *

P

e.g.N15  GosL1*

9

.............................................

¢

N99998 % REPS G71*

Program execution

.... The program section between this block and G98 L (block 20)
15 repeated twice

The program section between this block and G88 L1 (block
15) is repeated once

1st step: Main program REPS is executed up to hlock 27.

2nd step: Program section between block 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 repested once.

&th 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 B/TNC 407
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6 Subpregrams and Program Section Repeats
6.4 Nesting
Repeating subprograms
Program structure
% UPGREF G771 *
COONM 120 2SN ..., Call subprogram
N2 2 W leen....... Program section repeat
eg. N8 GOOG40Z+100M2Z * ... Lastprogram biock of main program with M2
N20  GIBLZ* . StATE O SUbpProgram
eg. N28 G98LO* e E0d of subprogram
NO8988 % UPGREP G71 * ...ecevievevecenneen... End o main program
Program execution
1ststep:  Main program UPGREP is executed up to block 11.
2nd step: Subprogram 2 is called and executed.
3rd step:  Program saction from block 12 to block 10 is repeated twice,
so subprogram 2 is repeated twice.
4th step:  Main program UPGREP is executed from biock 13 to block 19. End of program.
812 TNC 425/TNC 415 B/TNC 407
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Programrming with Q Parameters

7 Programming with Q Parameters

Q Parameters are used for:
¢ Programming famifies of parts
¢ Defining contours through mathematical functions

An entire family of parts can be programmed on the TNC with a single
part program. You do this by entering variables called O parameters
instead of fixed numerical vaiues.

Q parameters can represent inforrmation such as:

¢ coordinate values
» feed rates
* pm
» cycle data

Q parameters are designated by the letter Q and a nurmber between ( and
118.

Q parameters also enable you to 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 G parameters and fixed numerical values within a pro-
gratm.

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 ASCII keyboard {see page
7-186),

Use the soft key PARBAMETER to select the Q parameter functions. The
fellowing soft keys appear, with which you can select function groups:

p———re
BRSIC _
ARITH- TRIGO JUMP DIVERSE FORMULA E N D
METIC NOMETRY FUNCT IDN
72 TNC 425/TNC 415 BfTNC 407
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7  Programming with Q Parameters

Functions Soft key
Basic arithmetic (assign, add, subtraci, multiply, QBRQISTLC_
divide, square root) METIC
Triganometric functions TR1GD-
NCOME TRY
H/Then conditions, jumps JUMP
Other functions DIVERSE
FUNCTION
Enter formula directly from keyboard FORMULE

TNC 425/TNC 415 B/TNC 407



7  Programming with Q Parameters

7.1 Part Families — Q Parameters in Place of Numerical Values

The O parameter function DO: ASSIGN assigns numerical values to Q
parameters.
Example: Q10=25

This enables you t¢ use variables in the program instead of fixed
numerical values.
Exampie: X + Q10 (=X + 25)

You only need 1o write one program for & whole
family of parts, entering the characteristic dimen-
sions as Q parameters. To program & particiular part,
you then assign the appropriate values to the
individual Q parameters.

Example

Cylinger with ( parameters

Radius R = O

Height H = Q2

Cylinder Z1: Q1 = +30
Q2 = +10

Cylinder 22. Q1 = +10
Q2 = 400

Fig. 7.2: Part dimensions as O paramsters

To assign numerical values to Q parameters:

-

— Seiect PARAMETER.
METER

—~

BAsIC Select BASIC ARITHMETIC.
ARITH-

METIC

0B Select DO: ASSIGN.

Enter the Q parameter nurnber, for example 5.

Enter a vaiue or another Q parameter whose value is 10 be assigned
to O5.

Resulting NC block: D00 Q5 P01 +6*

7-4 TNC 425/TNC 415 B/TNC 407



Programming with Q Parameters

Q Parameters in Place of Numerical Values

Example for exercise: Full gircle

r

Circle center |, J: X = 50mm
Y = 50 mm

Beginning and end

of circular arc C: X = 50 mm
Y = 0mm

Milling depth: Z, = ~5mm

Tool radius: R = 18 mm

Zh

Part program without Q parameters

%SB201 G711 * ..

N40 T8 G17 51800 *

NBO X+50 Y40 *.
N70 Z5 M03 *
N8O 1+50 J+50 * .

N100 G26 R10 ™ .

N10 G30 G17 X+1 Y+1 Z-20 *

N20Q G31 G90 X+100 Y+100 Z+D e

N3O GO T6 L+0 R+18 ™ s

reereninnne e AN 200!

M50 GOO G40 GO Z+100 MO6 * .
... Preposition in the working plane

werooe MOVE 1001 10 working depth

... Coordinates of the circle center

NGO GOT G4T X450 Y40 F100 * oo Move to first contoLr point with radius compensation at

... Start of program
... Blank form MIN point

Blank form MAX point
Define tool

Retract and insert tool

machining feed rate

... Soft (tangentiall approach

N110 G02 X+50 Y+D “ Mill are around circle center |, J;
negative rotation; coordinates of end point
XK=+B0mmand¥ = +0
N120 G27 R10 * crerensesrresnen s eans SOTT {t@NGENtial) departure
N130 GO0 540 X+50 Y—40 * eeemresmenane e DA CONtOUr, cancel radius cornpensation
NT4O Z4+T00 MOZ ¥ oot reenrr e s esrneeeenneee e RELFACT 0 the infeed axis
NG9989 %S55201 G71 *
Continued on next page...
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7 Programming with G Parameters

7.1 Q Parameters in Place of Numerical Values

Part program with { parameters
%S74IG71* ...

NIODOOQTPOT +100 % e
N20 D00 Q2 POT1 +30 ™ et
N30 D00 Q3 PO =20 % oo
N40 D00 Q4 PO +70 * eiccmieieens
N50DOD Q5 POT -5 * e

N&60Q DOC 06 P01 +50 *. .

N7ODOO Q7 POT +80 * s
NEO D00 AB POT +50 * .ot
NTOO D00 QIO POT 40 ™ vt
N11ODOO Q1T POT +15 ™ e v,
N120 D00 Q20 POT +100 * .ot

N130 G30 G17 X+1 Y+1 Z-20*
MN140 G31 G0 X+100 Y+100 Z+0 ¥
N150 G98 T8 L+Q10 R+Q711 *
N160 T6 G17 $1000 *

N170 GO0 G40 G890 Z+Q1 Mog *
N180 X+QZ2 Y+Q3 *

N190Z+C5 MO3 * e

N200 1+08 J+Q7 * ...

N220 G26 R10 *

N230 G02 X+Q8 Y+Q9 *
N240 G27 R10 *

N250 GO0 G40 X+Q4 ¥Y+03 *
N260 Z+01 M02 *

N92299 %S741G7/T *

... Start of program
... Clearance height

Start position X
Start/end position Y
End position X
Mitling depth

... Circle certer X
.. Circle center Y
. Circle starting point X
. Circle starting point Y

Tool {ength 1.
Tool radius R
Milling feed rate F

werne. Block N30 to N260 correspeondingiy
ereeeeerrnieniesn s eneeneeee.. BIOCK NT10 10 N140 from program $6201.1
N210 G01 G41 X+Q8 Y+Q9 FQz20 *

I
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7 Programming with Q Parameters

7.2 Describing Contours Through Mathematical Functions

Select the BASIC ARITHMETIC soft key to call the following functions:

D@ Ot B2 03
X =¥ X+ ¥ H-¥ XK=*VY

D4

XKooy SORT

END

Overview

The mathematical functions assign the result of one of the following
operations 1o a Q parameter:

Soft key
DO: ASSIGN 08
Example: D00 Q5 PO1 +60 * W oey
Assigns a numerical vaiue. B
D1: ADDITION o1
Example: D01 Q1 PO1-02 P2 -5 * W oa ¥
Caiculates and assigns the sum of two values.
D2; SUBTRACTION D2
Exarnple; D02 Q1 POT +10PO2 +5 * W -y
Calculates and assigns the difference of two values.
D3: MULTIPLICATION o3
Example: D03 02 POT +3 P02 43 * % % v
Calcuiates and assigng the product of two values.
D4: DIVISION
Example: D04 Q4 PO1 +8 P02 +Q2 * Da
Calculates and assigns the quotient of two values. X -V
Not permitted: division by 0
D5: SQUARE ROOT
Example: D05 Q20 PC1 4 35
Calculates and assigns the square root of a number. SORT
Mot permitted: square root of a negative number

In the above table, “values™ can be any of the following:

* two numbers
s two (O 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 BfTNC 407
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Programming with Q Parameters

7.2 Describing Contours Through Mathematical Functions

Programming example for basic arithmetical operations

Assign the vatue 10 to parameter 05, and assign the product of 05 and

the value 7 to Q12.

PARA-
METER

Select PARAMETER.

BRASIC
ARITH-
HMETIC

Select BASIC ARITHMETIC.

0a
o=

Select function DO: ASSIGN.

.

PARAMETER NUMBER FOR RESULT 2.

.t

Enter parameter number, for example 05.

Uk

FIRST VALUE/PARAMETER? -~

nu

Assign nurnerical value to parameter Q5.

78
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7 Programming with O Parameters

7.2 Describing Contours Through Mathematical Functions

PRRA- Select PARAMETER.

METER

BRSIC Select BASIC ARITHMETIC.

ARITH-
METIC

D3 Select function D3: MULTIPLICATION.

L I

_v

PARAMETER NUMBER FOR RESULT 2 -

L

-

a Enter parameter number, for example Q12.
.

FIRST VALUE/PARAMETER ?

b

(Q]5] Enter Q5 (=10} and confirm.
-~ —

.

SECOND VALBE/PARAMETER? -,

| N

Enter 7 and confirm.

Resulting NC blocks: FNO: 05 = +10

FN2: Q12 = +05 *47

TNC 425/TNC 415 BfTNC 407
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7 Programming with G Parameters

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
singe = afc,
cosa = bl

tana = a/b = sina/cos a,

whera

* Cis the side opposite the right angle
* 3is the side opposite angle ¢
+ Hthe third side.

‘The angle can be found from the tangent:

o = arc tan « = arc tan {(a/b) = arc tan {sin o/ cos o)

Example: 2 = 10mm
b = 10 mm
¢ = arctan (g/ B =arctan 1 = 45°

Furthermore, &+ R=¢ {(F=2g-a
c=AFTF

Select the trigonometric functions to call the following options:

D6 D7 oe i3
SIN{KS COS(K> K LEN ¥ | ¥ BNG ¥

Fig. 7.3: Sides and angles on a right triangie

END

Overview

Soft key
D&: SINE
Example: D06 Q20 PO1 05 * D6
Calculate the sine of an angie in degrees (°) SINC(X)
and assign it 1o a parameter
D7: COSINE
Example: DO7 Q21 P01 -Q6 * B?
Calculate the cosine of an angle in degrees () COS(X)
and assign it 1o a parameter
D&: RODOT-SUM OF SQUARES
Example: DO8 Q10 P01 +5 P02 +4 * D8
Take the square root of the sum of two squared X LEN ¥
numbers and assign it to a parametar
D13: ANGLE
Example: D13 Q20 PO1 +10 P02 -Q1 * D13
Calculate the angle from the arc tangent of two % BNE ¥

sides or fram the sine and cosine of the angle
{0° < angle < 360°) and assign it to a parameter

710
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7 Programming with Q Parameters

7.4 If-Then Decisions with Q Parameters

The TNC can make logical If-Then decisions by comparing a Q parameter

with ancther Q parameter or with a numerical value.

Jumps
The jump target is specified by 2 label number in the decision block. If the
programmed condition is {ulfilled, the TNC continues the program at the
specified label. I it is not fulfilled, it continues with the next block.
To jump to another program, enter a program call with % (see page 6-8)
after the block with the target label.
Unconditional jumps
An unconditienal jurnp is programmed by entering a conditional jump
whose condition is always true. Example:
If 10 equals 10, go to label 1
D09 PO1 +10 P02 +10 P03 1
Select the jump function to display the following options:
T e —
D9 Dig D11 Diz
IF X EQ Y|IF X NE Y|IF X GT ¥|IF X LT v END
GOTO G0TO GOTO B0TO
Overview
Soft key
De: IF EQUAL, JUMP
Example: DO2 P01 +C1 PO2 +Q3 P03 5 * Ds
i the two values or parameters are equal, Ie G"o .1!':09 ¥
jump to the given label,
D10: IF NOT EQUAL, JUMP
Example: D10 P01 +10 P02 -05 P03 10 * Die
If the two values or parameters are not equal, IF EKOT“GE Y
jump to the given isbel.
D11 IF GREATER THAN, JUMP
Example: D11 P01 +CQ1 P02 +10 P03 5 ¢ D11
i the first value or parameter is greater IF X GT ¥
than the second value or parameter, GOTO
jump to the given label.
D12: IF LESS THAN, JUMP
Example: D12 P01 +Q5 P02 +0 P03 1 * D12
If the first value or parameter is iess IF X LT ¥
than the second value or pararneter, GOTO
jump to the given label.
7-11
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7 Programming with Q Parameters

7.4 If-Then Decisions with Q Parameters

Jump example

You want to jurmnp 1o pregram 100.H as soon as Q5 becomes negative.

-

NS DOOQSPOT +10 % e e ABSION 2 value, such as +10, 10 parameter Q5
N9 DD2O5POT+05PO2 +12" eeeveeeee......... Reduce the value of 05

N10 D12 PO1 +05 P2 +0PO35 ™. T +05 < O, jump 1o label S

15 GBOBLE ™ e e e eneenne LBDE] D

18 % TO0.H * e crvrn e eeeeens JUMP 1O prograr 100.H
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7 Programming with Q Parameters

7.5 Checking and Changing Q Parameters

During & program rur or program test, O parameters can be checked and
changed if necessary.

Preparation:

= if you are in a program run, interrupt it (for example by prassing the
machine STOP key and the INTERNAL STOP soft key)
« [f you are doing a test run, interrupt it

To call the Q parameter:

-

n Select the parameter, for example Q10.

‘._l

.

-

leave the Q parameter unchanged.

TNC 425/TNC 415 B/TNC 407
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7 Programming with Q Parameters

7.6 Diverse Functions

Select the diverse functions tc call the foliowing options:

D14 D15 D13 |
ERROR= PRINT PLC= E N D

Displaying error messages

D14
ERROR=

With the function D14: ERROR you can call messages that were
pre~-programmed by the machine tool builder.

If the TNC encounters a block with D14 during a program run or test run, it
will interrupt the run and display an error message. The prograrm must
then be restarted.

Input
Example: D14 P07 254
The TNC then displays the test stored under emor number 254.

Error number to be entered Prepared dialog text
0to 289 D14: ERROR CODE ¢ ... 289
300 to 399 PLC: ERROR O ... 99
400 to 499 CYCLE PARAMETER O .... 82

medl @ diaiog text-that Giffers o the above.
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7 Programming with O Parameters

7.6 Diverse Functions

Output through an external data interface

015
PRINT

The function D15: PRINT transfers the values of Q parameters and error
massages through the data interface, for example 1o & printer.

+ [15: PRINT with numerical values up to 200
Exarmple; 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 wansfer up o six Q parameters and nurmerical values simuitane-
ously. The TNC separates them with slashes.
Exampie: D15 P 1 P02 Q1 P03 2 P04 Q2

Transfer to the PLC

D13
PLC=

The function D19: PLC transfers up to two numnetical values or Q
parameters to the PLC.

increments and units: 0.7 pm or 0.0001°
Example D18 P01 +10 P02 +Q3
The numerical value 10 means 1 um or 0.001°.
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7 Programrning with Q Parameters

7.7 Entering Formulas Directly

You can enter mathernatical formulas that include several operations
either by soft key or directly from the ASCII keyboard. We recommend
entering the operations by soft key, since this eliminates the possibility of
syntax erncrs.

QOverview of functions

Mathematical function Soft key
Addition

Exampie: Q10 = Q1 + 05 +
Subtraction

Example: Q25 = Q7 - Q108 -
Muftiptication

Example: Q12 =5 * 05 *
Divisicn

Exarnple: Q25 = Q1/Q2 /
Open/close parentheses

Exampie: 12 = Q1 * Q2 + Q3 C 3
Square

Exampie: Q15 =505 sa
Square root

Exarnple: Q22 = SORT 25 SaRT

. Sine of an angle SIN
Examnple: Q44 = SIN 45

Cosing of an angle

Example: Q48 = COS 45 Cos
Tangent of an angle o
Example: Q46 = TAN 45

718
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7 Programming with Q Parameters

7-7 Entering Formulas Directly

Arc sine:
inverse of the sine. Determine the angle from the AsIN
ratic of the opposite side to the hypotenuse.
Example: Q10 = ASIN 0.75

Arc cosing:

Inverse of the cosine. Determine the angle from
the ratio of the adjacent side to the hypotenuse.
Example: 011 = ACOS Q

ACOS

Arc tangent:

Inverse of the tangent. Determine the angie from
the ratio of the opposite to the adjacent side.
Example: Q12 = ATAN Q11

RTRAN

Powers (x"}
Exampie: Q15 = 3/3 ”~

TC{3.14159) .
Pl

MNatural logarithm (EN) of a number,
base 2.7183 LN
Exarnpie: 015 = LN Q11

Logarithm of a number in base 10
Exarnple: 033 = LOG 022 LOG

Exponential function {2.7183%
Exampile: Q1 = EXP Q12 EXP

Negate (multiply by =1}
Example: 02 = NEG Q1 MNEG

Drop places after decimal point (form an integer)
Example: Q3 = INT Q42 INT

Absolute value
Example: Q4 = ABS 022 ABS

Drop places before the decimal point (form a
fraction) FRRG
Exampie: 05 = FRAC 023

TNC 425/TNC 415 B/TNC 407 717



7  Programming with O Parameters

7.7 Entering Formulas Directly

Rules for formulas

» Higherlevel operations are performed first (multiplication and division
before addition and subtraction}:

01=5x3+2x10=35=> Iststep:5x3=15
2rnd step: 2x10=20
3rdstep: 15+20=35
Q2=8C10-3A3=73 => Iststep:102=100
2nd step: 38 =27
3rd step: 100-27 =73
+ Distributive law:
b+ cl=ab+ ac

Programming example

Calculate an angle with ar¢ tangant as opposite side (Q12) and adjacent
side {Q13), then store in (25.

i b
. . |

- Select the formula entering function.

PARA } FORMULA §

METER

Enter the parameter number, for example Q25.
) N

Shift the soft-key row 10 the right.
ATeN Select are tangent.
R ’
Shift the soft-key row back to the ieft.
] C Open parentheses.

.
B Enter parameter number Q12.
. .

Select division.
/
h -
e Enter parameter number Q13.
Fl Open parentheses; conclude formula entry.
D

LN ]

Resuiting NC block: Q25 = ATAN (Q12 /Q13)
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7 Programming with O Parameters

7.8 Measuring with the 3D Touch Probe During Program Run

The 3D touch probe can measure positions on the workpiece while the
program s being run.

Applications:

* Measuring differences in the height of cast surfaces
+ Tolerance checking during machining

To program ths use of a touch probe, press the TOUCH PROBE key. You
pre-position the proba te automatically probe the desired position. The
coordinate measurad for the probe point is stored under a Q parameter,

The TNC interrupts the probing process if the styius is not deflected within
a certain distance {selectabie via MPE130).

Upan contact, the position coordinates of the probe are stored in the
parameters Q115 to 0119, The stylus length and radius are not included in
these values.

Fig. 7.4:  Dimensions to be measured

Enter the number of the Q parameter to which the coordinate should
- be sssigned, for example Q5.

@ Enter the probing axis for the coordinate, for example X.
= Select and confirm the probing direction.
k ™
5 Enter all coordinates for the pre-positioning point values,
@. forexample X=6mm, Y =0,Z=-5mm.

Conclude input,

Resulfting NC block: G55 POT Q5 PO2 X=-X+E Y+0Z-5 *
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7 Programming with Q Parameters

7.8 Measuring with the 3D Touch Probe During Program Run

Example for exercise: Measuring the height of an island on a workpiace

-

Coordinates for pre-positioning the 30D touch
probe
Touch point 1: X = 20 mm Q11
Y = B0 mm {Q13)
Z = 10 mm {13}
Touch paint 2: X = B0 mm {Q21)
Y = 10 mm (Q22)
Z = 0mm (Q23)
Part program
%S7171G71 * e s senasnn e S1AM OF DTOGrATN
N10 D00 Q11 P01 +20 *
N20 D00 Q12 P01 +50 *
N30 DOO QI3 POT +10 ™ ... ASSIGN coOrdinates to the parameters for pre-positioning
NA0 DO0 Q2T POT +50 ™ ..o ccrevinenisessersna s T tOUCh probe
NS0 D00 Q22 P01 +10
NE0 DO0 Q23 POT +0 ®
N70TO 517 *
N80 GO0 G40 G90 Z+100 MOE * s INSETL Probe
N90 G55 PO 10 P02 Z- X+C11 Y+Q'12 Z+Q13 .o Probe in negative direction; store Z coordinate in Q10 (first
poirt)
N100 X+Q21 Y+Q22 * ..... Intermediate positioning for second measurement
N110 G55 PO1 20 P02 Z- X+ Q21 Y+022 Z+Q23 * ___ Probe in negative direction; store Z coordinate in 820 (second
point)
N120 D02 Q1 P01 +Q20 P02 +Q10 * ..... Measure height of istand and assign to Q1
N130G38 * eemrnenereneaneens PTOGIAM stop; 01 can be checked {see also page 7-14)
NT40 Z+100 MOZ s oot e s e nesensnsreseerenenes o VETACE i0 the infeed axis and end the program
N98989 %S7171G71 '
LS -
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7 Programming with Q) Parameters

7.9 Programming Examples

Rectangular pocket with island, corner rounding and tangential approach

-

Pocket center
coordinates: X = 50 mm QN
Y = 50 mm (Q2)
Pocket length X = 90 mm (Q3)
Pocket width Y = 70 mm {Q4)
Working depth 2 = 15 mm (=05}
Corner radius R = 10 mm (QO86}
Milling feed rate F = 200 mm/min (Q7)

-

Part program
WNST7IGET ™ ..........
N20 DO0 {2 P01 +50 *
N40 D00 Q4 POt +70 *
NSO DOD 05 POT +15 *
N60 D00 G6 POT +10 *
N70 D00 Q7 PO1 4200 *

NS0 G31 X+100Y+100 Z+0 *

N110T1 G17 S1000 > ...

AN +50;
N30 D00 Q3 POT 490 ™ .o arsre e e

NBD G300 G17 X+0 Y40 Z-20 % .o reeritei e

N100 GO T L0 R+5 ™ e
SRR & 1| I (o ]|
N120 GO0 G40 GEO Z+100 MOS * ...
N130D04 Q13 PO +C3 P02 +2 * e
N140 D04 Q14 POT +Q4 POZ +2 * o veseinnnn

N156 D04 Q16 POT +Q6 P02 +4 % i
N160 D04 Q17 PO1 +Q7 P02 +2 * s

... Start of program

Assign pocket data to the Q parameters

Define workpiece blank
Define tool

Retract and insert too!

The length of the pocket is halved for the path of traverse in
block N20O .

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 fraverse

Continued on next page...
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7 Programming with Q Parameters

7.9 Programming Examples

N170 X+01 Y+Q2 MO3 ¥ ... vcevcie e, Pre-postiion in X7Y {pocket center), spindle ON

N180 742 * crte et e e s enerennenees. ETERDOSIION Over workpiace

NT130 GO Z—OS FQ? X Move at feed rate Q7 {= 100) to working depth —Q5
{=—15mm;}

NZ0C G41 G91 X+Q13 GA0 ¥+0Q2 *. ceereerneneanens FIFSE CORtOUr point on the side

N210 G268 RQ16 *. e nsresees e aseneennnnenes OOTT ({@NQENTIAN approach '

with radius Q16 (= 5 mm)
N220 G991 Y+(014 *

N230 GZ5 RCB *

N240 X-03 *

N250 G25 RQ6 *

N2EO Y=04 * e vreeree vt oo W Sidi@s of rectanguiar pocket incremental)

N270 G25 RQB6 *

N280 X+03 *

N230 G25 RO& *

N300 Y+014 *

N310 G27 RQ16 * rreerarensnrnnneenens SOTE {tangential) departure

N320 GO0 G40 GSO X+Q1 Y+C12 x reermeenen e eeeens DBPArT CORtoOUr {absolute 10 pocket center), cancel radius
compensation

N3Z0 ZHT00 MOZ ™ ..o rrcremre st smsse e, RELTECT N the infeed axis

NGS899 %3771 G671 *
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7  Programming with O Parameters

79 Programmming Examples

Boit hole circle

Bore pattern distributed over a full circle:

The entry values are listed in the program
below in blogcks NT0-N80.

Movements in the piane are programmed
with polar coordinates.

Bore pattern distributed ovér & circle sector:

The entry valuas are listed below in blocks
N150- N180; 05, Q7 and Q8 remain the
same.

YJ}

70
25

-t N ' -
@ 30 90 T x

¥

Part program

% LOCHER G771 ™ e rerresraessisern e tsss rassrsseasens
N10 DOG Q1 POT 430 % <o
N20 D00 Q2 POY +70 % Lo
N3O DAD Q3 POT 411 ¥ e
NAD DO QAP +25% e
NSO DO0 OB POT 490 % .o vvreeserenrarisasrnsrneranne
NGO D00 Q8 POT 40 % cooreeeccriecrssiecrsvenesresas
e SELUR clearance
rererrrrermanneneneeessesesenneee 1002 PiOIE depth
N90 (530 G17 X+0 Y+0 Z 20 *

N70 DOO Q7 PO +2 *
N80 D0 08 P01 +15 «

N100 G371 G0 X+100Y+100 Z+3 *
N110 G39 T1 L+O R+4 *
N120T1 G17 82500 %

N130 G823 P01 +Q7 P02 -Q8 P02 +6

P04 0 P05 260 *.
N14O L0 ™ ..

N0 D00 QT POT 490 ¥ o rnirerreirnasrrsrreasreesaaas
N16D DAC Q2 POT 425 % e meer e eeriaeeeens
N170 D00 Q3 P01 B * e
N180 DOO 04 POT +35% i crireeame e
N190 DOO 06 POT +30% e eree e eeeane
... Call boit hole gircle 2

N200 L1,0 * ..

N210 GO0 G40 GIO Z+200 M2 CE

Load data for bolt hole circle 1

Circle center X coordinate

Ciscle center Y coordinate

Number of holes

Boit circie radius

Starting angle

Hole angle increment (0: distribute holes over 360°)

... Cycle definition: Pecking
...Call bolt hole cirgie 1

Load data for boit hoie circle 2 (only reenter changed

data)

New circle center X coordinate

Mew circle center Y coordinate

New number of holes

New bolt circle radius

New hole angle increment (not full circle, & holes 30° apart)

Continued on next page...
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7

Programming with Q Parameters

7.8 Programiming Exarnpies

N220 Gog L1 *

N230 DOD Q10 PO1 +0 * oo
N240 D10 P01 +Q6 PO7-+QPOZ 10 * ...oocceevrrevsorre
N250 D04 QB POT +360 PO2 +Q3 * .ooocoeerenernes

N260 GO L10 *

N270 D01 Q11 POT +05POZ+08 ™ e

N2B0 GRO 1+Q14+Q2 GO0 GAD ™
N2SD GI0 R+Q4 H+O5 M3 * e
et emneee e VIOV I0UZ 1O SETUP Clearance, call cycie
N310 D01 Q10°PO1 +Q10 P02 +1 ¥
N320D09 +Q10POZ +Q3 PO399 * .............

N300 GO0 Z+Q7 M98 *

N330Gos Lz *

N340 G10 G40 GO0 R+Q4 H+Q11 M9g *
N350 D01 Q10 POT +QI0 P02 +1 * .oerevemrrveninies
N360 D01 Q11 POT +Q11 P02 +Q6 * ..o
N370 D12 P01 +Q10 P02 +Q3 PO32 * .o

N380 Gog Leg
N320 GO0 Z+200 *
NADO GBB LO *

...Subprogram bolt hole circie
_.Set the counter for finished holes

if the hole angle increment has been entered, jump to LBL 10
Calculate the hole angfe increment, distribute holes over 360°

.Caleulate seconid hote position from the start angte and hole

angle increment
Set pole at bolt circle center
Mave in the piane to first hole

Count compigted holes
Finished?

Drill second hole and further holes
Count finished holes

Catculate angle for next hole

Not finished?

.- REtractin
reemerreeseenrneeensenreneneensecennenns D OF StZDPrOgram
NS9998 % LOCHKR G71 *

7-24

TNC 425/TNC 415 B/TNC 407



7 Programming with Q Parameters

7.9 Programming Examples

Ellipse

X-coordinate calculatior: X = s cos o
Y-coordinate calculation: ¥ = bsin o

a, b : Sermimajor and semiminor axes of
the ellipse

o  : Angle between the leading axis and
the connecting line from P to the
center of the ellipse.

KXo Yoi Center of the ellipse

The points of the ellipse are calcuiated and
connected by many short lines. The more
peints that are calculated and the shorter the
lines connecting them, the smoother the
curve becomes,

The machining direction can be altered by
changing the entrigs for the starting angle
and end angle.

The input parameters are listed below in
blocks N10 to N120. Calculations are
programmed with the FORMULA function.

b
Yy P
X2 ﬁz‘ ot oy
8 X, /a .
1 X
Y,
-0 -
Yi v X
Q5
DR~
b
Qd -
k DFi+/ X
.
X

Part program

% Ellipse G771 *

NSGDOOQBPO1+0* ...
NI0 D00 Q9 POT +10* ...,

N110 D00 Q171 P01 4350 *
N120 DOC Q12 PO1 +2 *

N140 G371 GBO X+100 Y+100 Z+0 *
N180GI3 T1 L+O R+25 *

N180OT1 G17 *

N170 GO0 G40 GS0 Z+200 *

N180 10,0 *

N0 G0 Z+200 MZ*

resrrararerarsarsssarssarsasreseears ssneneers LOGE Cata
N10 DOg Q1 POT+B0 ™ oo
N20 DOD Q2 P01 +90 % Lo ece e
N30 DOO Q3 P01 +50 % e
NAD DGO QAP +20 % Lo
NECDOO QS PO 0™ Lot
NEC D00 QB PO +360 % ..o,
N7GDOD Q7 POT +40 * e errr e ra e
... RoOtational position
riiresvessneninaensss EPLH

NI1GODOO QIO POT +T100 * s rrer e
eeeeee. Milling feed rate
Setup clearance in Z
N130 G30 G17 X+0 Y+0 Z-20 *

X coordinate for center of ellipse
Y coordinate for center of ellipse
Semiaxis in X

Semiaxiz in Y

Starting angie

End angle

Number of calculation steps

Plunging feed rate

... Execute subprogram ellipse

Continued on next page...

TNC 425/TNC 415 BTNC 407
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7  Programming with Q Parameters

7.8 Programming Examples

N200 GSB L1D *

N230 Q35 =

N240 Q36 =05 ..

N250 Q37 =0 .. -
N26C Q21 = Q3 * COS Q36 ..
N270 Q22 =Q4 * SIN(Q36...

N2280 Z+Q12 *
N300 GO1 Z-Q8 FQ10 *
N310 Gog LT *

N320 036 = Q36 + Q35 ..
N330Q37 =087 +17.

N350 Q22 = Q4 * SIN 036 ...
N380 G071 X+Q21 Y+Q22 FQH

N380 G73 GoO H+0 *
N390 G54 *

N410 G98 L0 *

N210 GB4 X421 Y+QZ * e
N220 G73GI0H+O8B* L
(O80T e

N Gt = S ebs Gag

NAQO GO0 G40 GO0 Z+012 % .

... Set current angle for calculation = starting angle
ceeee 50T counter for milled steps

wuree. Calculate X coordinate for starting point
crieteemeerrenennens 8ICULETE Y cOOFdinate for starting point

N280 GO0 G40 GS0 X+Q21 Y+Q22 MS *

... Updzte the angle
<e-. Update the counter
...... Caleulate the next X coordinate
.....Calcuiate the next Y coordinate
wrrrrrenennneaneses WIOVE O NEXt point
N370 D12 PO1+037 PO2+Q7 P031
e rerrasstrnesraesans searenneemine RESET rOtELION

... Reset datum shift
cern. Move in Z 10 setup clearance
End of subprogram
N939E9 % ELLIPSE G71 *

. Shift datum to center of ellipse

... Caleulate angle increment {end angle to starting angle

....... Rapid traverse in Z to setup clearance
... Plunge to milling depth at plunging feed rate

Activate rotation if 08 is loaded

divided by the number of steps)

Move to starting point in the plane

Not finished?

7-28
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7 Programmming with Q Parameters

7.9 Programming Examples

Hemisphere machined with end mill

s ~y

Notes on the program:

= The ool moves upward in the Z/X plane.

* You can enter an oversize in block 12 (Q12)
if you want to machineg the contour in
several steps.

» The tool radius is automaticatly
compensated with parameter Q108,

The program works with the following

quantties:

+ Soiid angle: Starting angle Q1
End anglte 0z
Increment Q3

+ Sphere radius Q4

* Setup clearance Qs

* Plane angle: Starting angle Q6
End angle Q7
increment Qs

s Center of sphere: X coordinate Qs
Y coordinate Q10

+ Milling feed rate a1

+ Oversize Q12

The parameters additionally defined in the
program have the following meanings:

+ Q15: Setup clearance above the sphere

* (21. Solid angle during machining

* (Q24: Distance from center of sphere to
too! center

* (26: Plane angie during machining

Q108: TNC parameter with tool radius

Part program

%S7121G71 * erererre s rs o n e mnr s
N10 D00 Q1 F’O‘l -1-90 x

MN20 DOC Q2 PO +0 *

N30 D00 G3 POT +5 *

N40 DCO 04 P01 +45 *

NEG DOO O5 POT +2 *

NEO DQO 08 PO +0 *

N70 D00 Q7 PO1 +360 *

NS0 D00 Q8 PO +5 *

NS0 D00 Q8 POT +50 *

N100 D00 Q10 POT +50 *

N110 D00 Q11 POT +500 *

N120 DOO Q12 POT 40 *
N130 G30 G17 X+0 Y+0 Z-50 *
N140 G319 G90 X+100 Y+100 Z+0 *

N150 GIOTT L+O BB ™ i e
N160 Tt G17 SZ500* ..
N170 GO0 G40 G902+100 MDG *
NIBOLI0O ™ e
N190 Z+100 MDZ *

... Start of program

.. Assign the sphere data to the parameters
... Define workpiece blank

Define tool

... Cail toul

Retract and insert 100!

..... Call subprogram
... Retract in the infeed axis; return to beginning of program

Continued on next page...
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Programming with O Parameters

7.9 Programming Exampies

N200 G288 L10 *
N210 D01 015 P01 +Q5 P02 +04 *
N220 D00 021 PO1 401 *

N240 D00 Q26 P01 +Q6 *

N270 1+0 J+0 *

N2g0Gag L1 ~*
N300 1+Q108 K+0 *

N320 G882
N330 G11 R+04 H+0Q21 FQ11 *

N360 G171 R+04 H+Q2 * .
N370 GO0 Z+Q15 *
N380 X+Q24 *

N230 DOT Q24 POT +Q4 P02 +Q108 *

N250 G54 X+Q9 Y+Q10Z-04 * .
N260 G73 GO0 H+OE ™ et

N280 G171 R+Q24 H+QB FO1T * L.,

N310 GO Y40 Z+0 FOI * oo

N340 002 Q21 PO1 +021 P02 +Q3 * ..o
N350 D11 P01 +Q271 P02 +QZ PO3 2 »

... Determine starting and calculation vaiues

... Set pole (X/Z plane)
... Pre-positioning at each arc beginning

... Mill the highest point on the sphere
..Retractin Z

N400 D00 Q21 PO +Q1 *
N410 573 QB0 H+Q26 *

N440 G73 GBO H+0 *

N99999 %S712)1 G71 *

N390 D01 Q26 PO1 +026 POZ+Q8 ™" e
weermeranrreranee e eeane. RES6T S0lid @ngle for machining to the starting value

e ACTIVETE FOTETIOR TOr Nnext Operation

N420 D12 PO1 +Q26 P02 +Q7 P03 1 %

N430 D09 P01 +Q26 P02 +Q7 PO3 1 * L

NAS0 GBA X+0 Y40 ZH0 * oo oorerorecmsererreroe
NABO GOB L0 * ...coorerrrs s sssscrsmereensnens

.- Reset rotation

Shift daturn to center of sphere -
Rotation for prograrm start (starting plane angle}

Pre-positioning before machining

Mill the sphere upward until the highest point is reached

Retract in X
Prepare the next rotation increment

Rotate the coordinate system around the Z axis until the end
plane angle is reached

Reset data shift
End of subprogram

7-28
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8 Cycles

8.1 General Overview of Cycles

Frequently recurring machining sequences that comprise several working
steps are siored 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 following types:

+ Simple fixed eycles such as pecking and tapping, as well as the milling
operations slot miiling, rectangular pocket milling and circular pocket
milling.

s Sl [Subcontour List] Cyeles, group . These allow machining of
relstively complex contours composed of several overlapping subcon-
ours.

s SL Cyeles, group |l, for contour-oriented machining. During rough-out
and finishing, the ool 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 spindle
stop.

Programming a cycle

Defining a cycle

Enter the G function for the desired cycie and program it in the dialog. The
following exarnple illustrates how cycles are defined:

Select a cycle, such as Rigid Tapping.

086 KB
‘ -

SET-UP CLEARANCE

Enter the setup clearance (here, -2 mm.

'\

B8 KB
) ~

| ‘TOTAL BOLEDEPTH?

- 2eg
~)

e

Enter the total hole depth (here, =30 mm).

-

L. .

Enter the thread pitch (hera, +0.75 mm).

0] ]7]5
M 5

Resufting NC block: G85 P01 -2 P2 -30 P02 +0.75 *

8-2
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8  Cycles

8.1 Genersl Overview

Cycle call

The following cycles become effective automatically as soon as they are
defined in the part program:

» Coordinate transformation cycles
* Dwell time cycle
* 5L cyeles which determine the contour and the giohal parameters

All other cycles must be called separately. Further information on ¢ycle
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 cycle call

» with G79
* with miscetlaneous function M98,

If the cycle is to be executed after every positioning block, it must be
calied with misceliansous function M89 (depending on the machine
parameters).

MB9 is cancelled with « M99
* 5379
s A new cycle definition

Prereqwsst&s: _ S
' The follovwng dsata must be progran'lmed before-a cvcia cali

* Blank form for graphlc dlsp]ay

* Tool call .
Te Posmonrng block for startmg posraon X, Y .
R Posmonmg block for stamng posttion Z Esewup'j

. Cycle deﬁnmon

Dimensions in the tool axis

t

The dimensions for the tool axis are atways referenced to the position of
the tool at the time of the cycle call, and are interpreted by the controf as
incrernental dimensions. It is not necéssary to program G391,

(exeept for SL cvcies o‘f group II}

TNC 407/TNC 415 BTNC 425
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8 . Cycles

8.2 Simple Fixed Cycles

PECKING (G83)

Saquence:

The tool drills from the starting paint to the first
pecking depth at the programmed feed rate.
When It reaches the first pecking depth, the tool
retracts in rapid traverse 1o the starting position
and advances again 10 the first pecking depth
minus the advanced stop distance  (see calcula-
tions).

until the pregrarmmed total hole depth is
reached.

After the dwell time at the hole bottorn, the tool
is retractad to the starting position in rapid
traverse for chip breaking.

The tool advances with another infeed at the |
prograrnmed feed rate. E ﬁ)
Drilling and retracting are performed alterately r

e

i [T} vamtr

Fig. 8.1: PECKING cycle

Input data

SETUP CLEARANCE (&):
Distance between tool tip {at starting position) and workpiece surface

TOTAL HOLE DEFPTH @&

Distance between workpiece surface and bottom of hole (tip of dril
taper}. The algebraic sign determines the working direction (a negative
value means negative working direction).

PECKING DEFTH ©:

infeed per cut.

If the TOTAL HOLE DEPTH equals the PECKING DEPTH, the tool will
drill to the programmed total hole depth in one operation.

The PECKING DEPTH does not have 1o be & 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.

DWELL TIME in seconds:

Amount of time the tool remains at the total hole depth for chip
breaking.

FEED F

Traversing speed of the tool during drilling.

Calculations
The advanced siop distance s automaticatly calculated by the control;

-
-

At & total hole depth of up to 3¢ mm, 1 = 0.6 mm
At a total hole depth exceeding 30.mm, t = total hole depth / 50
Maximurm advanced stop distance: 7 mm

TNC 407/TNC 415 BfINC 425



8 Cycles

8.2 Simple Fixed Cycles

Example: PECKING

Hole coordinates;
RO
l® x

Hola diameter:

20 mm

80 mm

Setup clearance:
Total hole depth;
Pecking depth:
Dwell time:

Feed rate:

Y
Y
6
2
15
10
1
80

30 mm

50 mm

mm
mm
mm
mm
L)

mm/min

Zi

TNC 407/TNC 415 B/TNC 425

PECKING cycle in a part program )
%SBElI G71 * e creesieene e e enrs SLETT OF program
N10 G30 G17 X+0 Y40 2—20 * ... Defing workpiece blank
NZ0 G31 GO0 X+300 Y+100 Z+0 *
N30 GeaT1 L+0 R+3 * v Define tool
Na0 T1 G17 51200 % ... Call toal
NGO G832 P01 -2 PG2 ~—15 P03 —10 P04 1 POS 80 * ... Define PECKING cycle
NB6Q GO0 G40 G90 Z+100 MO6 * ....... Retract in the infeed axis, insert tool
N70 X+20 Y+30 MO3 * e ene e PIE=pasition for the first hole, spindle ON
N8D Z+2 MO * ereren e arnensannamnen e s e meme e oeee D TEDOSHTION N Z tO SETUR clearance, call cycie
NO0 X+80 Y+50 MQS * i ne eeeree e eeeeeen e IVIOVE 10 SECON hole, call cycle
NIQOZ+100MO2* .. . ... Retract in the infeed axis, end of program
NS9g899 % 585! G71 *
85



g Cycles

8.2 Simple Fixed Cycles

TAPPING with floating tap holder (G84)

o

Process

* 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 dn'ectlon of spindig
Fotation reverses once again.

Required tool

A floating tap holder is required. It must 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 iength}:

Distance between workpiece surface and end of thread. The algebraic
sign determines the working direction {a negative sign means negative

weorking direction).
* DWELL TIME;

Enter a dwell time between 0 and 0.5 seconds 1o avoid wedging of the
tool during retraction {further information is available from the machine

manufacturer).

e FEEDF:
Traversing speed of the tool during tapping.

Calculations
The feed rate is calcuiated as foilows:
= Sxp

where Fis the feed rate {mm/min), £is the spindle speed (rpmiand pis
the thread pitch (mm).

Fig. 8.2: TAPPING cycle

» When acycleis belng R, the spmdte speed owamda knob is d:sabied Tne feed rate cwemde knob ls onh,r

active within a Iu-mted range (preset’ by the machme manufacturer}

- For tapmng nght-hand threads actnrate the spmd!e wnh M3, for ieft—hand threads use M4

TNC 407/TNC 415 BfTNC 428
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Cycies

8.2 Simple Fixed Cycles

Example: Tapping with a floating tap holder

Cutting an M6 thread at 100 rpm
Tapping coordinates:

X = 50mm Y 20 mm

Pitch o] 1 rmm

= Sxp= F =100-1="100 mm/min

Setup clearance; 3 mm
Thread depth: 20 mm
Dwell time: 04 s

Feed rate: 100 mrm/min

TAPPING cycle in a part program

%S871 G71 *

N0 G30 G17 X0 Y0 220 * oo
N20 G31 G90 X+100 Y+100 Z+0 *

N30 GO9 T1 L+O R+3 *
N4OT1 G17 100 *

N5O G84 POT —5 P02 ~20 PO3 0.4 PO4 100 * ...

NB0 GCO 640 G0 Z+100 MOE *

NSS899 %S87i G71 *

... Start of program
... Define workpiece blank

e Define tool

... Call tool
... Define TAPPING cycle
eereereneene RETTACY in the infeed axis, insert tool
N7OX+B0 Y+Z20 MOZ * Lo aerimnsavs s eeias e eene
N0 243 MO ¥ e e
NSO Z+100 MOZ * oot sres e eesee e eran e

Pre-position in the plane, spindle ON
Fre-position in Z to setup clearance, call eycle
Retract in the infeed axis, end of program

TNC 407/TNC 415 BfTNC 425
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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 foliowing advantages over tapping with a floating
tap holder:

e Higher machining spesds possible

¢ Repeated tapping of the same thread; repetitions are enabled via
spindle crisntation to the 0° position during cycle calt (depending on
machine parameter 7160; see page 11-12).

+ [ncreased traverse range of the spindle axis due to absence of a
floating tap holder

@ Machine and control rust be specially prepared by the machine manufacturer to enable rigid tapping.

input data

s SETUP CLEARANCE (A):
Distance between tool tip (at starting position) and workpieee surface.
s 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 sign differentiates between right-hand and left-hand threads:
+ right-hand thread
left-hand thread

o

Fig. 8.3 Input data for RiGID TAPPING
cycle

@; The contvol calculstes the feed rate from the splndie speed and thread pitch. If the spindle- speed wemde :s used
during tapping, the feed rate is au‘tomatlca!!y adjusted The fead rate override knob s disabled.

THREAD CUTTING (G86)

Process

Thread cutting is performed by means of spindie control.,
The spindie rotation is combined with linear movernent in the tool axis,
enabling helix-shaped cuts.

@ GEhS THREAD CUTTI NG is adapted to the oontrol and machine by the machlne manufacturer who ¢an prcmde
further information on thls cycle _

Example

s Cutting an inner thread using a threading tool
The thread diarmeter depends on the tool used.
input data

s DEPTH: Distance between workmece surface and end of thread
» PITCH: Thread pitch

88 ' TNC 407/TNC 415 B/TNC 425
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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
mils in the longitudinat direction of the slot.
The oversize is calculated as: (slit width — tool
diameter} / 2,

After downfeed at the end of the slot, milling is
performed in the opposite direction.

This process is repeated until the programmed
mifling depth is reached.

3%

The control advances the too! at the bottom of Fig.84:  SLOT MILLING cycle

the slot on a tangential arc to the outside
contour. The tool subseguently climb mills the
contour {with M3).

At the end of the cycle, the ool is retracted in
rapid traverse to the setup clearance.

if the number of infeeds was cdd, the tool
returns 1o the starting position gt the level of the
setup clearance in the main plane.

Required tool

This cycle requires s center-cut end mill SO 1641). The cutter diameter
must be smaller than the slot width and larger than half the siot width,
The slot must be parallel 10 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 100l during penetration

FIRST SIDE LENGTH )

Siot iength, specify the sign to determine the first milling direction
SECOND SIDE LENGTH @:

Slot width

FEED RATE:
Traversing speed of the ool in the machining plane.

Fig. 85: Infeeds and distances for the
SLOT MILLING cycle

Fig.8.8:  Side lengths of the slot

TNC 407/INC 415 B/TNC 425

89




B

Cycles

8.2 Simple Fixed Cycles

Example: Slot milling

,

—

A horizontal siot (50 mm x 10 rmm) and a vertical
slot {80 mm x 10 mm) are to be milled. Ya
The tool radius in the length direction of the slot
is taken into account for the starting position. 100
F 3
Starting position, slot (D 9%
X = 78 mm Y = 15 mm 4
Starting position, slot 2):
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 101
1st milling direction - + -~
Slot width: 10 mm X
Foed rate: 120 mm/min
[ sLoT MILLING cycle in a part program
%S810 G71 * crrmvrerverennsrnnsssennsnane o SlET Of prOgram
NT0 G30 G17 X30 Y+0 2-20 * . ... Define warkpiece blank
N20 G31 GO0 X+100 Y+100 Z+D *
N30 GO9I Tt L+O R+4 * «eene... Define tool
N40 T G17 52000 * . ... Call toot
N50 G74 P01 -2 P02 —1 5 POS -5 P04 80 P05 X—SO
POB Y+10 PO7 120 * - .... Define slot paratlel to X axis
NGO GO0 G40 GS0 Z+100 MOS . rrrererneenenenenns RETECT N the infeed axis, insert tool
N70 X+76 Y+15 MO3 * ...............................Approach starting position, spindie ON
N8O Z+2 M99 * ... Pre-position in Z to setup clearance, cycle call ()
N0 G74 POt -2 P02 —15 PO3 —5 P04 80 P05 Y+80
POB X+10 PO7 120 * ... Define slot parallel 1o Y axis
N100 X+20 Y+14 M3G * ... Approach starting position, cycle call @
NTTOZ+100 MOZ * .. RETrACE N the infeed axis, end of program
NO9IS9 %5810l G71 *
810 TNC 407/TNC 415 B/TNC 425
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8.2 Simple Fixed Cycles

POCKET MILLING {G75/G76)

Process

The rectangular pocket milling cycle is a roughing cycle, in which

*+ the tool penetrates the workpiece at the starting position {pocket
centar)

= the too! subsequentiy foliows 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 atways 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 center-cut end milt {ISC 1641) or pilot drilling at the
pocket center. The pocket sides are paraliel to the axes of the coordinate
system.

Direction of rotation for roughing-out

Clockwise: 575
Counterclockwise: G76

Input data

* Setup clearance @
* Milling depth &
The algebraic sign determines the warking 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.

¢ SECOND SIDE LENGTH ®:
Pocket width
The signs of the side lengths are always positive.

s FEED RATE:
Traversing speed of the tocl in the machining plane.

Calculations

The stepover factor k is calculated as follows:
k = KxR

where Kis the overlap factor {praset 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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Sirrpie Fixed Cycles

Exampie: Rectangular pocket milling

¢ !

X = 680 mm Y = 35 mm

Setup clearance 2 mm
Milling depth 10 mm
Pecking depth: 4 mm
Feed rate for pecking: 80 mm/min
First side length: _80 mm
Second side length: 40 mm
Milling feed rate: 100 mm/min
Direction of cutter path +

J
& -
s ” I x
20 100

POCKET MILLING cycie in a part program

OS2 12I G711 * ..l

w1l

N10 G30 G17 X+0 Y0 Z~20 kS
N20 G31 GO0 X+110 Y+100 Z+D <

N3CGI9T1 L+OR+5 *
N4C T1 G17 S2000 *

NSO G76 P01 -2 P02 —10 P03 —4 P04 80 P05 X+80

A DWNTT 4 Mty
FUU I'I""I-U LV S 3 ¥/ ¥ R,

NEO GOO GAO G0 Z+100 MO6 * ..
N70 X+80 Y+35 MO3 *
NBO Z+2 M99 * ...

N99989 %5812 G71 *

N9O Z+100 M02 * ....................fﬁﬁ....IZZIZZfIZZIZI....ZI."

Ctart of program

YRl R el

Define workp:ece biank

... Define tool

.. Call tool

MNatirma OYCEET RANE IR ~opsle
s WA T WALRL | IWHekLITVW UYL

... Retract in the infeed axis, insert tocl

Approach the starting position (centar of pocket), spindle ON
... Pre-position in Z 1o setup clearance, 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 & roughing cycle in which the tool penetrates
the woerkpigce from the starting position (pocket center.

The eutter subsequently follows & spirat path {shown in figure B.10) at
the programmed feed rate. The stepover factor is determined by the
value k {see G75/G76 POCKET MILLING, Calculations).

The process is repeated until the programmed milling depth is reached.

At the end of the cycle, the ool is retracted to the starting position.

Required tool

The cycle requires a center-cut end mill (ISQ 1641}, or pilot drilling at the
pocket center.

Direction of rotation for roughing-out

Clockwise: G77
Counterclockwise: G78

Inpist data

SETUP CLEARANCE @&

MILLING DEPTH (B: pocket DEPTH.

The algebraic sign determines the working direction (a negative sign
means nagative warking 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 BfTNC 425
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8

Cycles

8.2 Simple Fixed Cycles

Example: Milling a circular pocket

I

Pocket center coordinates:

X =680mm Y = B0 mm

Setup clearance:

Milling depth:

Pecking depth:

Feed rate for pecking:
Circle radius:

Milling feed rate:

Direction of the cutter path:

12

35
100

mm
mm
mm
mmy/min
mm

mmy/min

GaSBIAIGTT ™ et

N10 G30 G17 X+0 Y+0 220 *

CIRCULAR POCKET cycle in a part program

NZ20 G371 G0 X+100 Y+100 Z+0 *

N30 GO39 T1 L+OR+4 *
N40 T1 G17 S2000 *

POS 100 * .

NS0 GO0 G40 G0 Z+100 MDE * i,
N70 X480 Y+B0 MO2 * ..o

NSO Z+100 MO2 * ...
N28999 %S84l G71 *

.-.... Define tool
...... Call ool
NS0 G77 P01 -2 P02 -12 PDS -6 P04 80 P05 35

... Retract in the infeed axis, end of program

Start of program
Define workpiece blank

Define circular pocket milling cycle

Retract in the infeed axis, insert 100l

Approach the starting position (¢enter of packet), spindle ON
Fre-position in Z to setup clearance, cycle call

314
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8 Cycles

8.3 SL Cycles (Group I)

SL cycles are highly efficient eycles that allow machining of any contour.
These cycies have the foliowing characteristics:

s A contour can be composed of severai overfapping subcontours.
Islands or pockets can form 2 subcontour.,

* The subcentours 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 date are specified in the foilowing cycles:

» PILOT DRILLING (G56)
* ROUGH-OUT {G57)
¢+ CONTOUR MILLING (G58/G59)

The SL cycles of group I offer further, contour-criented 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 istand:

* The control recognizes a pocket if the tool path fies inside the contour
» The control recognizes an isfand if the tool path lies outside the contour

For easier familiarization, the following exampies begin with only the
rough-out cycie and then proceed progressively to the full range of
functions provided by this group of cycles.

Programming paraliel axes

Machining operations can siso be programmed in paraliel axes as SL
cycles. {in this case, graphic simulation is not available). The paralisl axes
must lie in the machining plane.

Input data

Paraltel axes are programmed in the first coordinate block (positioning
block, 1,J.K block) of the first subprogram calied in ¢ycle G37 CONTOUR
GEOMETRY. Ceordinate axes entered subsequently will be ignored.

TNC 407/TNC 415 BfTNC 425 815



8 Cycles
8.3 SL Cycles (Group )

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 Isbel 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
islands
Example:
GOS8 T3 L+DR+35 "
T3G17351500 *........ erenensasrersararaseat Working plane perpendicular to 7 axis
G37P0T1PO22PO33*
GO0 G40 Z+100 M2 *
GIB LY ettt ns s sesn e eeeseeenness FITST CONTOUT 1abel for cyele G37 CONTOUR GEOMETRY
GO GA2 XHD Y10 v isrirsnerescsssnnsnrissnivasevesevans Machining in the X/Y plane
X+20Y+10
[+50 J+50

816 TNC 407/TNC 415 BfTNC 425



8 Cycles

8.3 SL Cycles {Group )

ROUGH-OUT (G57)
The ROUGH-CUT cycle specifies cuiting path and partitioning.

Sequence

» The control pasitions 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 retums 10 the infeed point, it is advanced to the
next pecking depth.

This process is repeated until the programmed milting depth is reached.

Further subcontours are milted in the same manner.

Roughing-out pockets:

After milling the contour the pocket is roughed-out. The stepover is
defined by the tool radius.
[slands are jumped over,

* |f required, pockets can be cleared with several downfeeds.

At the end of the ¢ycle, the toel is retracted to the setup clesrance.

Required tool

The cycle requires a center-cut end mill (SO 1841) 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
meang regative working direction).

PECKING DEPTH ©

FEED RATE FOR PECKING:

Traversing speed of the tool during penetration

FINISHING ALLOWANCE ©:

Allowance in the machining plane (positive vaiue)

ROUGH-OUT ANGLE @

Feed diraction for roughing-out.

The rough-cut angle is relative to the angle reference axis and can be
set, s0 that the resulting cuts are as long as possible with few cutting
IMOVEMENTSs. ’

FEED RATE:

Traversing speed of the tool in the machining plane

The machine parameters determine whether

s the contour is milled first and then surface machined, or vice versa
« ihe contour is milied conventicnally or by climb cutti;‘ng
» all pockets are roughed-out first and then contour-miiled over all

infeeds, or whether
contour milling and roughing-out are performed mutually for each
infeed

Fig. 814

Infeeds and distences of the

ROUGH-OUT cycle

|

Fig. 8.15:

Cugter path for roughing-out

TNC 407/TNC 415 B/TNC 425
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B Cycles

83 St Cycles (Group )

Example: Roughing-oust a rectangular pocket

p

Rectangular pocket with rounded corners
Tool: center-cut end mill {ISO 1641),

radius 5 rm
Coordinates of the island corners:
X Y
@ 70 mm 60 mrmn
@ 15 mm 80 mm
@ 18 mm 20 mm
@ 70 mm 20 mm
Coordinates of the auxiliary pocket;
X Y
-5 mm -5 mm

106 mm =5 mm
® 105 mm 105 mm
® -5 mm 105 mm
Starting peint for machining:
& X=40 mm Y=60 mm
Setup clearance: 2 mm
Milling depth: 15 mm
Pecking depth: 8 mm
Feed rate for pecking: 100 mm/min
Finishing alfowance; 4]
Rough-out angle: g
Milling feed rate: 500 mmimin

ROUGH-OUT tycle in a part program
%58181 G71 *
N20 G31 X+100 Y+100 Z+0 *

N60 G57 P01 -2 P02 —15 P03 —8 P04 100 P05 +0
PO& +0 PO7 500 *
N70 GO0 G40 GS0 Z+100 MOG *

N700 Z+100 MO2 *

N110G98 L1 *
N120 GO1 GAZ X+40 Y+60 *
Ni30OX+15*

N150 Y+20 *
N160 G25 R12 *
N170 X+70 *
N180 GZ5 R12 *
N180 Y+80 *
N200 G25 R12 *
N210 X+40 *
N2z20Gss Lo *

N230 G9s8 L2 *

N240 GO1 G4t XBY-5*
N280 X+105 *

N260 Y+105 *

N270 X5 *

N2B0 Y-5 *

N2280 GaB L0 *

N99298 %58181 G71 *

N10G30 GT7 X40 Y40 2-20 % ...

NIDGITT L0 RH3 ™ e
NAD T1 G17 32500 * ...t crereeerecri e
NEGG37POT ZPOZ2 T * e

... Start of program
... befine workpiece blank

Define too!

Call tool

In the CONTOUR GEOMETRY cycie, state that the contour
elements are described in subprograms 2 ang 1

... Cycle definition ROUGH-OUT

eereereseaneeennen s RETFACT 1N the infeed axis, insert tool
NBO X440 Y4+S0 MO3 * e eeeeeereaan
NOO Z 2 MO ™ e ee e eeeeme e e

Pre-position in X/Y, spindie ON
Pre-position in Z to setup clearance, cycle call

Subprogram 1:

Geometry of the island

(radius compensation G42 and machining in counterclockwise
direction: the contour element is an isfand)

Subprogram 2:

Geometry of the auxiliary pocket:

External boundary of the area to

be machined

{radius compensation G41 and machining in counterclockwise
direction: the contour elernent is a pocket)

818
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B Cycles

8.3 &L Cycles {Groug I}

Overlapping contours

Pockets and istands can also be cverapped 1o 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
G37 CONTOUR GEOMETRY. The starting position should be located as

far as possible from the superimposed contours.

Example: Overlapping pockets

The rmachining process starts with the first contour label defined in
block 6. The first pocket must begin outside the second poacket.

Fig.8.16: Examples of overlapping contours

-

Inside rmachining with a center~cut end mil
{1SC 1641), too! radius 3 mm

Coordinates of the circle centers:

Circle radii
R = 25mm

Satety clearance:
Milling depth:
Packing depth:

Feed rate for pecking:

Finishing allowance;
Rough-out angle:
Milling feed rate:

Y
Y

10

500

500

80 mm
50 mm

mm
mm
mm
mm/min

mm/min

.

-

"

Continued on next page...

TNC 407/TNC 415 B/TNC 425
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8

Cycles

8.3 St Cycles (Group I}

Cytle in a part program

%S8201 G71 * '

N20 G31 X+100 Y+100 Z+0 *

NAO T1 G17 S2500 * w.oooorooocorerrern

NB0 G57 P01 -2 POZ -15 P03 -8 PG4 100 P05 +0
P06 +0 PO7 500 *
N70 GO0 G40 G20 Z+100 MOS *

NBO X+50 Y+50 MO3 *

N100 2+100 MO2 *
NT10Ga8 L1 *

N140 Ge8 Lo *
N150 GS8 L2 *

N180 Gg8 Lo *
NS9O29 %S8201 G71 *

LN

N10 G30 G17 X40 Y40 Z-20 % oo
N3O GOSTT L+O RB+3 % et e

NBO G37 POT 1 PO22*

... 5tart of program
... Define workpiece biank

Defing tool

... Call tooi
.In the CONTOUR GEOMETRY cycie, state that the contour

glements are described in subprograms 1 and 2

v Cyele definition ROUGH-OUT
veeeee. Retract in the infeed axis, insert tool
erremeesransraesreesasan e aeene - PIEFROSIION In X/Y, spindle ON
NSO Z4+2 MOB ® i eemereeee s veraseraess e omameenns

Pre-position in Z 10 setup clearance, cycle cait

Subprograms: Overlapping pockets

Pocket elerments A and B overlap.

The controf automatically calculates the points of intersection S, and 5,
{they da not have 10 be programmed). The pockets are programmed as full

circles.

N110  G98LE1T*
N120 G071 G41 X+10Y+50 *

N130 1+35J+50 GO3 X+10Y+30 * A Left pocket

N14Q GosLO*

N1B0 GeglL2*
N180 G011 G41 X+90 Y+50 *

N170  1+65 J+50 GO3 X490 Y+50 * B Right pocket

N180 GBslo*
N298839 % 58201 G771 *

=

g.8.17: Points of intersection $,and 5, of

Depending on the control setup (machine parameters), machining starts pockets Aand &

either with the outiine or the surface:

Fig. 8.18: Qutline is machined first

Fig. 8.18: Surface is rmachined first

820
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8 LCycles

8.3 SL Cycles (Group 1)

Area of inclusion

Both surfaces A and B are to be machined, includ-
ing the rmutually overlapped area.

» Aand B must be pockets.
* The first packet {in cycle G37) must start cutside
the second pocket.

NG GsBL1*

N120 GOT G471 X+10Y+560 *

N130  1+35 J+50 GO3 X+10 Y+50 *
N140 G98LO*

N1B0 Gesiz*

N160 GO1 G41 X+90 ¥Y+50 *
N170 165 J+50 GO3 X+50 Y+50 *
N180 GSsLO*™

Fig. 8.20: Owverlapping pockets: area of inclusion

Area of exclusion

Surface Ais to be machined withaut the portion
overlappad by 8.

* A must be 8 packet and £ an isiand,
s A must start outside of B.

N110 GBB LT *

N120 GOT G41 X+10 Y450 *

N130  1+35J+50 GO3 X+10Y+50 *
N140 GBBLC*

N150 GogL2*

N160 G071 G4Z2X+90Y+50*

N170  1+85 J+50 GO3 X+80 Y+50 *
N80 @e8LO*

Fig. 8.21: Overlapping pockets: area of exclusion

Area of intersection

Only the area overlappad by both Aand Bis to be
machined.

= A and B must be pockets.
* Armust start inside £,

N110  GSBL1*

N120 GOt G41 X+60 Y+5bQ *

MN130 1435 J+50 GO3 X+60 Y+50 *
N140 GS8LO*

N150 GBge2*

N180  GO1 G41 X+90 Y+50 *
N170  1+65 J+50 GO3 X+90 Y+50 *
N180 G98LO*

Fig. 8.22: Overlapping packets: area of intersection
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8 Cycles
83 Si Cycles (Group 1)

Subprogram: Overlapping islands

An island always requires a pocket as an additional boundary {here, G88
L1]. A pocket can also reduce more than one island surface. The starting
point of this pocket must be within the first island. The starting points of
the remaining intersecting island contours must be outside the pocket.

%S58221 G671 *

N10  G30G17 X+0Y+0 Z-20*

N20 G371 X+100Y+100 240 *

N30 (G89T1 L+OR+25*

N40  T1G17 52800 *

NS0  G37PO12P0O23PO31*

Ne0  GB7 P01 -2 P0Z =10 P03 -5 P04 100
PO5 «0 POB +0 P07 500 *

N70 GO0 G40 G0 Z+100 MOE *

N8C  X+50 Y+50 MO3 *

NOD Z+Z2MB8”

N100  Z+100 MO2Z *

N110  GOsL1 *

N120 GO1G41 X+5Y+5*

N130 X+95*

N140 Y+95 *

N160 X+H*

N80 Y+5*

N170 GSBLO~*

N180 Ggslz*

N210 GS8LOo*
N220 GesL3*

Nz250 GSsLO ™
N99999 %S8221 G71 *

Area of inclusion

Elemnents A and B are to be left unmachined,
including the mutually overfapped surface.

* Aand Bmust be islands.
= The first island must start outside the second
island,

N1B0 GegL2*

N180 G01 G42 X+10Y+80 *

N200 1435 Y450 GO3 X+10 Y+50 *
N210 GS8LO*

N220 GSsL3*

N230 GOT G4Z A+90 Y+60 *

MN240 1466 J+50 GO3 X+80 Y+50 *
N250 GeBlO*

MN88399 % 3822 | G71

Fig. 8.23: Owerlapping islands: area of inclusion
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8 Cycles
B3 8L Cycles (Group B

Area of axclusion
Surface Ais to be left unmachined, without the

portion overlapped by 8.
* Amust be an island and B a pocket.
* B must lie within A

N180 GesL2*

N180  GOT1 G4Z X+10Y+50 *

N200  i+35 J+50 GO3 X+10 Y+50 *
N210 GegLo*

NZ220 GBBL3*

NZ30 GOt G41 X+40 Y+50 *

N240  1+68 J+50 GO3 X+40 Y+50 *

KRN raQin*
[l petr ey & B

N9Z980 58221 571+

Fig. 8.24: Overlapping islands: area of exclusion

Area of intersection

Only the area overlapped by both Aand Bis to
remain unrnachined.

» Aand Bmust be islands.
* A must start within B,

N1gd  GssL2*

N180 GO1 G42 X+60 Y+50 *

N200  1+35 J+50 GO3 X+60 Y+50 *
N21G  G9sLo*

N220 GSBL3*

NZ30  GOT G42Z X+90 Y+50 *

N240 465 J+50 GG3 X+90 Y+50 *
N250 Geslo*

N28988 % 58221 G71

Fig. 8.25: Qverlapping islands: area of intersection
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8

Cycles

8.3 SL Cycles (Group I}

Example: Overlapping pockets and islands

¢ ™ rr

PGM £824! is similar to PGM $8201 but adds
the islands Cand D.

Tool: Center-cut end mill (1ISOQ 1641),

radius 3 mm

The contour is composed of the following
elements:

Two overlapping pockats (A and B), and
two islands within the pockets (C and DJ.

Cycle in a part program

% 58241 G71 *

N10 G30 G17 X+0 Y+0 Z-20 *

N2C G31 X+100 Y+100 Z+0 *

N30 Go9T1 L+OR+3 *

N40 T1 G17 52500 *

N50 G37 P01 1 PO22 PO33 P04 4 *
N80 G57 P01 -2 P02 -10 PO2 -5 P04 100 P05 +2 PCG +0 PO7 500 *
N70 G00 G40 G906 Z+100 MOG *
NB0 X+50 Y+50 M0O3 *

NS0 Z+2 Mg9 *

N#0D Z+100 MO2 *

NTI1oGe8 L1 *

N120 GO1 G341 X+10Y+50*

N130 1435 J+50 GOI X+10Y+60 *
N140GEBLO *

NibDGogL2 *

NT180 GO1 G471 X+80 Y450 *

N170 1465 J+50 GO3 X+80 Y+50 *
N180 Ggs LC *

N190 GES L3 *

N200 GO1 G41 X+27 Y+42 *
N210 ¥Y+E68 *

N220 X443 *

N230 Y+42 *

N240 X+27 *

N250 Gog L0 *

N260 G9g L4 *

NZ70 GO1 G42 X+57 Y+42 *
N280 X473 *

N2S0 X+65 Y+58 *

N300 X+57 Y+42 *
N310G98 L0 *

N29989 %S824| G71*

824
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8 Cycles

8.3 Sk Cycles {Group )

Fig.8.26. Milling of cutline Fig. 8.27: Finished workpiece

PILOT DRILLING {G56)

This cycle performs pilot drilling of holes for cutter infeed at the starting
points of the subcontours. With SL contours consisting of several overiap-
ping pockets and isiands, the cutter infeed point is the starting point of the
first subcontour: -

[ ]
-
-

The tool is positionad at setup clearance pver the first infeed point.
The drilling sequence is identical to fixed cycle G83 PECKING.

The toof is then positionad above the second infeed point, and the
drilling process is repgated.

input data

" % 8 % 0

SETUP CLEARANCE

TOTAL HOLE DEPTH

PECKING DEPTH .

DWELL TIME identical to cycle GB3

FEED RATE : PECKING

FINISHING ALLOWANCE @

Allowed material for the drilling operation [see figure 8.29).

The sum of the tool radius and the finishing allowance should be the
same Tor pilot drilling as for roughing out.

Ya
Fig.8.28: Exampie of cutter infeed points
for PECKING
Y

TNC 407/TNC 415 B/TNC 425
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Cycles

83 5L Cycles (Group 1)

CONTOUR MILLING (G58/G59)

The CONTQUR MILLING cycles are used to finish-mill the contour pocket.

The cycles can also be used generally for milling contours.

Sequence

L J
L ]

The tool is positioned at setup clearance over the first starting point.
Moving at the programmed feed rate, the tool then penstrates 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.

At the infeed point, the controf advances the ool to the next pecking
depth.

This process is repeated untit the prograrmmed milfing depth is reached.
The remaining subcentours are milled in the same manner.

Required tool
The cycle requires a center-cut end milk {ISO 1641),

Direction of rotation during contour fnilling
Clockwise: G58 '

For M3: up-cut milling for pocket and island

Counterclockwise. G58

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).

¢ PECKING DEFTH ©
+ FEED RATE FOR PECKING:

Traversing speed of the tool during penetration
FEED RATE:
Traversing speed of the tool in the machining piane

Fig.8.30: Infeeds and distances for
CONTOUR MILLING

Y4

JraiN > X

Fig. 8.31: Finishing allowance

826
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2 Cycles
8.3 SL Cycles {(Group 1)

The following scheme illustrates the application of the ¢ycles PILOT
DRILLING, ROUGH-OUT and CONTCUR MILLING in part programming.

1. List of contour subprograms

G37
No call

2. Drilling

Define and call the driliing too!
G568

Pre-positiontng

Cycle call

Fig. 8.32: PILOT DRILLING ¢ycle

3. Rough-out

Define and call rough milling tool
G57

Pre-positioning

Cycle call

Fig. 8.33: ROUGH-OUT cycle

4. Finishing

Define and ¢all finish miiling tool
G58/G59

Fre-positioning

Cycle call

Fig. 8.34¢: CONTOUR MILLING cycie

5. Contour subprograms

MO2 *
Subprograms for the subcontours

TNC 407/TNC 415 B/TNC 425 8~I27



8 Cycles
8.3 SL Cycles {Group I

Example: Overlapping pockets with islands

Inside machining with pre-positioning, [

roughing-out and finishing.

PGM 5828l 15 based on $824!;

The main program section is expanded by the

cycle definitions and calls for pilot drilling and

finishing.

The contour subprograms 1 to 4 are identical 10

the ones in PGM 5824 {see pages 8-24 and

8-25) and are to be added after biock N300,

%S8281 G711 * e STATE OF program

N10 G30 G17 X+0 Y+0 Z-20 * . crereeeeee e DEFNE WoOrkpiece blank
N20 G31 X+100 Y+100 Z2+0 * :

N30 G2 TT L+D R+2.0 ™ .t e e eneenss 100) defintition: drifl bit

NAD GOS8 TZ L+O R43 ™ e rversvmrenennes TOO} dBfintition: roughing mill
NS0 GOI T3 L+ R+2.5 % e secnaenene. 100 definition: finishing mill
NE0 L10.0 * Subprogram calf for tool change
N70 G38 M06 * SOOI o = o |- o ) [ <

N8O T3 G17 S2500 * e ... Tool ¢all: drill bit

NS0 G37 P01 1 PO2 2 P03 3 PO4 4 *. .. Cycle definition: Contour Geometry
N100 G56 P01 -2 P02 -10 PO3 -5 P04 500 P05 +2 - . Cycle definition: Pilot Driling
N110 Z+2 MO3 *

NT20 BT ™ it eimenressensinneen: GYGIE Call: Pilot Drilling
N130L10,0*

NTAG GIBMOB ¥ .o ercrerteee vt ernersrereeeneeeneenns 1001 ChENGE

NIBOTZ GI17 ST780 ¥ .ot erieenersensseeeesstesanas Tooi call; roughing mill

MN160 G57 P01 -2 P02 -10 PO3 -5 P04 100 PO5+2

POG+0 PO7 BOO * . eeeeerrenenene ...Cycle definition: Rough-Out
N170Z+2 MO3 *

NTBO G79™ e Sl €211 Rough-Out

N190 L10,0 * .

N200 G38 M06 * eerme e s e e e meneenenee e 1001 CHEANQE

N210 T3 G17 82500 * ceeerereene 1001 €3l finishing mill

N220 GB8 P01 -2 PDZ 10 P03 —10 P04 100

POSS00* ....cocveeeen ... Cycle definition: Contour Miliing
N230 Z+2 MO3 *

N240 G79 * vertsssrieseseee e WYCIE €8I Contour Milling
N250 Z+100 M02 W

N2B0 GEBLID ™ e re e SUBPrOgRam for tool change
N270TO G17 *

N280 GO0 G40 GO0 Z+100 *

NZ220 X=20 Y-20 *

N300 Ga8 Lo *

From block N310: Add subprograms on pages 824 and 8-25

N29998 %5829 G71 *

828 TNC 407/TNC 415 B/TNC 425



8 Cycles

8.4 SL Cycles (Group I}

The SL cycles of group Il alfow contour-oniented machining of complex
contours and achieve a particularly high degree of surface finish.

These cycles differ frorm those of group | in the following ways:

Before the cycle stans, the TNC autormnatically positions the 100! 1o 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 prevant surface blemishes at inside corners (this applies for
the outermost pass in cycles G123 and G124),

The contour is approached in a tangerial arc for side finishing.

For floor finishing, the too! again approaches the workpiece in a tangen-
tial are (for tool axis Z, for example, the arc may be in the Z/X plane}.

* The contour is machified throughout in either climb or up-cut milling.

MP 7420 is replaced by DIRECTION OF ROTATION Q8.

The machining data {such as milling depth, finishing allowance and setup
clearance) are entered as CONTQUR DATA in cycle GT120.

Trere are four cyeles for contour-orientad machining:

PILOT DRILLING (G121)
ROUGH-OUT (G122
FLOOR FINISHING (G123}
SIDE FINISHING (G124)

TNC 407/TNC 415 B/TNC 425
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Cycles

8.4 SL Cycles (Group il

CONTOUR DATA (G120)

Application

ivlachining data for the subprograrms describing the subcontours are
entered in cycle G120. These data are valid for cycles G121 to G124,

Input data

+ MILLING DEPTH Q1
Distance between workpiece surface and pocket floor. The algebraic
sign determines the working direction {negative sign means negative
waorking direction).
= PATH QVERLAP FACTOR Q2
Q2 * toof radius = stepover factor k
« ALLOWANCE FOR SIDE O3
Finishing allowance in the working plane
s ALLOWANCE FOR FLOOR Q4
Finishing allowance in the tool axis
= WORKPIECE SURFACE COORDINATES Q5
Absolute coordinates of the workplece surface referenced to the
workpiece datum
» SETUP CLEARANCE Q86
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 at the end of the cycle).
» ROUNDING RADIUS Q8
inside “corner” rounding radius
¢ DIRECTION OF ROTATION 09
Direction of rotation or pockets:
Clockwise (Q9 = =1)
up-cut milling for pocket and island
Counterclockwise (Q9 = +1}
climb milling for pocket and island

Activation
(3120 becormes effective immediately upon definition.

The machining parareters can be checked during a program interruption
and overwritten if required.

if the SL cycles are used in Q parameter programs, the cycle parameters
a1 to Q14 cannot be used as program parameters.

ZA

Fig. 8.35; Workpiece surface coordinates 05

-
X

Fig.8.36: Directicn of rotation Q8 and
stepover factor k

Fig. 8.37: Distance and infeed parameters

8-30
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8  Cycles
84 SL Cycles (Group 1)

PILOT DRILLING (G121)

Application Yai

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 cyole G83 PECKING.
i x .
Input data
+« PECKING DEPTH Q10
Dimension by which the tool driils in each infeed Fig 838 Possible infead point for
{negative sign for negative direction) PILOT DRILLING
« FEED RATE FOR PECKING Q11
Traversing speed of the tool in mm/min during drifling
* ROUGH MILL 13
~  Too! number of the roughing mill
231

TNC 4077TNC 415 B/TNC 425
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Cycles

8.4 5L Cycles (Group |I)

ROUGH-OUT {G122)

Sequence

The control positions the tool aver the cutter
infeed point

The ALLOWANCE FOR SIDE is taken into
account.

After reaching the first pecking depth, the tocl
mills the contour in an gutward direction at the
prograrnmed feed rate Q12.

First the island cantours {C and Din figure 8.39)
are rough-milled until the pocket contour {4, Bl is
approached. -
Then the pocket contour is rough-milled &nd the
tool is retracted to the CLEARANCE HEIGHT.

Input data

PECKING DEPTH Q10 '

BDimension by which the fool is plunged.in each infeed
{neqative sign for negative direction)

FEED RATE FOR PECKING Q11

Traversing speed of the tool in mmy/min during penetration
FEED RATE FOR MILLING Q12

Traversing speed of the tool in mrm/min while milling

Required tool

The eycie raquires a center-cut end mill {ISO 1641} if the pocket is not
separately pilot drilled or if the 100l must repeatedly jump over contours.

FLOOR FNISHING (G123)
Sequence

Cycle G123 FLOOR FINISHING functions similar to cycle G122 ROUGH-
QUT. The tool approaches the machining plane in @ vertically tangential
arc. :

Input data

FEED RATE FOR PECKING Q11

Traversing speed of the tool during penetration
FEED RATE FOR MILLING Q12

Traversing speed of the tool in the machining plane

Fig. 839 Cuter path for ROUGH-OUT.
A'and B are pockets, Cand Dare
isiands

832
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8 Cycles

8.4 8L Cycles {Group I}

SIDE FINISHING {G124)

Sequence

The subcontours are approached and departed on a tangential arc. Each
subcontour is finish-milled separately.

Input data

+ DIRECTION OF ROTATION Q2
Direction of the cutter path
Clockwise: +1
Counterciockwise: -1
» PECKING DEPTH Q10
Dimension by which the 100l plunges in each infeed
» FEED RATE FOR PECKING Q11
Traversing speed during penetration
+ FEED RATE FOR MILLING Q12
Traversing speed for milling
+ ALLOWANCE FOR SIDE Q14
Enter the allowed material for several finish-milling operations.
H Q14 = Q is entered, the remaining finishing allowance will be clearad.

Prerequisites

* The sum of ALLOWANCE FOR SIDE (Q14) and the radius of the finish
mill must be smaller than sum of ALLOWANCE FOR SIDE (O3, cycie
(120} and the radius of the roughing miil. This calculation also holds if
(G124 is sun without having roughed out with G122, in which case {
should be used for the radius of the roughing mill.

Example: Rectangular pocket with round island

™) s

Input parameters:

Milling depth C1: =15 mm
Path overlap Q2 1
Allowance side O3: 1 mm
Allowance depth Q4: T mm
Top surface of workptece Q5: 0
Setup clearance QU6: 2mm
Clearance height Q7. 50
Rounding radius Q8: 10 men
Direction of rotation Q9: +1
Subcontours are defined in subprograms
1and2.

L. —_ "

ZA

-

Cominued on next page...
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B Cycles

B.4 SL Cycles (Group I}

Part program
%5835 G71 *

N20 G31 GO0 X+100 Y+100 Z+0 *
N30GES TTIL+OR+3 * i
NAO GBS T2 L+0 R+25 %

NBO GE9 T3 L+0 R+25*
NE0OG37PC11PO22*

08=-2 O7=+50 O08=+10 08=+1 *.
NED L10,0 *

N110 G78 M3 *
Ni120L10,0*

N150 G79 M3 *
N160 L10,0*

N180 (G123 Q11=80 Q12=250 *.
N190 G738 M3~

Qi4=+0"* S
N210 G79 M3 .

N240TO G17 *

N260 GO0 G40 G0 Z+100 *
N2B0 X-20 Y20 M6 *
N270GSBLO *

N280 598 L1 *

N300 Y+80 *
N310 X+80
N320 Y+10 *
N330 X+10 *
N340 Y450 *
N350 G298 Lo *

N380 Gog L2 *

N380 1+50 J+80 *
N390 GUZ X+35 Y+50 *
N400 Gg8.L0 *

N99989 9% 58351 G71 *

e eanenens ST OF PrOgram
N10 G30 G17 X+0 Y+0 7-20 * ... Define workpiece blank

... Define tools

- ......Cycle definition: Contour Geometry
N70 G120 Q1=-15 Q2= 1 03 +'I Q4-+T Q5-+0 .
. <eeens Cycle definition: Contour Data

e s e e W81 SUDPIOgram for tool change
NS0 T1 G17 82500 *
N100 G121 Q10=-10 11=100 Q13=2 * . renee. Cycle definition: Filot Drilling
N crerrarereeenereanes GYCIE Call: Pilot Drilling
et e e s eem e e e ereen - (01| SUDTTOGRAM for tool change
Ni130T2 G17 81500 -
N140 G122 Q10=-10 Q11=100 Q12=500 * .
JURRUTOR creerneneeeen. OYCHR CEIl: Rough-Out
crrirsse st eees B8 SUBPTOGram for tool change
N170 T3 G17 33000 .
«...... Cycie definition: Floor Finishing
... LyCle call: Floor Finishing
N200 G124 09-+1 010-——5 O‘H 100 012-240
v Cycle definition: Side Finishing
et e e WGl AL Side Finishing
N220 GOQ G40 Z+‘I 00 M2 ®

Nag) oo0 & 2)( OY et e e eeeens . GOMTOUE SUbProgram: Rectangular Pocket
1G4 +1 +50 Ly

ernrrreeere e e enaree s GOMMOUT SUbprogram; Circutar Island
N370 GO1 G41 X+35 Y+50 o

Cycle definition: Rough-Out

Subprogram for ool change

834
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B Cytles _
84 SL Cycles {Group I}

CONTOUR TRAIN (G125)
Sequence

This ¢ycle 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 positioning blocks:

= The contro! monitors the operation to prevent undercuts and surface
biemishes. It is recommended that you run & graphic simulation of the
contour before execution.

» if the radius of the selected 100l is 100 large, the cormers of the
contour may have to be reworked.

« The contour can be machined throughout by up-cut or by climb milfing.

+ The tool can be traversed back and forth for milling in several infeeds.
This results in faster rmachining.

» Allowsnce values can be entered in order to perform repeated rough- Fig.8.40:  BExample of an open contour
milling and finish milling operations.

I e e Tt s St i

@ 6125 CDNTOUR 'FFWN shouid notbe used ﬁx_desed oomours W:th dosed contours the startmgpomandend

input data

*+ MIELING DEPTH Q1
Distance between workpiece surface and contour fioor. The sign
determines the working direction (a niegative sign means negative
working direction).

* ALLOWANCE FOR SIDE Q3
Finishing allowance in the machining plane

» \WORKPIECE SURFACE COORDINATES Q5
Absolute coordinates of the workpiece surface referenced to the
workpiece datum

* CLEARANCE HEIGHT &/
Ansolute height at which the toof cannot collide with the workpiece.
Position for tool retraction at the end of the ¢ycie.

* PECKING DEPTH Q10
Dimension by which the tool is piungad for each infeed

= 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 UPCUT Q15
Climb milling: inputvalue = +1
Up-cut milfing:  input vaiue = —1
To enable climb milling and conventional up-cut milling alternately in
several infeeds: input vaiue =0

TNC 407/TNC 415 B/TNC 425 ' 835
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Cycles

84 SL Cycles {(Group 1)

Example

7

Input parameters in cycle G125

Milting depth Q1:

Allgwance for side 03:

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
0
10
=2 mm
100 mm/min
200 rom/min
+1

Yj

95

80
75

50

100 X

Cycle in part program
%S837IG71 *

N10 G30 G17 X40 Y40 Z=20* oo
N20 G31 GO0 X+100 Y+100 Z+0 *

N30G99T1 L+CR+10*

NBO G37 POT 1 %

Q11=100 Q12=200 O16=+1 * ...

N70 GOO G40 GA0 Z+100 M2 * oo
... Cycle call

N80 G78 *

Non G G40 Z+100 M2 o

N100 GOB LT *

N110 GOT GM X+0 Y+15 %

N120 X+5Y+20 *
N130 GOE X+5 Y+75 *
N140 GO1 Y+95 *
N150 (325 R7.5 *
N160 GO1 X+50 *
N170 G25 R7.5 *
N180 X+100 Y+80 *
N180 GO8 L0 *
N28889 %5837 G71 *

URRIORRPRPORIRRNN b - 11118 (o o)
NAOTT GI7 S1800 % oo ermee v
.. Cycle definition: Contour Geometry
N6C G125 Q1 =—12 Q3=+0 Q5=+0 Q7=+10 Q10=-2

Call tool

Cyble definition: Contour Train

.- Start of pragram
... Define workpiece blank

Retract in the infeed axis, spindle ON

... Contour subprogram

TNC 407/TNC 415 B/TNC 426



8 Cycles

8.5 Coordinate Transformations

Once a contour has been programmed, it can be
positioned an the workpiece at various locations
and in different sizes through the use of coordinate i
transformations. The following cycles are available
for this: .

* DATUM SHIFT {G53/G54)
s MIRROR IMAGE (G28)

» ROTATION (G73}

e SCALING (G72}

The originai contour must be marked in the part
program as a subprogram or a program section.

Buration of effect

A coordinate transformation becomes effective as 1. ]

soon as it is defined, and remains in effect until it is . _ - :
changed or cancelled. Co @ . @

Cancellation

Coordindte transformations can be cancelled in the W o N ]

following ways: : *@ ' - —@

s Define cycles for basic behavior with a new
value (such as scaling factor 1}

* Execute a miscellaneous function M02 or M30,
or an N99999 %... biock (depending on machine
parameters)

+ Select @ new program

Fig.8.41: Examnpies of coordinate transformations
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8 Cycles

8.5 Coordinate Transformations

DATUM SHIFT (G54)
Application

A datum shift allows machining operations to be repeated at various
logations on the workpiece.

Activation

After cycle definition of the DATUM SRHIFT, all coordinate data are based
on the new datum. The datum shift is shown in the additional status
display. :

input data

For a datum shift, you need only enter the coordinates of the new datumn _
(zero point). Absolute values are referenced to the manually set workpiece  Fig. 5.42:  Activation of datumn shift
datum. Incremental values are referenced 1o the datum which was iast

valid (this can ba a datum which has already been shifted).

ZA zZA

Fig. 8.43: Datum shift, sbsolute Fig. 8.44: Daturm shift, incremental
Cancellation
A datum shift is cancelled by entering the datum shift coordinates X =0,
Y=0andZ=0.

Graphics

if you program a new workpiece blank after a datum shift, MP 7310
determines whether the workpiece blank is referenced 1o the current
datum or the original datum {MP 7310: see page 11-10). Referencing &
O T [y e S e e Wa (1= a [ W Tow By
D=y WLl !\.I.JJEW LAIb LU UG LU TS L WO SHGWITS Y W WDRAGY Tl |

part in a prograr in which several parts are machined.

832 : TNC 407/TNC 415 B/TNC 425



8 Cycles

85 Coordinate Transformations

Example: Datum shift

-

A rmachining sequence in the form of a sub-
* program is 1o be executed twice:

5] once, referenced to the specified datum
(1) X+0/¥+0, and

bl a second time, referenced to the shifted
datumn () X+40/Y+60,

Cycle in part program
%5840 G71 *

N20 G31 X+100 Y+100 Z+0 *
N30GI9T1 L+OR+4 *

N3O T1 G17 S1500 *
NeoL1,0 ™

N8O L1.0*

N100 Z+100 MO2 *
N110Ga8 L] *

N230 GS8 L0 *
NoO99e %S2401 G71 *

N1 G30 B17 X0 Y40 220 ™ oo

N LG G 2+‘|00 pr

A )(...g v e eiieaniemhteny e e neaen sea e

... Start of program
... Define workpiece plank

weeeens DEfinE 001

... Call toal
weare RETTACT in the infeed axis
Versron 1 without datum shift
N70 G52 X+40 Y+60 *
... Version 2 with datum shift
... Cance! datum shift

TNC A07/TNC 415 BTNC 425
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g Cycles
8.5 Coordinate Transformations

Subprogram

N110GS8 L1 *
N120X-10 Y-10 MO3 *
Ni30Z+2*

N340 G011 Z-5 F200 *
N180 G41 X+0Y+0 *
N160 Y+20 *

N170 X+28 *

N180 X+30 Y+15 *
N120 Y+0 *

NZ200 X+0 *

N210 G40 X-10 Y=-10 *
N220 GO0 Z+2 *
N230GSsLO ™

b J

Depending on the transforrmations, the subprogram is added to the
program at the following positions INC blocks);

LBL % {BL O

Datum shift block N110Q block N230
Mirror image, rotation, scaling block N130 block N250

DATUM SHIFT with datum tables {G53)
Application
Datum tables are applied for

+ frequently repeating machining sequences at various locations on the
waorkpiece .
* frequent use of the same datum shift

The datum points from datumn tabies are only effective with absolute
coardinate values.

Within & program, datum points can either be programmed directly in the
cycle definition or cailed from a datum table.

Inpest

Enter the number of the daturn from the datum table or a Q parameter
number, If you enter a Q parameter number, the TNC activates the datum
number found in the Q parameter.

Fig. 8.45.  Similar daturn shifts

zZA
Cancellation

= (Call 3 datum shift to the coordinates X =0; Y =0, etc., from a datum
table.

+ Execute the datumn shift directly via cycle definition (see also page
8-38).

Fig.B.46: Only absolute datum shifts are
possible from a daturn table

840 TNC 407/TNC 415 B/TNC 425




B Cycles

8.5 Coordinate Transformations

Editing a datum table
Datumn tables are edited in the PROGRAMMING AND EDITING mode:

} SELECT SHOL Show the datum tabie

( SELECT Select the desired file
A

e — — — S T S N S S S SR S S S S S S Y S —— — ———— — —

@ Enter new file name, such as TAB.D

SELECT
<
L J
- :
[ Edit the datum tabie }

The soft keys comprise the following functions for editing:

BEG IN END PAGE PRGE INSERT | DELETE NENT
TAEBLE TAELE 'ﬂ ﬁ L INE LINE ! THNE
Function Soft key
. BEGIN
= Go to beginning of daturn table THBLE
END
f tablk
* (o to end of datum table TRBLE

| PAGE | PRGE
Page up/down ﬁ / @

IMSERT
* |nsert line . L INE
DELETE
* Delote line LINE
+ Enter line, go to beginning of NEXT
next line . ' LINE

-» Newhnescenoniybe :nserted atmeendofﬂaeﬁle. e o
= Wherropening a.new datum tablg; be sureo selactihe. cofrect damensrons (mrwr nch} -

~ Datums.from'a datum table can be referenced either tothe current datum oL to the machme datum
The des:red settmg is: made ih MP 7475 {see page ‘11-1’5) S

TNC 407/TNC 415 B/INC 425 aal
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" Cycles

8.5 Coordinate Transformations

MIRROR IMAGE (G28)

Application

This cycie 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.

* |f one axis is mirrored, the machining direction of
the tool is reversed {except in fixed cycles).

» |f two axes are mirrored, the machining direction
remains the same.

The result depends on the location of the datum:

» [ the datum is located on the contour 10 be
mirrored, the part simply “flips over.”

* |i the datumn is located outside the contour 1o be
mirrored, the part also “jumps” to another
iocation,

input data

Enter the axes that you wish 1o 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. Repeatad mirroring, machining direction

Fig.-8.49: Datum located outside the contour to be mirrored

TNC 407/TNC 415 B/TNC 425



8 Cycles

8.5 Coondinate Transformations

Example: Mirror image

p
A program section {subprogram 1) is to be exe-
cuted once as originally programmed at position
X+0/Y+0 (D, and then mirored once

in X @ atposition X+70/Y+60 &.

-

MIRROR IMAGE cycle in a part prograim
%S844l G71T Y ...
N20 G21 X+100 Y+100 Z+6 *

N50 GOO G40 GIO Z+100 * ...
N6GL1O* .. ..

N100 G28 * ..........

N120 Z+100 MO2Z *
N130 Gos L1 *

N250 GO LO*
N99298 %S8441 G71 *

N3O GHO TT L0 RH4 * e
NACGT1 GI7 51800 * e e

sreriinnneein e s S 1AEE OF Program
NIO G230 GI7 X+0 Y+0Z-20 % .o

Define workpiece blank

Define tool
Call tool

<. Retract in the infeed axis

e g g e e s sennrnee e ae e nenes VEISION 1 unrmirrored
N70 GBA X+ 70 Y480 ® e

Shift daturn
Activate mirroring
Version 2, shifted and mirrored

rer et ebess et e e GANGE] PTOITOTING
NTT0 GBS X+0 Y40 * o rrreresnnenee

Cancel datum shift

Same as subprogram on page 8-40

TNC 407/TNC 415 B/TNC 425




8 Cycles

8.5 Coordinate Transformations

ROTATION (G73)
 Application

This cycle enables the coordinate systerr{ 10 be rotated about the active
datum in the machining plane within & program.

Activation

Rotation becomes active immediately upon definition. This cycle is atso
gffective in the POSITIONING WITH MANUAL INPUT mode.
Reference axis for the rotation angle:

s X/Y plana X axis
* Y/Z plang Y axis
+ ZfX plane Z axis

The active rotation angle is displayed in the additional status dispiay.

input data

The rotation angle is entered in degrees (°L
Input range: =360° 1o +360° (absoiute or incremental).

Cancellation

Rotation is cancelled by entering a rotation angle of 0°,

Example: Rotation

£ ' o ™

A contour {subprogram 1) is 10 be executed

once as originalty programmed referenced to Z A
the datum X+0/Y+0, and then rotated by 35°
and referencad 1o the position X+70 Y+60.

—

Continued on next page...
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B Cytles

8.5 Coordinate Transformations

ROTATION cycle in a part program

%S8461 G71 * et e e S1ATT OF Drogram
N10G30Gi7 X+U Y+0 Z 20 >, wterermreeresreenmen... DBfINE workpiece blank
N20 G31 X+100 Y+100 Z+0 ¥ -
N30 G939 T1 L+0 R+4 * crretreraersseassanssse e mme s DEFINE 10O]

N40 T1 G17 S1506 * Call tocl

NB0 GO0 G40 GI0 2+100 *. ceeerreeveneneeenenieeenee. REFACE i the infeed axis
N&o L1,0* Versmn 1 (not rotated)
N70 G54 X+70 Y+60 * .

N80 G73 G0 H+35 *

N3O L1, rersrrn e tie st ieseeeenneeeeeeeeene. .. WETSI0N 2 {shifted and rotated)
N100 G73 GQO H+0 * . reeere e e vnsennenennnenss odNCE| TOtELION

NT1O GBA X+0 Y+0 * it ...Cancel datum shift

N120 Z+100 M0O2 *
Ni30 Gos L1 *

Same as subprogram on page 840

N2BQ G98 L0 *
N99998 %:5846| G71 *

L

The corresponding subprogram {see page 8-41) is programmed after M2,

SCALING FACTOR (G72)
Application
372 allows contours 1o be enlarged or reduced in size within 2 program,
enabiing you to program shrinkage and oversize allowances.
Activation
The scaiing factor hecomeas effective immediately upon definition.
The sealing factor can be applied

» inthe machining plans, or on all three main axes at the same time
{depending on MP 7410}

= {0 the dimensions in ¢ycles

* 10 the parallel axes U, V, W

input data

The cycie 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 98.980 999)

Reduction: F <4 {down to 0.000 001}

Cancellation

Cancel the scaling factor by entering 2 scaling factor ¢f 1 in the SCALING
FACTOR cycle.

Prerequisite

It is advisable to set the datumn to an edge or a corner of the contour
before enlarging or reducing the contour.

TNC 407/TNC 415 B/TNC 425
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Cycles

85 Coordinate Transformations

Example: Scaling factor
r T
A contour {subprogram 1) is to be exacuted
as originally programmed at the manually Z A
set datum X+0/Y+0, and then referenced to

position X+80/Y+70 and executed with &
scaling factor of 0.8.

SCALING FACTOR cycle in a part program

%38471G71 ¥ s n e nsereerensenenens. STATL GF DrOgram

N10 G30 G17 )(+0 Y+0 Z—20 *. rererereensneennneeeneees DEFiNE WoOrkpiece blank
NZ20 G331 X+100 ¥+100 Z+0 #

N30 GS9TT L+0 R+4 * e e e e e emnennens LETINE tOO]

N4Q T1 G17 51500 * rreviereensmmmrenasssnsnnneniearans 0@l 100!

NS5O GO0 G40 GE0 Z+100 * rrereraensemree s i s GErACT N the infeed axis
NBO L1,0 * Versm 1 {original size}
N70 G54 )(+70 'Y+60 - '

NB0 G72F08 *

NSO L1,0* reertvastrscasrrasrannierrorsasraesnressemmneer e nenee . VEFSION 2 (shifted and reduced in size)
N100 G72 F1 * reeerrnerenreermneanns s neenneen. CENCE] sCAMANY factor
N110 G54 X+0 Y+0 * rererreeeee e ernnr e e oeeeee. GBNCET dBtUm shift

N120 Z+100 MD2 ¥

N130GS8 L1 *
Same as subprogram on page 840

N2E80 G98 LO *
N3S999 %58471 G71 *

e R—

The corresponding subprogram (see page 8-40) is programmed after M2,
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8 Cycles

8.6 Other Cycles

DWELL TIME {G04)
Application

This cycle causes tha 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. Modal conditions
such as spindie rotation are not affected,

Input data

The dwell timg is entered in seconds after GG4 with F.
Input range: 0 te 30 000 sec. (approx. 8.3 hours) in increments of
0.¢01 sec. .

Resulting NC block: N135 G04 F3*

PROGRAM CALL (G39)
Application and activation

Routines that are programmed by the user {such as special driliing cyclss,
curve milling or geometricel modulies) can be written as rmain programs
and then called fike fixed cycles.

Input data
Enter the file name of the program to be called.

The program is called with

» (79 (separate block) or
= MG (blockwise} or
« M38 (modaliy}.

Example: Program cali

A caliable program (program 50) is to be called into a program via a cycle

calt.
Part program
(B39 P01 B0 .ccvrerecenecerssrescemrtssnssrssssessesemssnsessenenennens - PTOQram 80 is a cycle”
GO0 GO X420 Y+50MO9 e e Gl program 50

TNC 407/TNC 438 B/TNC 425



&  Cytles
‘8.6 Other Cycles

ORIENTED SPINDLE STOP (G36)

Application
The control can address the machine tool spindle as a 6th axis and rotate
it 10 & given angutar position. Oriented spindie stops are reguired for

* Tooi changing systems with a defined tool change position
* Crientation of the transmitter/receiver window of the HEIDENHAIN
TS 511 3D touch probe systern

Activation

The angle of orientation defined in the cycle is positioned to by entering
M18. H M1S is executed without a cycié definition, the machine tool
spindie will be oriented to an angle which has been set in the machine
pararmneters.

Fig. 8.50: Oriented spindle stop

Prerequisite

The machine must first be set up for this cycle.

Input data

Angle of orientation $ {according to the reference axis of the machining
plane).

Input range: 0to 360°

Input resolution:  0.1°

848 TNC 407/TNC 415 B/TNC 425
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8

Extemal Data Transfer

The TNC features two interfaces for data transfer between it and other

devices.

Application examples:

L I ]

Printing files

Blockwise transfer {DNC mode)
Reading files into the TNC
Transterring files from the TNC to externai devices

The two interfaces can be used simultaneously.

9.1 Menu for External Data Transfer

W

To select external data transfer:

|

~ Menu for externial data transfer appears on the screen.
o .

The screen is divided into two halves:

Files in
the TNC

Active interface
(RS-232 or RS-422}

|

Interface mode

(FE1, FE2, ME, EXT1, EXT2};
indicated fite type

/

wua. | PROGRAMMING mfn E[y’ING

H
HEE RE232/FEL:
I A T O RS ¢
9183 EL I 1] FHDI -Ho1
FRESAOOR -H 482 1 HO
TRE1 -1 1avg 18 H1
TooL +1 1478 M 1111 -1
ST 115 Hod
PAL1 P WEE 122 K1
PRL2 -P PEE 123966 -H 1
oo25LP -0 482 i) = 2
SKSE <0 482 22742682 -H 3
1 R 218 a0 H1
11 -R E3@ EL- ] -H 1
2 -7 129 Isen “Ho1
B¢ FILE!S) 15E@1E BYTES UATANT® 48 TILE(S> 688 SECTORS VACAKTT

TRANSFER

?

| Files {if any) in external
storage device

i you select the data tfansfer function from 2 tool table or pocket table, orly the functions

TRANSFER

| ey | = | Eey

TRANSFER

- gre availeble.

92
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g External Data Transfer

9.2 Selecting and Transferring Files

The data transfer functions are provided in a soft-key row.

Softkey row in the PROGRAMMING AND EDITING mode of operation:

PAGE PRGE TRANSFER | TRANSFER | TRANSFER | SELECT

T | 1 R0

THC = EXT TYPE

L INDOU

END

Selecting files

Use the arrow keys 10 seiect the desired file, The PAGE soft keys are for
scrofling 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 device-with the same
name. :

Transferring files

Transfemring 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 file .,
) TRANSFLR
» Transfer all files

R-R

TRC X
= Select files consecutively for individual TRANSFER
transfer. Press ENT to transfer, otherwise @] K @
press NO ENT & TERT

TNC 425{TNC 415 B/TNC407
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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 10 move the highlight 10 a file that is stored in the
exterral device.

Function Key
. TRANSFER
* Transier the selected file: ¢_
o Transfer all fiies TRANSFER
@ )Y
THC  EXT
» Select files consecutively for individual [ TRANSFER
transter. Press ENT to transfer, otherwise ?
press NO ENT THC " EXT
Interrupt transfer
You can interrupt data transfer by pressing the END key or the END soft
key.

% » if the TNC recognizes ermoneously transferred program blocks, it will mark them with-ERROR =.
These biocks must then be corrected in the PROGRAMMING AND EDITING rnode.

+ If you want to.transfer files between two TNCs, start transmission from the receiving TNC.

Blockwise transfer [t ex TTEST RUN
FILE wE - . +

The menu to the right is for blockwise transfer (see BS2I2FETH =l
page 3.-] 1)‘ F|r5t SeJEC‘[ as USU&] the narng Of the ﬂie e
to be transferred blackwise. Then start data 1
transfer with the SELECT soft key. 1g
1111
115
123
1234G6 .
208

22742682

ape

2588

2581

45 FILEtS: BAR SECYIRY URCANTT

FRRE PAGE BELECT SELECT
] I L I:EED o] END

Fig. 9.1:  Manu for blockwise transfer

e o e e

T LT

T + o+ o+ v 0 B
I TIXTIIIIXIETTTIh
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9 External Data Transfer

9.3 Pin Layouf and Connecting Cable for the Data Interfaces

RS-232-C/V 24 interface

HEIDENHAIN devices
External unit HEIDENHAIN RS-232.C HEIDENHAIN X1
eq. FE standard cable adapter block - connecting cable TNC
Im - max. 17 m
(0 of = )
Id-Nr. 242 869 01 -Nr. 239758 1 Id.-Nr, 232 760..
- > Bl :_"L =
L b L p
aNp | 1)1 @ @ E | A U | g ge 2 1| 1| oND Chassis
™D | 2| 2 20 2 2y 2 2|l 2| RXD Receive Data
RXD | 3| 3 X< gf 3| 3 3]l 3 E;X 3|| 3] XD Transmit Data
TS | 4[] 4 41 4 41 4 4| 4} CTS Clear To Send
r

CTS | Bl & =< le 5| 5 51 5 ng 51| 5| RTS Reguest To Send
DSR | 6| B 'l J'- T 61 & 6| 6 Tl 6{| 6| DTR Data Terminal Ready
GND{ 74| 7 07 7 7 71| 71 GND Signal Ground

gl 8r —~ 8ll 8 gll 8 8|l 8

oijl 9 efi gll 9 9 9

101 10 110 101 10 10110

11 MhENM 11111 1|11

12112 12 (|12 12|12 12 {112

13113 131113 3] 13 133]13

141114 1414 14114 14114

151 15 15 (1 15 151 15 15 (|15

16 |1 18 16 1] 16 16| 16 16116

17 1] 17 171117 17| 17 171117

181118 18118 181118 181]18

18 (1 19 br 194 1¢ 191119 " 191118
DTR 120|120 » G 2014| 2¢ 200120 » » 20120 | DSR Data Set Ready

Fig.8.2:  Pinlayout of the RS232-CV.24 interface for HEIDENHAIN devices

@ The connector pin layout on the adapter black differs from that on the TNC logic unit (X21).

Non-HEIDENHAIN devices

The connector pin layout on a nonHEIDENHAIN device may differ consid-
grably 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 Daia Transfer

9.3 Pin Layout and Connecting Cable for the Data interfaces

RS-@ZZN .11 Interface

Only non-HEIDENMAIN devices are connected to the RS-422 interface.

External V.11-Adapter- HEIDENHAIN- xX22
unit Bloek connecting TNC
eq PC cable
max. 1600 m
= = T
Id.-Nr. fd.-Nr.
249 81901 . 250 478
> —= > —- >
l 3
1 * 3 1 ; 1 1] GND Chassis
2 2| P 29 2li 21 exD
3 3 3 Yy 311 3| CT8
4 4 4 GN 4 4| TXD
5 5|1 & WHIGN 5| 5| RTS
3] Gl| 6 GYRK 6| 6! DSR
7 77 BK 7i| 7} oTR
8 8 8 RD 8{{ 8] GND Signal
9 gl & PK 8li 3{ RXD
10 10{| 10 BN 10| 10| ETS
11 11 | 11 YL 11|11 ™
12 12 |} 12 BN/GN 12 (| 12| BTS
13 13 | 13 RD/BL 131{13| DSR
14 14 (7114 C 141114 | DTR
15 151 16 1541158
Fig. 9.3:  Pinlayout of the RS422NV.11 interface

) The ointayouts onthe TN fegi unt 0

ard on-the adapier block an identicat.

5
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9 External Data Transfer

9.4 Preparing the Devices for Data Transfer

HEIDENHAIN devices

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 povver cable to the FE

Connect the FE and TNC with the data 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

T % & 4 9 D

% s The memaory capacity of a floppy disk is given in sectors.
+ The baud rate can be selected at the FE401. .~

Non-HEIDENHAIN devices
The TNC and non-HEIDENHAIN devices must be adapted 1o each other.

Adapting a non-HEIDENHAIN DEVICE 1o the TNC

« PC: Adapt the software
* Primern Adjust the DIP switches

Adapting the TNC to a non-HEIDENHAIN device

Set the user parameters:
e 5020.01t0 5210.0 for EXT
®» 502G to 5210.1 for EXT2

The two settings can be adjusted, for exampie, toa PCleg 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 selected operating mode.

Functions and displays available in the PROGRAM-
MING AND EDITING mode of operation;

Display NC software number
Display PLC software number
Enter coge number

Set data interface
Machine-specific user parameters
HELP files (if provided)

" 4 ¢ 8 a8

In the TEST RUN rmode of operation:

Displtay NC software number

Display PLC software number

Enter code number

Set data interface

Graphic display of the workpiece biank in the
working area of the machine
Machine-specific user parameters

+ HELP filas (if provided)

In all other modes:

Display NC software number

Display PLC software number

Display code digits for instalied options
Select position display

Unit of measurernent (mm or inch}
Programming language (HEIDENHAIN or 150)]
Axis traverse limits

Display datums

HELP files (if provided)

ma T [PROGRRWHING AND EDITING

CODE MUMBER |

NC : SOFTUARE NUKBER 2539338 B7S
PLC: SOFTHARE NUMBER 2524859 B1

78 92 | gmep

O L3 N HELP END

Fig. 10.3:  MOD functions in the PROGRAMMING AND
EDITING maode

%:I{xm TEST RUN

CODE NUMEBER |

NC : SOFTHARE NUMBER 283830 @78
PLC: SOFTWRRE NUHBER 252439 @1

RS 232 | panm USER
O—n ”éﬁ‘? sE1  feeeaneroe HELP END

Fig. 10.2:  MOD functions in the TEST RUN mode

MANURL OPERATION TEST RUM

POSITION DISPLAY

DIST.
CHRNGE MM/ EINCH MM
PROGRAN INPRT HEIDENHEIN

NC : SOFTWARE NUMBER 259228 BA7S
PLLC: SODFTWARE NUMBER 252439 B1

POEITIONA| RAIS HELP END

INFUT PER|  LIWIT

Fig. 10.3: MQD functions in a machine operating mode
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10 MOD Functicns

10.1 Selecting, Changing and Exiting the MOD functions

To select the MOD functions:

If necessary Change to the desired mode of operation.

Select MOD functions.

To change the MOD functions:

[ Use the arrow keys to move the highlight to the desired MOD function.

| S—

g '
Page through the MQOD functions until vou find the desired function.
e Repemedy |
ag Enter the appropriate numbers and confirm entry with ENT.

Ta exit the MOD functions:

EwD Close the MOD functions.
END o 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 instzlled options (only for conversational programming).

+ Digitizing option OPT- 1
* Digitizing and measuring touch probe options OPT- N

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 select 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 10 call 2 menu for
setting the external data interfaces.

* MODE OF OP. - Type of external storage device: FE1, FE2, ME, EXT1,

EXT2Z, LSV2

* BAUD RATE - Sets the data transfer speed (110 to 38400 baud)

» ASSIGN - Assigns either the RS-232 or the BS-422 interface to the
operating modes

* PRINT - Outputs 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 are
entered in the upper left of the screan. .

Setting the RS-422 interface

The mode of operation and baud rates for the BS-422 interface are
entered in the upper right of the screen.

Selecting the OPERATING MODE

External device OPERATING MODE
HE!DENHAIN floppy disk units
«FE401 B FE 1

* FE 401 with program no. 230 626 03 or higher

HEIDENHAIN FE 401 floppy disk unit with
program nurnber below 230 626 03

FEZ
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, EXTH
tape punchers, PCs without TNC.EXE EXT2
PC with HEIDENHAIN software LSV2

TNC REMOTE for remote operation

@ The HE[DENHAIN ME 101 magnetic tape unit (ME mode of operaticn) can oniy be used in the TNC mode of

operatlon PROGRAMMING AND EDITING.

104
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10 MOD Functions

10.4 Setting the External Data interfaces

Downward compatibility M~ |PROGRAMKING AND EDITINGE
For pregrams that are transferred through the RS232 INTERFACE RS422 INTERFACE
extemnal data interface, the resolution of the
numerical data can be set 10 0.7 ymor T pm. MODE CF 0P.: MODE OF OP.: FE 1
. ' BRUD RATE BAUD RATE
The 1 um setting transfers the data with only 3 FE : 98BH . FE : 9680
places after the decimal point in the metric system EXT1 : 9688 EXT1 : aBp@
{4 places in the inch system}. EXTz : 9689 EXT2Z : 969
) o LsvZ : 28408 LSVZ : 118
This feature ensures the downward compatibility of
the TNC 425 to earlier software versions and other ASSIEN:
TNCs.
PROGRAMMING: RS$232 PRINT : RS232
PROGRAM RUN: R$232 PRINT-TEST : RS232
TEST RUN ! R$232
Selecting the resolution o el | END
. serup | MR
To select the resolution of the transferred data, go Fig. 10.4: The FORMAT 1 ur /0.1 um soft key ensures
) (s] the PROGRAMMING AND EDITING mode of ° downward comp!\;ﬁbihw . &
pperation: : -
5{7 Call the data transfer manu.
n -
Iy ™
Select the MOD functions.
r
-y
¢« N
FORMAT Set formatto 1 pmor 0.1 um.
1UM [ 10M '
. v r
- lLeave the MQOD functions.
END
L A
TRANSFER Transfer the program.
e.q.
.
THC EXT
Setting the baud rate
The baud rate {data transfer speed) can be selected from 110 to
38400 baud.

%g;[% o The baud rate of the ME 101 is 2400 baud. -

* |15 not possible 1o transfer through cne interface at 19 200 baud and ancther interface at 38 400 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 operation.
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10  MOD Functions

10.4 Setting the Externai Data Interfaces

PRINT and PRINT-TEST
' The PRINT and PRINT-TEST functions set the destination for the trans-

ferred data.
Applications:

s Transferring values with the Q parameter function FN1E
» Transferring digitized surface data

The TNC mede 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 SECUENCE PRINT
TEST RUN PRINT-TEST
PRINT and PRINT-TEST can be set as follows:
Function Setting
Transfer data via R5-232 R5-232
.Trarlsfer data via RS-422 R5-422
Save data 10 2 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

Yalues with FN15

Values with FN15

PROGRAM RUN
TEST RUN

cycle
% FNT5RUN.A
YeFNT5SINML.A

To change a setting, type it into the highlight and confirmn Dy pressing ENT.
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10 MQCD Functions

10.5 Machine-Specific User Parameters

The machine oot builder can assign functions to up to 16 user parame-
ters. For more detailed information on user parameters, refer 1o your
machine operating manual.

10.6 Showing the Workpiece in the Working Space

The DATUM SET soft key enables you 1o graphically check the position of
the workpiece blank in the maching's working space and to activate the
work space monitoring in the TEST RUN mode of operation.

g::ﬁwn TEST RUN

Awvailable traversing
range, referenced

1o the displayed Workin ce
workpiece biank e 58
Waorkpisce blank
with orthographic
Size of the blank projections

Coordinate system

TNC 425/TNC 415 B/TNC 407
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10  MOD Functions

10.68 Showing the Workpiece in the Working Space

Overview of functions

Function

Move werkpiece blank 1o the left or right
tgraphically}

Move the workpiece blank forward or backward
{graphically)

Move the workpiece blank downward or upward
(graphicatly}

Show workpiece blank referenced to the set
datum

Shift the softkey row

Show 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 pesition} in the working
space

Show the workpiece datum in tha working space

Disabie (OFF) or enable {ON) work space
mwonitaring during test run

| —
[BFE]- oN
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10 MOD Functions

10.7 Position Display Types

The positions indicated in figure 10.5 are:

s Starting position (&)
* Target position of the tool @ :
s Workpiece daturn @ |

s Scale reference peint @

Fig. 10.5: Characteristic posttions on the workpiecs and scale

The TNC pesition display can show the
following coordinates:

+« Nominal position: the value presently

commanded by the TNC @) . NOML
« Actual position: the position at which the
tool ig presently [0Cated (B) ..vvrermiimrirries v s ACTL.

s Serve lag: the difference between _
nominal and actual POSIIONS (B) «..coceceemerermnmsisssnineeenncsrssens LAG

* Reference position: the actual position as
referenced 10 the scale reference point @ ... veerrisnsrsrenn REF

s Distance remaining to the programmed position: the
difference between actual and target positions &) «......eoveveene. DISTL

Fhe 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 selection
determines the position display in the additional status display.
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10  MOD Functions

10.8 Unit of Measurement

This MOD function determines ﬁhe‘ther coordinates are displayed in
miflimeters imetric system} or inches.

+ To select the metric system (e.g., X = 15.789 mmy),

set the CHANGE MM/INCH function 1o 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 1o INCH.

The value is displayed with 4 digits after the decimal point.

10.9 Programming Language for SMDI

The PROGRAM INPUT mead function lets you decide whether to program
the $MDf file in HEIDENHAIN conversational dialog or in G-cades in
accordance with IS0

+ To program the $MDLH file in conversational dialog,
set the PROGRAM INPUT function to HEIDENHAIN.
* To program the $MDL.I file according 1o ISO,
set the PROGRAM INPUT function to I1SO.

10-10
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10 MOD Functions

10.10 Axis Traverse Limits

The AXIS LIMIT mod function allows you to set
limits 1o axis traverse within the machine's actuat
warking envelope. )

Possible application:
1o protect an indexing fixture against tool 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
mod funetion. With this function you can enter the
maximum and minimurm traverse positions for each
axis, referenced 10 the machine datum.

Fig. 10.6: Orienting traverse limits to workpiece size

Working without additional traverse limits

To aliow a machine axis to use its full range of traverse in an axis, enter
the maximum traverse of the TNC {+/ 89952993 mm) as the AXIS LIMIT,

To find and enter the maximum traverse:

| S

(Set the POSITION DISPLAY mod function 1o REF.

e,
Move the spindle to the positive and negative end positions of the X, Y and Z axes. J
.l
[ Wite down the values, including the algebraic sign. J
) .
m Sefect the MOD functions.
) -~ ’
AKIS 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.
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10  MOD Functions

10.11 HELP files

Help files are & way to find information quickly that you would otherwise
have to search for in a manual. Help 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 miscellanecus func-

tions may also be explained in a help file.

Heip files are not provided on every machine. Your machine tool builder
can provide you with further information on this feature.

To call help files:

{

Select the MOD functions.

Call the last active HELP file.

Cali other HELP files.

PROGRAMMING RND EDITING

| PROGRAMM ING
AND EDITING

4P8H81 CHAIN FORWARD
#0862 CHAIN BRCKWARD

@OHMANDS FOR THE TOOL CHANGER (11

CENDZ
ACTL. B +25,3684 Y -250,3880
2 =25, 4690 B +321,8B88
C +12,50088
T 8 M E/9
T HOE HOVE PASE PAGE BEGIN END
overrze| V0% [ wom ] | e | T
Fig. 10.7 HELP file in a machine operating mode
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11.1 General User Parameters

General user parameters are machine parameters affecting TNC settings
that the user may want 10 change in accordance with his requirements.

Some examples of user parameters are:

Dizlog language
Interface behavior
Traversing speeds
Sequence of machining
Effect of overrides

Machine parameters can be programimed as
« Decimal numbers:

Enter only the number,
& Pure binary numbers:
Enter & percent sign {%
Hexadecimal numbers:
Enter a dollar sign ($} before the number.

Example:
Instead of the decimal number 27 you can enter the binary number
% 11011 or the hexadecimal number $18.

The individual machine parameters can be entered in the different nurnber

systems.

eneral users parameters are selected with code number 123 in the MOD
functions.

13-2
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11.1 General User Parameters

Parameters for external data transfer

Integrating TNC interfaces EXT1 (5020.0} and EXTZ (5020.1) to0 an external device:
data format and transmission stop

Input vaiue: 0 to 255
The input value is the sum of the individual velues in the “Value” celumn.

MP 5020...

Funection Cases

» Block Check Character BCC Ay BCC ..

inactive ...

IMBCTIVE v is et saeeneamenmeens

STOP DIt triiiiieice e vennerreen e
T S0P B e ceeer e raen

= Number of data bits 7 date bits {ASCll code, 8th bit = parity) ......ccoeeo e,
8 data bits (ASCH code, 9th bit = parity) ..o
BCC control Character ot permitted....... oo
¢ Transmission stop through RTS BBTIVE ottt e e e ee e en et e
= Transmission stop through DC3 AETIVE Loevrreiinriesseoierc e s eess e s s stssn st et te e
= Character parity VBN et et b e m e e eehee e oo eene e

» Character parity Not ESITEO ..ottt s et e
DeSired ot

» Number of stop bits T, STOP DS oot sa e oottt et
2

1 ST Bt cerereerererecserans e seres oo eeers e srre

Value

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, trangmission stop through DC3, even character
parity, characier parity desired, Z stop bits

input vaiue: 1+0+8+0+32+64. = 105 (entry value for MP 5020.1)

TNC 425/TNC 415 BfTNC 407
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11.7 Generai User Parameters

Interface type for EXT1 (5030.0) and EXT2 (5030.1):

MP 5030. ...
Function . Cases Value
* Interface type Standard ...cveveeene reresreniesrseessrans et ere st aees i s e aen 0
interface for blockwise transfer . e 1

Define the control character for extefnal data transfer

Machine parameters MFP 5200 1o MP 5210 define ASCH characters as
control charactars for extemal data transfer.
Assignment to the interfaces:

EXT1 MP extension .0
EXT 2 MP extension .1

Input values: ASCIl characters Qto 127

ASCI character for - mP - Value
= Start transmission (STA) F200 ... ASCI | Character
* End transmissicn (ETX) 5201
¢ Data input {1st character) H 5202
s Data input {2nd character) £ 5203
¢ Data output (1st character) & 5204
+ Daia output (2nd character) A 5205
» Start of heading (SOH) 5206
* End of transmission block (ETB} 5207
. Poéitive acknowledgerment (ACK) 5208
¢ Negative acknowledgement {NAK) ' 5209
* End of transmission (EOT) 5210 ASCII character

11-4 o TNC 425/TNC 415 BfTNC 407
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11.1 General User Parameters

Parameters for 3D touch probes

Signal transmission for touch probe .
MP 6010

Funetion

® . CEDIE IrANSMHESION co et vtitetie e e e cousrmesaeneeee e e eereeeeenes e eeeeseneesem e e

@ INTANEA TTANBINISSION 1. et ettt e e eetereesoeeemess et eeese s e s ems e ne e et e et eeemsen e s e s e oo

Vaiue

Traversing behavior of touch probe

Parameter Function
MP 67120
MP 65130

MP 6140 Safety clearance to probing point

MP 6150

Probing feed rate {in MMiymMing .o eesrasse e e

Maximurn traverse to the first probe point {mm}._...........cccce...

during automatic measurement (MM} ..o

Rapid traverse for probing (mm/mind ...

Value

cermeeenn 8010 3000
... 010 99 599.999

.. 010 89920.999

e 110300 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 huilder sets the number of the M function that starts the
rotation.

MPF 6160

Function

® I FUNCHOM BOHVE oovvveeiieveeeeninice it st e steesoeeme s stessaes e e et eme s e et e s e s et e eeeeee e oo enm ez s e s eoeaen

& M FURCHON ENBCIIVE 1ivvivieirinsirisissraresssiiaeies ememis st evmemestesmbemes tessoseses s s seon e ssasmra bee e oesassassmearessesemeesesemra e eesems s e seen

Value

S I (¥ -2

Resarved 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

MAP B320 ...........ooooeeeoe oot eeeeeeees e ee e seeeees s essees e eren e ererreoe
P G380 ..o veoesoaeeoeeoeesiveoseeass s s 2ves e s a3 838 et eet e resee oo seem e eeee e
IP B30 ... voeaeoeeeosiereresvroeeres s sensssesss s bt sttt e sens st st v s e b ettt 01 0
AP BI50 .......oosoeeeeeeeeeesreeserseessmeres s e eeres ot eeer s sser et oetesenseseee st et
IIPEBROD ...........oooeoeeoo oo eeeeees oo e eeee oot et oo menneaes e eer oo
P T
..... £.000 to 10.000

Valoe

... 0.1000 to 3.0000

...... 0.100 to 10.000

R 1 & (o I
0.1000 to 4.0000
0.0001 to 0.5000

weeenmen 80 10 3000
werenenen. 80 10 3000

0.0000 to 10.0000

TNC 425/TNC 415 BfTNC 407
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11.% General User Parameters

Parameters for TNC displays and the editor
Programming station
MP 7210

Function o Value
O T W TN BT G et reee et eceteceeseenc sbern saeaarassenseresamamasmmssaesrosnnten o emnss oabenasmmssnssnsnrensrasnesonnmmeresnes )
» TNC as prograrmming statton with active PLT ..o e et ree s cevrneseen s saes s eensesmmenenae |

o TNC as prograrmrming station with inactive PLT ..o v rrer e s srmras e seen &

Automatic acknowledgment of FOWER INTERRUPTED message
MP 7212

Function Value
*  Acknowtedge power INTETUDTION WITH KBY ..o cnenicricrinvccconiiniascarerasernossasessmssorssereas saseraeras smasensseaasnnse cos 0

* Power interruption auiomatically acknow!edged ... e rcee s s asernaa arearesensneesrensaseeen 1

Block number increment for ISO programming
MP 7220

Function Value

® Block NUMDET INCFRITIEME oo ces vt scssii i s ssss s i ssarsraerssbsnss easrasatias shes omsrasssansinssnnncsssnnersanrasasnacescesens (0 10 150

Length of file names
Mp 7222

Function Value

« Fie names with maximum 8 CharBCIEIS v arsrrrenistevrrressessiismneres

& File names with maximum 12 characters ..o.ccceaveevieevrerssrenrniee

* File Names With MEXIMUM T8 ClBTBOLETS coecvrrrererectvrrererssiesssrassrssssstascarenssnstontsstsses ramse varssnnnasiosiasssasssnsesnsnes 2
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. Inhibiting file management for particular file types

Input vaiwe: 0 to 83 {sum of the individual values in the “Value” column).

If you do not wish to inhibit file management for a particular file type, use =
the value 0.

MP 7224.0

Inhibit file managament for Value

8 HEIDENHAIN PrOGIAITIS .oivvecvrrieeeieeeeeeeeeeeeeeessrasstseesesesensamamesemessbeseeat eessesomsrasmssssnsnas assvsbomsesesrmmassonsrsermsssrsnins 1

&[S0 PIOGIATTIS woueuecrieasensrernierisrinaciesimame et s srssssasisessressensasssmssemssbatssssanes vt aerrabrssab s rraar et +2

a Trnl rahlas oA
= 0 ]

o Datumtables o, eeeeeeeaeatmmeemsoaeeeseAseAsesesesamtsemoassreieetiessbeemasmnsemesotisinsessesssaenssrnssraseor SO

e Pallet tables.......... “ temeeviveisveratrmeanteeasessssasastanssrasemnesnssanseanes B 16

-+

- L e
1 LGS e, DT T +3L

Inhibiting the editor for certain file typas
Input value: 010 B3 (sum of the mdividual vatuas in the “Value” column),

If you do not wish to inhibit the editor for a particular file type, use the
value G

MP 7224.1

Inhibit editor for . Value

s HEIDENHAIN programs .....eeeeeeeeeee. eeereeeeeeeeeetsrare st v e seesseaternsrersvnsnnness 1

® Datumn tables .. ... i rmbeoaoemateresreammamrassrmsstssoeoeeooetitesssasssrasssesrissnssssssennessrensresnrmrerios PO

* Paiiet tabies........ O U USSR +16

8 TORUAICS oo e FOZ
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11.1 General User Parameters

Activating tables
If vou do not want 1o activate any tables, enter 0

Parametar Function Value
+ MP 7226.0 Nurmnber of paliets per patietfile ..., .- 010285
» MP7226.1 Number of datums per datum bl ..o e veresser e D 10 255
« MP 7260 Number of 100!s per 100l taBle v e . 0 10 254
* MP 7261 Number 6f pockets per pocket 1BI8 e O 10 254

Making a tool and pocket tabie

Tool name — NAME: MPp 7266.0 Too! number-T. MP 7267.0

Tool length - L: VP 7266.1 Special tool - &T: MP 7267.1

Teol radius - R: MP 7266.2 Fixed pocket = F: MP 72672

Tool radius — R2 MP 7266.3 Pocket jocked — L: MP 7267.2

Oversize length ~ DL MP 7266.4 PLC - Status - PLC: MP 7267.4

Oversize radius — DR; MP 7266.5 '

Oversize radius 2 - DR2: iviP 7266.6

Tool locked — TL: NP 7266.7

Replacerment tool — RT: MP 7266.8

Maxdrmum tool ife — TIME1: MP 72b6.9

Maximum teol life for TOOL CALL - TIMEZ: MP 7268.10

Current tool sge — CUR. TIME: MP 726611

Tool comment - DOC; MP 7266.12
Function Value
* Column number of the data in the 100 8BS ........cocii et e 1 TO13
¢ Column number of the data in the pocket table ... e, 1105
* Donotshow data N the ADIE .. ... ettt eee et e es e e neaae e e eea s e eam s s s s rsmns e U

11-8
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11 1 General Lizar Pararmatare
ek Tad W S el Wl b IR L

Dialog language
MP 7230

7 inwry

Function Value

LI VE 1o oI TaTo 7 1o -SSP ORN OO

LI Sile |13 a R e v=T ot | DU S SO Us ey UU SO UUR ORI

Protect OEIV_I cycles

This parameter prevents the editing of any program whose namg is the
number of a machine manuyfacturer cycle (OEM cyclel,

MFP 7240

Function Valus

& ProteCt OEM OFCIBS o et st m e e d oo e e e e e e e AT A eraas £ PR b e raasarnan s

+ Do not ProteCt GEM CYCIES ... oo b e e sty sbesbs Br g b paa st an s

Feed rate display in the MANUAL OPERATION mode of operation
MP 7270

Function Value

» Display “F=0" if one axis direction button is pressed;
Display “F" {without value) if more than one axis direction button is pressed ..o 0

+ Display the feed rate of the siowest axis, regardiess of the number of axis direction keys pressed ............ |

Decimai character
MP 7280

Function Value

+ Display the position oF the 1000 GEMUMT ...ttt st as bore bt s e s st 2o s rr s

* Display the position of the 100 TACE ... ..ot e e e e

TNC 425/TNC 415 BfTNC 407 11-9
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11.1

General User Parametars

Display steps for coordinate axes

X axis: MP 7290.0
Y axis: MP 7290.1
Z axis: MP 7290.2
IV axis; MFP 7290.3
Vo axis: MP 7290.4

MP 7290

Function

¢ Digplay step 0.05 mm ...coccoeee

8 DISPHAY SEEP 0.7 MM ceee ettt cecre sy e s s rbas st be e s mr e e e re s ses 1ot et meeameens ot sman e seme st e aee e eenmmreeemeens

Value

* Display s18p 0.07 MM e e
¢ Display step 0.008 MM et
* Display step G007 Mt e
» Display SEP 0.0008 MITY oottt e cte e s en s eme e e an s ebee e e e e eaneen s rmanrar s ens
. bisplay step 0.0007 mirn (TNC 825 GriY) oottt see e e ee et s easemnmeean s emanems s ens

[ N T N SN

Inhibit datum setting

Input value: 0 to 371 (sum of vaiues in the “Value” column).
If you do not want 1o inhibit a given axis for daturn setiing, the value for

that axis is O:

If datum setting is inhibited for all axes, the TNC removes the DATUM

SET soft key in the MANUAL OPERATION mode.

MP 7295

Function

Inhibit daturn setting for X axis
Inhibit datum setting for Y axis ..o
INMIDIL AALUM SETHNG FOT Z BXIS ... cecteeieeveerreisers s rere st s s eenssemssme s smaseasanssns s steanossss e sasms sbnesinsmnnnsmmssmnss mmesmmsnmssemssast
Inhibit datum setting for axis IV ... rcerceccren:

Inhibit datum setting for axis V..o gaeee S UURIURRRURIE 3 | -

... +8

MP 7296

Function

Set datum only with soft key

OATUN
SET

Set datumn with soft key
or with orange axis key

DRTUM
SET

Value

1110
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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

* Erase status display, Q parameters and tool data when a program is Selected oo e ee oo

* Frase status display, Q parameters and tool data with M02, M30, END PGM
and when a program is selected ... .. erverrasrisrane e

* FErase status display and 100l data when @ program I8 SBIBCIEM ..o oo oo et s et

* Erase status display and tool data when a program is selected and with
M02, M30, and END PGM .. ettt e peve bbbt sen s e nne e enens

¢ Erase status display and Q parameters when a program is SEIEETEG ..o oo s

* FErase status display, Q parameters and tool dats with M02, M30, END PGM
and when a program is selected... USROS

» Erase staius display When 2 program is SIECTEH ... e e eeersr oot eeee e oo e e

* Erase status display with M02, M30, END PGM and when a program is selected ..o

Value

Graphic display mode
input value: 0 te 15 (sum of values in the “Value column)
MP 7310
Function Cases Value
* Projection in three planes Projection method 1 .. versiscr s sreeseneen s 0
according to IS0 6433 Projection method 2 .o e e, ]
» BRotate coordinate systemn by 80° BOTATE oot reeee s e s s e st ee e enes E2
Donotrotate ... - 0
# Shift the new BLK FORM Shift .. - e+
with ¢ycle 7 DATUM SHIFT Do not shlft ..+0
fsec page 8 ..)
* Show cursor position during SOV i rere st sseete e eeseesere st resprs st seeetesseeeeenenes FB
"projection in 3 planes” mode DONOt SROW .. eesee s emee e ennm e 0
Graphic simulation without programmed tool axis
Enter any realistic value
Parameter Function Value
* MP7315 TOOH FAHIUS .cviririiecereeniti et e reee e vsrr b s e s b e st re s e san e cesemna raeensan e e ane R0
* MP 7316 Penetration depth from upper surface of blank form .. +2
* MP7317.0 M function for starting graphic SIMUIBHON ... e esrs e sssasrsnes F8
s MP7317.1 M function for ending graphic Sitmulation .............. oo +8

TNC 425/TNC 415 BfTNC 407
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11.1 General User Pargmeters

Parameters for machining and program run

Oriented spindle stop with cycle G85
MP 7160

Function

s Spindle orientation at BEGINNING 0F BYCIE GBS o oo et ee e ee s ceetb s ene st eee e s etbmsb e rnreneen e

» No spindle orientation at beginning of Cyele BB . s

Value

Size of NC memory for blockwise transfer
MP 7228

Function

One sector is approximately 1 kilobyte.

* MP7228.0 Minimum mMEMOnY range {SSCIOMS] c-vrwerrrerieiersesrmans e csmnesrserasraemsaessresmsssmessmersasssnsnsss

+ MP 72281 Maximum MSMOTY FANGE [SEETOIS] ....ooocurmrrriuessir e rre e eecesesaeess st caems e e em e sassemieees

Value
i-1024

1-1024

Effect of cycie G72 SCALING FACTOR ’
MP 7410

Function

« SCALING effective in the working plane ..

® SCALING eff@OUVE M BAKES oo et e e et vt aor s s bend b pa AR eSS ab e abant e s ab s s s areaniasears

Value

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. ...

o CUMent 100! QELE 88 TEIAIMEE .. vceeer e eeestes et s e e re oo e raiarbes s mmama ees s e esasseasaesneeioatatEieRasoes et s as A bR baRLfhe s mbbes

Value

11-12
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11.1 General User Parameters

Behavior of machining eycles

This general user pararneter affeb*ts the pocket milling technique.
Input value: 3 to 15 (sum of the individual vaiues in the “Value” columny.

MP 7420
Function Cases Value
* Direction for milling a channel Clockwige for pockets, counterclockwise for slands ... +1
arcund the contour Counterclockwise for pockets, clockwise for islands .. ... ...... +0
+ Sequence of roughing-out First mill the channel, then rough-out the pocket......coeveeeeeeveeee. +0
and channel milling i First rough-out the pocket, then mill the channel..........coooooveeee. 42
» Combining contours ‘Combine compansated CONLOUTS oo oisrieeeeemseerseeeesnereneenene +0
Combine uncompensated CONTOUIS ...oviiiiareres e e ecseenssnseenes +
+ Milling in depth Mill the channel and rough-out for each infeed depth
- © before continuingtothe nexadepth ... +8
--- -Complete one process for all infeeds before switching
10 the Oher DFOCEES et evrre s raeressmmsrssarenare FiD
Overlap factor for pocket milling
Amount of overlap for.pocket milling:
Product of MP 7430 and the tool radius
MP 7430
Function . Value
s Overlap factor for POCKBS ....o.cover et cee e ns s ems s e e se e ameseenenes 001 10 1474
Circular path tolerance

This parameter sets the distance by which & programmed end point can
be removed from the path of a perfect circle.

MP 7431
Function Value
» Circular path T0IranNce (MM ... e e creeereesrerenescc e e seremsessssre s e rnsemssemsesnaresssmemne oo 00007 10 Q.01 B

TNC 425/TNC 415 B/TNC 407 T1-13



11 Tables, Overviews and Diagrams

11.1 General User Perameters

Behavior of M functions
input value: 0 to 31 {surm of the values in the "Value” column)

MP 7440

Function . Cases " Value
s Programmable stop with M6 Program SI0D cecmcnccernosceniiies s o stnscss s acs s sss et sspessssancrasses ren +0
NO Program SO0 .. cecerrerrcnisenen. wmerrennes F1

* Modal cycle call at end CYele Gall .o et e e ssennens T
of block through M88 NO CYCIE Call ..o et ee e seermeerme s s en s nnsnenrearens F0

+ Program stop with M functions Program stop oot eee oo eee e e eeeeeeeemeeeet s eeeees e eseonrrenos 0
NO BrOGram STOD <o e am e nn e B

= Switching the Kv factor Kv facior can be sWitched ..o +8
through M105 and M106 Kv factor cannot be switehed .......cvvvvvere v snnens +0

¢ Reduce the feed rate in the Function not effective +0
100t axis with M103 F.. Function effective ..c..cocvveeeee. +16

_ Safety limit for machining corners at a constant fead 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 if 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) ......ivcrrreseasrcrees s aeeeenes 0.0000 tc 179.9989
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11.1 General User Parameters

Coaordinate system for datums from a datum table
MP 7475

Function

» Datums from a table are referenced 10 the WOrkBIRte GatUM Lo e rte e et earee e

» Datumns frorm a table are referenced 10 1he MAaChINE QatUM e ee e er s e aa s ssassanasnseean

Value

Parameters for the electronic handwheel
Setting the TNC for handwheel operation
Input value: 0 to 5

MP 7640
Function Value
= No handwheel .. .0

directicn and rapid traverse are evaluated by the NC ..

* HR 130 without additional keys ...

o HR 330 with additional keys - the handwheel keys for traverse

s Fixed-axis handwheels with a0Gtonal KEYS ... e e cre et ieee et reas s e rs s cns sa s saes s s asseamses cmemenemesrrens

» HR 330 with additional keys ~ “the keys for traverse direction
and rapid traverse are evatuated by 1he PLT ..t b s e 3

Interpolation factor

NP 7641
Function Value
Interpolation Tactor is entered at the keyboard .. .0
Interpoiation Tactor is S8 By The PLU . itirnisi e s insss s st rbs sy ats s s s ars e s e coens ams 1

TNC 425/TNC 415 BfTNC 407
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11.1 General User Parameters

Initializing the handwheel
This machine parameter reserves 8 bytas for initializing 2 handwheel.
input value: O to 258

MP 7645.x (MFP 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/coolant OFF .
Moz Stop program run/spindle STOP/coolant OFF/ciear status display (depending on .
machine parameterl/go to block 1
Me2 Spindle ON clockwise .
Vo4 Spindle ON counterclockwise -
Mos Spindie STOP .
Moe Tool changefstop program run {depending on machine parameter)/ .
Spindle STOP
Mos Coolant ON .
nMoa Coolant OFF .
M13 Spindle ON clockwise/coolant ON .
M14 Spindie ON counterclockwise/coolant ON -
M30 Same as MO2 *
MB9 Vacant miscellaneous function .
- or
Cycle call, modally effective (depending on machine pararmeter) .
M30 Constant contouring speed at comers leffective only in lag mods) .
Mat Within the positioning block: Coordinates are referenced o machine datum .
Ma2 Within the positioning block: Coordinates are referenced to position defined .
by machine builder, such as tool change position
M3 Reserved »
M34 Reduce display of rotary axis to value less than 360° .
M35 Reserved .
M9b Reserved .
Maz7 Maching small contour steps .
198 Completely machine open contours .
Mags Blockwise cycle calt .
M101 Automatic tool change with sister tool . .
it maximum tocl life has expired
nM102 Resgt M101
M103 Reduce feed rate during piunging to factor F (percentage) .
M1i05 Machining with firgt Kv factor
M106 Machining with second Kv factor .
M107 Suppress srror message for sister 1ools with oversize .
M08 Reset M107 .
M0 Constant contouring speed at toot cutting edge on circular arcs tincrease and .
decrease feed rate}
M110 Canstant contouring speed at circular arcs (feed rate decrease only) .
NM111 Reset M103/M10 .
MT12 Automatic insertion of rounding arcs at non-tangential straight-line transitions; .
Enter tolerance T for contour deviation
M113 Reset M112 .
M114 Automatic compensation of machine geometry during operation with ‘ultlng ..
axes
M115 Reset M114 .
M116 Feed rate for angular axes in mm/min »
M1is Superimpaose handwhesl positioning durmg program run -

' Piease contac&t -,nour machzne bu:lder for: moxe __mfonna’aen e

166 ahd W08 are definied and. enab:ed by the machme bmlder

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 2 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 |block
MO1 . M50 .
Mo7 . M51 -
Mi10 - M52 .
M11 - M53 .
Mm12 . M54 .
M15 . M55 s |
Mi6 * M56 -
M17 . M57 .
M1i3 ’ M58 -
M19 - M59 *
M20 - M60 -
M21 * M6 -
Mz22 » M6&2 *
M23 . M&3 -
M24 . MB4 g
| M25 . M55 .
M26 ’ MB6 .
| M27 . M67 .
M2z - MBS .
M29 . M69 .
M31 . | M0 .
M32 . M71 -
|_M32 . M72 .
M34 - M73 +
M35 - M74 .
M36 . M75 »
M37 - M76 .
- M38 . M77 .
M39 . M78 .
M40 . M79 .
M41 . M80 .
N2 . M81 .
N43 . mMs2 .
Mia * mMa2 *
M5 - MB4 .
M4i6 . MsS -
M4£7 . M36 .
Mas . M7 -
Mg , Mas -

11-18 TNC 425/TNC 415 B/TNC 407
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11.3 Preassigned Q Parameters

Q100 to Q113 are assigned vaiues by the TNC. These values include:

+ Values from the PLC
+ Tool and spindle data
« Data on operating status, etc.

Values from the PLC: Q100 to Q107

The TNC uses Q100 to Q107 to transfer values from the PLC to an NC
program. '

Tool radius: Q108
The current vaiue of the tool radius is assigned to Q108.

Tool axis: 0109

The vatue of Q109 depends on the current tool axis.

Tool axis Parameter value
No tool axis defined Q108 = -1
7 axis Q108 = 2
Y axis o108 = 1
X axis _ Qe = 0

Spindle status: Q110

The value of Q110 depends on which M function was last prograrnmed.

M function - Parameter value
Mo spindle status defined Q110 = -1
MO3: Spindle ON, clockwise ano = 0
MO4: Spindle ON, counterclockwise Q110 = 1
MOS after MO3 1o = 2
MO5 after MO4 Q11 = 2
Coolant onfoff: 0111
M function Parameter vaiue
MO8: Coolant on : Q111 = 1
MO Coolant off Q111 = 0

TNC 425/TNC 415 BTNC 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: 0113

The value of parameter 0113 specifies whether the highest-level NC
program {for nesting with PGM CALL)} is programmed in millimeters or
inches.

Dimensicns of the main program Parameter value
Metric system {mm) Q13 = 0
Inch system Q13 = 1

Tool langth: 0114
The current value for the 100l length is assigned to Q114.

Coordinates after probing during program run

Q115 to Q119 contain the coordinates of the spindle position at the
moment of contact during a programmed measuremant with the 3D touch
probe. The length and radius of the probe tip are not compsensated in
these coordinates.

Coordinate axis ' Parameter
X axis Q115
Y axis Q116
Z axis Q117
Vth axis . Q118
Vih axis Q119

11-20
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11.4 Diagrams for Machining

Spindie speed S

The spindle speed S can be calculated from the tool radius A and the
cutting spead Vas follows:

v
Z2rR

S =
Units:

5 in mm
V oin  m/min
B n mm

You can either read the spindle speed directly off the diagram below or
calcufate it with the above formuia.

Example:
Tool radius B = 15mm
Cutting velocity V = 50 m/min
Spindie speed S = 800 rpm
(ealeulated S = 530 rpm)
Tool radius
. A{mm)

Cutting velocity
) Vfrrifmin]

TNC 425/TNC 415 B/TNC 407 . e
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11.4 Diagrams for Machining

Feed rate F

The feed rate of the tool Fis calculated from the number of tool teeth n,
the permissible depth of cut per tooth ¢ and the spindle speed S

F=n-d-8
Units:

F in  mmmin
d in mm

S in mm

The feed rate that is read from the diagram must be muftiplied by the
nurnber of tocl teeth,

Exampie:

Depth of cut per tooth d = 0.Tmm
Spindle spead S = 500rpm
Feed rate frorm diagram F = 50 mm/min
Number of ool teeth n =6

Feed rate to enter F = 300 mm/min

Depth of cut par tooth
dimm) :

ST
Spindle speed
. . S(rpml

11-22 TNC 425/TNC 415 BfTNC 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 pand the

spindle speed S:
F = p-S
Units

F in mm/min
p in mm/fl
S in 1/mm

The feed rate for tapping can be read directly from the diagram below.

Example:

Thread pitch p = 1mmfrav
Spindle speed S = 100 mpm
Feed rate for tapping F = 100 mm/min

Thread pitch
p (mm/frev]

Spindle speed
S lrpm]

TNC 425/TNC 415 B/TNC 407 11-23
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11.5 Features, Specifications and Accessories

Description
Coniouring control for machines with up to five exes. Features
digital speed controi and oriented spindie stop.

Components
Logic unit, keyboard, color VDU with soft keys

' Data interfaces

R$-230-C / V.24
RS-422 f V.11

Expanded data interface with LSW2 protocoi for remote operation
of the TNC through the data interface with HEIDENHAIN software
TNC REMOTE.

Simultaneous axis control for contour elements

* Straight lines: up to 5 axes

{TNC 407: 3 axes;

export versions TNC 416 F and TNC 425 E: 4 axes)
» Circles: up to 3 axes {with tilted working plane)
* Heiices: 3axes

Background programming

One pait program can be edited while the TNC runs ancther program
{TNC 407 without graphics).

Graphics

* Interactive programming graphics
* Test run graphics )
s Simultaneous program run graphics (not with TNC 407)

Fiie types
» HEIDENHAIN conversational and ISC programmmg

¢ Tool tables, datum tabies, pallet files
* Text and system files

Program memuory

s Battery-buffered for up 10 100 files
+ (Capactty 256K bytas (TNC 407: 128K byies)

Tool definitions

* Upto 254 tools in the program or in tables

“Laok Ahead”

» Defined rounding of discontinuous contour transitions (such as for 3D

surfaces)
« Collision prevention with the SL cycle for open contours
+ Geometry pre-calculation for feed rate adaptation

11-24
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11.5 Features, Specifications and Accessories

Programmable functions

Contour eiements

Straight iine, chamer, circular are, circle center, circle radius, tangentially
connecting circular arc, comer rounding, straight lines and circular-arcs for
appreaching and departing contours

Free contour programming

For all contour elements not dimensioned for converntional NC
programming

Three<dimensional radius compensation (not TNC 407}
For changing tool data without having to recalculate the part gragram

Program jumps

Subprograms, program section repeats, main program as subprogram

Fixed cycles

Peck drilling, tapping {also with synchronized spindle), thread cutting,
rectanguiar and circular pocket milling, slot milling, milling pockets from a
list of subcontour elements, cviindrical surface interpolation

Coordinate transformations

Eaturn shift, mirroring, rotation, scaling factor, tilting the werking 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 sineg, cosing, tangent, arc sing, arc cosine, arc tangent

Square root of values (Va ) and root sum of squares { vaZ + 62
Sguaring (SQ)

Square roaots (A}

Negation (NEG}

Forming an absaolute number (ABS)

Forming an integer (INT)

Dropping the values before the decimal point (FRAL)
Comparisons (greater thanfless than/fequal to/not equal to)

TNC 425/TNC 415 B/TNC 407
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TNC Specifications

Block execution time

Control loop cycle time

Data transfer rate

Ambient temperature
Traverse range

Traversing speed

Spindle spead

tnput range

4 ms/biock
TNC 407: 25 ms/block

TNC 425 Ceontouring interpolation :3ms

Fine interpelation : 0.6 ms (speed)
TNC 415 B Contouring interpolation :3ms

Fine interpolation : 0.6 ms (contour)
TNC 407 ‘6ms

Max. 38 400 baud

Qperation: 0° 10 45° C{32°to 113° F)
Storage: —30° to 70° C (-22° 10 158° F}

Max. = 100 m (= 2540 in.)

TNC 428: 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. 98 99¢ rpm

Min. 0.1 pm {0.00001 in.) or D.0001°
TNC 407, TNC 415 F, TNC 425 E: 1 um
Max. 99 §99.899 mm {3837 in.)

or 99 999.999°

11-26
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11.5 Features, Specffications and Accessories

Accessories
FE 401 floppy disk unit

Description Portable bench-top unit

Appiications All TNC centouring cortrols
as well as TNC 131, TNC 135

Data interfaces Two RS-232-C/NV.24 interfaces

Data transfer rate s TNC: 2400 to0 38400 baud
¢ PRT: 110 to 9600 baud

Disk drives Separate drive for copying,
capacity 795 kilcbytes (approx.
25 000 biocks), up to 256 files

Diskattes 35'DSPD, 135 TR

Triggering 3D touch probes

Description Touch probe system with ruby tip
and stylus with rated break poimi,
standard shank for spindle insertion

Models TS 120; Transmission via cable,
integrated interface

TS 511 Infrared transmission,
saparate transmitting
and receiving units

Spindle insertion TS 120: manual
TS 611: automatic
Probing repeatabiiity Better than 1 pm {0.000 04 in.)
Probing speed Max. 3 m/min (118 ipm)
Electronic handwheels
HRE 130 » For panei mounting
HR 150 * Fixed-axis handwheel for the
"~ HRA 110 adapter
HR 330 * Portabie version with cable
transmission.
Includes axis address keys,
rapid traverse key, safety
switch, ernergency stop button,

TNC 425/TNC 415 B/TNC 407 ' : 11-27
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11.6 TNC Error Messages

The TNC automatically generates error messages when it detects prob-
lems such as

= incorrect data input

* Logical efrors in the program

* Contour elements that are impossible to machine
» Incorrect use of the touch probe systemn

An error message containing a program block number was caused by an
arror n the indicated block or in the preceding block. To ciear a TNC error
message, first correct the error and then press the CE key,

Seme of the more frequent TNC error messages are explained in the
fotlowing list.

TNC error messages during programming

* Enter a correct LBL number
= Note the input fimits

Connect the external device properly.

"

Erase some old files to make room for new ones.

UMPTO LABELONOTPERMITIED "~

Do not pragram CALL LBL Q.

A given label number can only be entered once in a program.

11-28
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TNC error messages during test run and program run

{_-mm-m MISSING

+ Complete your definition of the arc and its end paints.
* If you enter polar coordinates, define the polar coordinate angle correctly.

[ARI’I'EMEI’ICALERROR o

You have calculated with illegal values,

+ Define values within the range limits
* Choose probe positions for the 3D iouch probe that are farther apart
+ All calculations must be mathematically possible

Each axis can have only one vaiue for position coordinates.

T —"—

* Program the MIN and MAX points according to the instructions.
* {hoose a ratio of sides that is less than 200:1.

A chamfer block must be located between two straight line blocks with identical radius compensation.

+ [Define a circle center with 1.J (JK, IK).
+ Define a pole with 1,J (JK, 1K).

[-cmci.ﬁmmmmkx}:crv i

= Enter complete information for connecting arc.
+ Enter end points that fie on the circular path.

Define the cycles with all data in the proper segquence.
Do not call the coordinate transformation cycles.
Define a cycle before calling it.

Enter a pecking depth other than 0.

* & 8 A

TNC 425/TNC 415 B/TNC 407 ' 11-29
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11.6 TNC Error Messages

Conclude subprograms with G88 LO. .
Program Ln,0 for subprogram cails.

Program Ln.m for program section repeats.

Subprograms cannot call themselves.

Subprograms cannot be nested in fmore than eight levels.

Main programs cannot be nested as subprograms in more than four lavels.

+ Enter feed rate for GO1 block.

Fcnossposmomammn e - — }

The TNC monitors positicns and movements. If the actual position deviates excesswefy from the nominal

- position, this blinking error message is displayed. You must switch off the contral to correct the error.

This messate always appears when you press a key that is not needed for the current dialog.

{mmmvmmmr.mocam_ : D . - J

Call only label numbers that have been set.

{ NO EDITING OF RUNNING PROGRAM =~ : _ ]

A program cannot be edited while it is being tranSmmed or execmed.

F’A’fﬂ OFFSET WRONGLY ENDED - : ' o - ]

Do not cancel tool radius compensation in a block with a circular path.

e

l PATH OFFSET WRONGLY STARTED .

+ Use the same radius compensation before and after a G524 and G25 block.
» (Do not begin too! radius compensation in a biock with a circular path.

11-30
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11.6 TMNC Error Messages

» 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.

[PIANEWRONGLYDEFMD S e - J

» Do not change the teot axis while a basic rotation is active.
» Correctly define the main axes for circular arcs, -
* Define both main axes for |,J (JK, K}

s Be sure the transitting/receiving window of the TS 511 1o the receiving unit,
s Check whether the touch probe is ready for aperation.

[ PROBE SYSTEM NOT READY

[PROGRAM—S_TART‘UNDEMED e o ' \ | )

* Begin the program oniy with a G99 block.
* Do not resume an interrupted program at a block with a tangential are or if a previously defined pole is nesded.
* Prograrm the first block with axis motion with GOG G40 G80.

[mms’commmnommm . . J

Enter radius compensation G41 or (342 in the first subprogram for cycle G37 CONTOUR GEOMETRY,

[ROUNDINGOFF'NOTPERMITI’ED N ' . ' ]

Enter tangentially connecting arcs and rounding arcs comectly.

[ROUNDmewsmo.meE- L ) . ]

Rounding arcs must fit between contour elements.

TNC 425/TNC 415 B/TNC 407 ’ _ 11-31
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11.6 TNC Error Messages

Before a test run or program run, you must enter GOTO 0.

[ STYLUSALREABYmcoNTACT:

Bafara nrobin

(== ey e ol

'
-1
workpiece surfa

nra-meeitinn the srelus wheras i+
[ =L r.luull,lul RN EAS Ul’ Thde? VWPl o L
ace

[ TOOL RADIUS TOO LARGE

Enter a tool radius that
* jies within the given limits :
¢ permits the contour elements to be calculated and machined.

| Touca

| Te

- -

{ACCESSIBLE .

Pre-position the 3D touch probe to a position nearer the model.

WRONG AXIS PRDGRAL[MED

I

Do not attempt to prograrn locked axes.

Program a rectangular pocket or slot in the working piane.
Do not mirror rotary axes.

Enter a positive chamfer length,

..nor-—\

[ wRonGRPM

Program a spindle speed within the permissiblé range.

l WRONG SIGN PROGRAMMED

Enter the correct sign for the ¢ycie parameter.

11-32
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11.7 Address Letters {ISO)

G functions
Group G Function
Positioning oo Streight fine interpolation, Cartesian coordinates, rapid traverse
01 Straight line interpolation, Cartesian coardinates
0z Circular interpelation, Cartesian coordinates, clockwise
03 Circular interpolation, Cartesian coordinates, counterclockwise
{5 Circular interpolation, Cartesian coordinates, no diraction of ratation given
06 Circufar interpolation, Cartesian coordinates, tangential contour transition
o7 Paraxial positioring block
10 Straight line interpolation, polsr coordingtes, rapid raverse
11 Streight line interpolation, polar coordinates
12 Circuler interpolation, polar coordinates, clockwise
13 Circular interpolation, polar coordinates, counterciockwise
15 Circular interpoiation, polar coordinates, no direction of rotation given
16 Circular interpolation, pofar coordinates, tangentisl contour ransition
Cycles 04 Dweli time
28 Mirror image
36 Criented spindie stop
37 Definition of the contour gecmetry
39 Program call, cvele call with G798
53 Datum shift in datum tabis
54 Baturn shift in program
56 PFilot drilling (in connection with G537} SL
57 Rough-out (in connection with G37) SLi
58 Cantour milling, clockwise {in connection with G37) SLI
59 Contour milling, counterclockwise [in connection with G237} SLI
72 Scaling factor .
73 Rotation of the coordingte system
74 Slot milling
75 Rectanguiar pocket milling, clockwise
76 Rectangular packet milling, 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 Pitest drilling ¢in connection with G371 SLI
122 Rough=aun {in connection with G37) SLIt
123 Floor finishing {in connection with G37) SLI
124 Side finishing (in connection with G373 SLIT
125 Contour train {in connection with @37}
79 Cycle call
Select working plane 17 Working plane: XY, tool axis: Z
18 Working piane: ZX, 100l axis: ¥
19 Working plane: YZ, toal axis: X
20 Tool axis: IV
Approach chamter, 24 Chamfer with length R .
rounding, 25 Comer rounding with R
depart contour 26 Tangential contour approach with R
27 Tangential contour depariure with R
29 Transfer the last nomina! position value as pole
Define blank form 30 Blank form definition for graphics, MIN point
31 Blank form definition for graphics, MAX point
3R Stop proaram run
Tool path compensation 43 No tooi radius compensation (RO)
41 Tool radius sompensation, left of the contour (RL)
42 Tool radius compensation, right of the contour (RR)
43 Paraxial comnpensation, lengthening {R+)
44 Paraxial compensation, shortening (R-}
T e Nexe tool number (with central tool file)
55 Probing function
Unit of measurement 70 inches (at start of program}
71 Millimeters (at start of program)
Dimensiconing 20 Absolute dimensions
a1 Incremental dimensions
L5t Set label number
g9 Tool definition

TNC 425/TNC 415 B/TNC 407

1133



11 Tables, Overviews and Diagrams

11.7 Address Letters (iSO}

i

Function

R

Beginning of program or prograrn call with G392

Rotary mation about the X axis
Rotary motion about the Y axis
Rotary mation about the Z axis

Parameter definition {program parameter Q)

Feed rate
Dwell time with G04
Scaling factor with G72

Preparatory function

IT | @] nmT | OO0

Angle for polar coordinates in incrementalfabsolute dimensions

Rotational angle with G73

R

X coordinate of circle center/pals
Y coordinate of ¢ircle center/pols
Z coordinate of circle center/poie

Set label number with G988
Go to lebel number
Tool length with G393

Miscellanzous function

Block number

Cycle parameter in fixed cycles
Parameter in parameter definitions

Program parameter/feycie parameter Q

Polar coordinate radius
Circle radius with GO2/GO3/G05

‘Rounding radius with G25/G26/G27

Chamfer with G24
Tool radius with G99

Spindie speed
Criented spindie stop with G36

Tool definition with G99
Tool call

Linear monon parallel to the X axis
Lingar motion parallel to the Y axis
Linear motion paraliai to the 7 axis

= é<l: A4 | DDmDDIT| O] VO ||| e

X axis
Y axis
Z axis

*

End of block

TNC 425/TNC 415 B/TNC 407
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11.7 Address Letters (ISO)

Parameter definitions
D Function
00 Assignrment
Ot Addition
02 Subtraction
a3 Muitiplication
04 Division
05 - Sguare root
06 Sine
07 Cosine
08 Root sum of squares (¢ =V a2 + b3
09 If equal, jump
10 If unequal, jump
11 {f larger, jump
12 if smaller, jump
13 Angle {angie from ¢ - sin & and ¢ - cos &)
14 Error number
15 frint
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 Calltool data
Entries: Tool number
Spindle axis
Spindle speed

4 Tool change
Entries: Coordinates of tool change position
Radius compensation
Feed rate (rapid traverse)
Miscellaneous functicn toct change)

§ Approach starting position
Entries: Coordinates of starting position
Radius compensation (G40)
Feed rate (rapid traversa)
Miscellaneous 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)

1¢ Retract
Entries: Retract in the spindle axis
Miscellaneous function (spindle stop, return}

11 End of program

G99

GO0

GOO/GA0

GO0

- G01/G41/GA2

Goo/G40

G0Q MO2

44

4.2

42

eg. 5.4 '

5.2/5.4

5.2

5i08

5.2
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Contour cycles:

Sequence of program steps for machining with several tools

G37 PO . .

Add.| Function

Add.

Function

List of subcantour programs
Drill - definefcall i
Contour cycle; Pilot drilling G56 P01 ...
Pre-position, cycle call :
Roughing mill — define/call :
Contour cycle: Rough-out G5BT PO1
Pra-position, cycle call ¥
Finishing mill — defing/call 3
Contour cyele: Contour milling GE8POT ...
Pre-position, cycle call g
End of main program, return Moz
Contour subprograms ’ G98
GO8LO

Radius compensation of the contour subprograms:
Contour Sequence of programmed Radius

cantour elements compensation
Inside Clockwise (CW) 5342 [RR)
(pocket) Counterclockwise {CCYV) G41 {RL)
Qutside Clockwise (CW) G41 (AL
fisland) Counterclockwise (CCW) G42 {RR)
Coordinate transformations:
Coordinate transformation Activate Cancel
Datum shift G54 X+20 Y+30 2410 | G54 X+0 ¥+0 Z+0
Mirror image G28 X G28
Rotation G73H+4b G73H+D
Scaling factor G72 FD,8 G72F1

Start of program
Program call with G39

Rotary motion about X axis
Rotary maotion about Y axis
Rotary maotion about Z axis
O parameter definitions
Feed rate

Dwvell time with G04
Secaling factor with G72

3 functions

Polar coordinate angle
Anagle of rotation with G73

I & TMmMMm QO OWU> =2

¥ coordinate of the
circle center/pole
Y coordinate of the
circle center/pole
Z coordinate of the
circle center/pole

A

Set a label number
with G98

Go to a labe! number
Tool langth with G99

= s e o

W functions

Select the program number

Program 234 in mm
Define workpiace blank

- -

o 4 E(C == ww I IJIID D

*

jtam Exambled Villit

Block number

Cycle parameter

in fixed cycles

Value or Q parameter

in Q parameter definition

Q parameter

Polar coordinate radius

Circle radius with G02/G03/G05
Rounding radius with
G25/G26/G27

Tacl radius with G839

Spindle speed
Oriented spindle stop with G236

Tool definition with G99
Tool call
Mext tool with G&1

Axis parallel to X axis
Axis paraliel to Y axis
Axis paraliel to 7 axis

K oaxis
Y axis
£ axis

End of black

PGM
NANE

% 234 G71
G30 G17 X+0 Y+0 2-40
G31 GO0 X+100 Y+10D Z+0

Tool definition

Tool call

Tool change position
Tool call

GE9T1 L+0R+5

T0G17

GO0 G40 GA0 2+100 MO6
T1 G17 $1000

Starting position, next to the workpiece

Working depth

Y=20Y-20 MO3
Z-20

D Function D Function
00 | Assign 08 | Root sum of squares ¢ =y af+b?
01 Additicn 09 | [fequal, go to label number
02 | Subtraction 10 | If not equal, go to label number
03 | Multiplication 11 | If greater than, go to labsl number
04 Division 12 If less than, go to label numbear
05 | Squareroot 13 | Angle fram csincand ccos o
06 Sine 4 Error number
o7 Cosina 15 Print

19 Assignment PLC

1st contour point, with radius compensation (RL)

Tangential approach
Straight line
Chamfer

Straight line
Rounding

Straight line
Circle center
Circle, incremental

Last contour peint, absolute

G01 G41 ¥+0 Y+0 F200
G26 R15

Y+100

G24 R20

X+100

525 R20

Y425

[+100 J+0

G03 G911 X=25Y-25
GO GB0 X+0Y+D

Tangential departure
End position, next to the waorkpiece

Retract, return to start of program

(527 R16
GO0 G40 X-20 ¥Y-20
Z+100M02

TNC 407
TNC 415B
TNC 425

ISO

Programming

HEIDENHAIN

Machine/
programming

The keyhoard and the display mode can be switched to
“machine control” or programming” using the shift key
on the visual display unit.

Machine control:

@ Manual
@ Handwheel

Positioning
) with
MDI

Program run/
9 full sequence

Program run/
single block

In this mode the axes can be moved with the machine
auis direction buttoris. Use the sott keys to enter the
spindle speed, M functions and datum points, and to call
the probing functions for the 3D touch prohe.

Here the axes can be moved either with an electronic
hand-wheel, or with the machine axis direction buttons
aiter entering a jog increment (soft keys: see "Manual”}.

This mode is for executing NC blacks which eontain all
information for a positioning move or machining step
(also applies ta feed rates, circle centers and cycles),
The blocks are stored in the program $MDI.

When the program has been started with the machine
START button, it runs autematically to its end or until it
encounters a program STOF. The machining process can
be observed on the screen with the simultaneous
graphics feature (except TNC 407}

Each block must be started separately with the machine
START button. The machining process can be observed an
the screen with the simultaneous graphics feature
(excapt TNC 407).

Programming:

PR Programming
and editing

Test program

This mode allows you to edit HEIDENHAIN convarsational
and 1SO programs, tool tables, datum tables, pallet tables
and text files, and then downloaded or output them over
the RS-232-C or R5-422 data interfaces.

The test graphics feature allows you to check part
programs for errors before actual machining.



Tool moveamaent
GO0

GOl
GOz
GO03
G06
G0G
" G07
G10
G11

Straight line interpolation, Cartesian coordmates rapid traverse

Straight line interpolation, Cartasian coordinates

Circular intamolation, Cartesian coordinates, cockwise

Circular intarpolation, Cartesian coordnates, counterclockwise

Circudar interpolation, Cartasian coardinates, no direction of retation
Circular interpolation, Cartesian coordinates, tangential contour transition
Paraxial positioning block

Straight kine interpolation, polar coordinates, rapid raverse

Sirakght line interpolation, polar coordinates

- Circular Interpoiation, polar coordinates, clockwise

Circular intarpalation, polar coordinates, counterelockwise
Cirgular intarpalation, polar coordinates, na direction of rotation
Circular interpolation, polar cnotdinatos. tangential contour trans|tion

ChlmlermoundlngMpproarm contour/Depart contour

*G24

Chamfer with length R

G256  Cormer rounding with rédiug B
¥G28 Tangential contour approach with radius R
* G27 Tanngentlal contour departure with radius R

Taol definition

* G99 With tool number T, length L, radius R

Tool radius compenaation

G40 No too! radius compensation
G41  Teol redius compansation, left of the contour
G42  Topl rediug compansation, right of the contour
GA3  Parsxial cormpensation for G07, lengthsning
Gd4  Pgraxial compengation for GO?, shortening
Blank for definition for graphics
G30 (G17A516/G19) MIN point
G31 ™ (GI0NEO1} MAX point
S‘lmple flxed cyciss
Pecking
884 Tapping with floating tap holder
G85  Rigid tapping
(G868  Thread cutting
G74  Slot milling
G75  Rectangular pocket milling, clockwisa
G78  Resctangular pocket milling, countarclockwise
G77  Circular pocket milling, clockwise
G78  Cireular pocket milling, counterclockwise
SL cycles, grouwp 1
G637 Comtowr geometry, list of subcontour program numbsers
GH8  Pilot drilling
G57 Apugh-ow
GS8  Contow miling, clockwise ﬁlnlshln
G52  Contowr milling, counterclockwise (finishing)

* Non-rmodal function

54 oyelos, aroup 2
G37 Contour geometry, list of subcomow program numbers
G120 Contour data {applies to G121 to G124}
G121 Pilot dwilling
(3122 Rough-out
G123 Floor finkshing
G124 Side finishing
G125 Contour train {machine open contour)

Coordinata transformations
G653  Datum shift in daturm table
G684  Datum shift in program
G28  Mirmor image .
G73  Rotation of the coordinate systam
(372 Scaling factor {reduca or enlarge contour)

Spectal

*Goe wall tirma F (in seconds)
G38  Oriantad spindle stop

" @39 Program call

Dafine woarking plane
G17  Working ptane: XfY; tool axis: Z
G18  Working plane: Z/X; tool axis: Y
G198 Working plane: Y/Z; tool axis: X
G20 Tool axis: IV

Dimensioning
G0 Absolute dlmensions ’
G91  Incremental dimangions

Unit of measurament i
G70  Inchas (defing at start of program)
G717 Milimeters (define at stant of program}

Othet afu noﬁom
Transfer tha iast nominal position value as a pola {circle center)
GSB Stop program run
* 361 Next tool number {with central tool fila)
GB6  Prabing function
*G79  Cyclo coll
*GoR Setlshal number

¥ Non-modat function

Stap program run/Spindle stop/Coolant off

.

MO0
M02  Stop program run/Spindie stop/Coolant off
delete status display (dapending on machine parameter)
floturn to block 1
MO3  Spindla ON clockwize
M04  Spindle ON counterclockwisa
M06  Spindiestop
M08  Tool change/spindle stop {depending on machine parametad}
Stop program run
MO8  Coolant ON
M09  Coolent OFF
M13  Spindla QN clockwise/Coolant DN
Mi4  Spindla ON counterclockwise/Coolant ON
M30 . Sameas MQ2
MBS Vacant miscellanaous function or
. Cyela call, modal
M39  Cyels call, non-modal
M0  Constant contouring speed at inside corners
and uncompensated comers
wMat Coordinates in positioning block are rofarencad to
the machina datum
MBZ  Coordinates in positioning block are referenced to
a position defined by the machine buiicker
maz Reservod
M34 - Reduce display of rotary axis to valua under 360°
M85  Heserved
MO8  Heserved
M97  Path cornpensation on autside corers: points of intersection instead of
transition arc
M98  End of path compensation, non-modal
M101  Autornatic tood change with sister took if maximum tool life has expired
' W102  Reset M101
M103  Reduce plunging rate to factor F {parcent}
M104  Reserved
M106  Machining with first Kv factor
M106  Machining with second Kv factor
M107  Supprass error message with sister tools with ovarsize
{with blockwise transfer)
M108 Resel M107
M108  Constant contouring speed at the tool cutting edge on insids and cutsids
‘ COTNENs .
M110  Constant contouring spasd st the tool cutting &dge on inside comers
M111  Feed rata refars to the taol path cantar istandard setting)
M112  Insert rounding arc batwesn two stralght lines, entar tolafance E
M113  Resati112 ]
M114  Automatic carnpansation of the machina geometry when working wlth

swivel axes

. a2 RAd A A
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