
FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



 Fanuc CNC
 Cus tom
 Mac ros

   

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Fanuc CNC 

Cus tom
Mac ros
Pro gram ming Re sources for Fanuc Cus tom Macro B Us ers

Pe ter Smid

In dus trial Press, Inc.
200 Mad i son Av e nue

New York, NY  10016-4078, USA

http://www.industrialpress.com

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



In dus trial Press Inc.
200 Mad i son Av e nue
New York, New York 10016-4078

Copy right © 2005. Printed in the United States of Amer ica

All rights re served

This book or parts thereof may not be re pro duced,
stored in a re trieval sys tem or trans mit ted in any form with out the
per mis sion of the pub lisher

Cover De sign: Janet Romano
Man ag ing Ed i tor: John Carleo

10    9    8    7    6    5    4    3    2    1       

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



To

Joan, Mi chael and Michelle

Thank you for ev ery thing

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Ac knowl edg ments
In this first edi tion of the Fanuc Cus tom Mac ros, the author would like to ex press much

de served and sin cere thanks and re peated ap pre ci a tion to Pe ter Eigler for never turn ing

away from a chal lenge and al ways be ing able to pro vide working so lu tion to a prob lem.

Many thanks are also re served for Eu gene Chishow, who can rightly claim many mac ros 

bear ing his name.

My fam ily has al ways pro vided a great sup port to me - thanks to you all.

In the handbook, there are ref er ences to sev eral man u fac tur ers, soft ware de vel op ers

and some trade names. It is only fair to ac knowl edge their names:

o FANUC and CUSTOM MACRO or USER MACRO or MACRO B are reg is tered trade marks

of Fujitsu-Fanuc, Ja pan

o GE FANUC is a reg is tered trade mark of GE Fanuc Au to ma tion, Inc.,

Char lottes ville, VA, USA

o MASTERCAM is the reg is tered trade mark of CNC Soft ware Inc.,

Tolland, CT, USA

o WINDOWS is a reg is tered trade marks of Microsoft, Inc.,

Redmond, WA, USA

o FADAL, OKUMA, MAKINO, YASNAC, MITSUBISHI, MELDAS,

MAZAK, MAZATROL - are also trade names that appear in the handbook
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About the Au thor
Pe ter Smid, the au thor of the best-sell ing CNC Pro gram ming Hand book and a num ber

of other pub li ca tions, is a pro fes sional con sul tant, ed u ca tor and speaker, with many

years of prac ti cal, hands-on ex pe ri ence, in the in dus trial and ed u ca tional fields. Dur ing

his ca reer, he has gath ered an ex ten sive ex pe ri ence with CNC and CAD/CAM ap pli ca -

tions on all lev els. He con sults to man u fac tur ing in dus try and ed u ca tional in sti tu tions on 

prac ti cal use of Com put er ized Nu mer i cal Con trol tech nol ogy, CNC part pro gram ming,

CAD/CAM, ad vanced ma chin ing, tool ing, setup, and many other re lated fields. His com -

pre hen sive in dus trial back ground in CNC pro gram ming, ma chin ing and com pany ori -

ented train ing has as sisted sev eral hun dred com pa nies to ben e fit from his wide-rang ing 

knowl edge.

Mr. Smid’s long time as so ci a tion with ad vanced man u fac tur ing com pa nies and CNC

ma chin ery ven dors, as well as his af fil i a tion with a num ber of Com mu nity and Tech ni cal

Col lege in dus trial tech nol ogy pro grams and ma chine shop skills train ing, have en abled

him to broaden his pro fes sional and con sult ing skills in the ar eas of CNC and CAD/CAM

train ing, com puter ap pli ca tions and needs anal y sis, soft ware eval u a tion, sys tem bench

mark ing, pro gram ming, hard ware se lec tion, soft ware cus tom iz ation, and op er a tions

man a ge ment.

Over the years, Mr. Smid has de vel oped and de liv ered hun dreds of cus tom ized ed u ca -

tional pro grams to thou sands of in struc tors and stu dents at col leges and uni ver si ties

across the United States, Can ada and Eu rope, as well as to a large num ber of man u fac -

tur ing com pa nies and pri vate sec tor or ga ni za tions and in di vid u als.

He has ac tively par tic i pated in many in dus trial trade shows, con fer ences, work shops

and var i ous sem i nars, in clud ing sub mis sion of pa pers, de liv er ing pre sen ta tions and a

num ber of speak ing en gage ments to pro fes sional or ga ni za tions. He is also the au thor of 

many mag a zine col umns and ar ti cles as well as in-house pub li ca tions on the sub ject of

CNC and CAD/CAM. Dur ing his many years as a pro fes sional trainer in the CNC in dus -

trial and ed u ca tional field, he has de vel oped tens of thou sands of pages of high qual ity

train ing ma te ri als.

Pe ter Smid is cur rently com plet ing a new book CNC Pro gram ming Tech niques, sched -

uled for re lease by In dus trial Press, Inc., in the Spring of 2005.

The au thor wel comes com ments, sug ges tions and other in put from ed u ca tors,

stu dents and in dus trial us ers

You can e-mail him from the Fanuc CNC Custom Macros page at www.industrialpress.com
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Dis claimer

In dus trial Press (the Pub lisher) and Pe ter Smid (the Au thor) pro vide

this pub li ca tion and the in cluded CD files in the form of 'as is', with out

war ranty of any kind, ei ther ex pressed or im plied, in clud ing, but not

lim ited to, the im plied war ran ties of mer chant abil ity and fit ness for

a par tic u lar pur pose. The au thor may make im prove ments or changes in

this pub li ca tion and/or the in cluded CD files, or in the pro gram ex am ples

used in this pub li ca tion, at any time and with out no tice.

Nei ther the Publisher nor the  Au thor as sumes any re spon si bil ity

for any er ror that may ap pear in the pub li ca tion or the CD files.

Use of names of com pa nies and prod ucts in this pub li ca tion does not re flect

an en dorse ment by ei ther those com pa nies or by the Pub lisher or the Au thor.
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Pref ace
For more than twenty five years, con trol sys tems for CNC ma chines have been de -

signed with many more fea tures than necessary just to pro cess a man u ally writ ten part

pro gram. A whole group of con ver sa tional pro gram ming sys tems has been of fered by

several con trol man u fac tur ers for many years. From the orig i nal Fanuc FAPT sys tem to

the mod ern on-ma chine pro gram ming avail able from com pa nies such as Mazak and

their Mazatrol sys tem, this method has proven very suc cess ful for CNC lathes, and to a

smaller de gree, to CNC mill ing systems as well. 

While most con ver sa tional pro gram ming of fers a great num ber of ben e fits for a va ri ety 

of suit able parts, it does not of fer the flex i bil ity of most CAD/CAM sys tems, within the

area of so called CAM pro gram ming. The ma jor ity of CAM sys tems of fer off-ma chine

CNC pro gram ming us ing graph i cal toolpath gen er a tion com bined with many fea tures

to pro duce pro grams of ex cel lent qual ity. For this rea son, they have be come the most

pop u lar method of part pro gram gen er a tion.

With all the ben e fits and some in ev i ta ble dis ad van tages, the tra di tional pro gram ming

meth ods of fer thou sands of CNC us ers the choice be tween the three com mon op tions -

man ual pro gram ming, on-ma chine con ver sa tional type of pro gram ming, or a CAM soft -

ware, in or der to de velop the part pro gram. Pro gram de vel op ment us ing mac ros of fer

an ad di tional method, com ple ment ing - not com pet ing with - the other meth ods.

 The pur pose of this hand book is not to com pare be tween the part pro gram de vel op -

ment meth ods, but to bring at ten tion to the type of part pro gram de vel op ment that has

not been used as of ten as it should - mac ros (known as Cus tom Mac ros or User Mac ros).

CNC program de vel op ment us ing mac ros does not re place any other pro gram ming

method. In fact, it be longs to the cat e gory of man ual pro gram ming - and as an ex ten sion 

- it of fers much higher level of so phis ti ca tion. This hand book is all about mac ros - what

they are and how to de velop them and how to use them. It of fers many do's and don'ts,

and it cov ers all the pop u lar Fanuc con trol sys tems. Al though there are other con trols

of fer ing mac ros, this hand book cov ers Fanuc mac ros ex clu sively. Mac ros for dif fer ent

con trols share the com mon ap proach and mainly differ in their syn tax. Learn ing mac ros

for one con trol will be come a ben e fit when learn ing a macro for a dif fer ent con trol. Mac -

ros pres ent an extremely wide and rich field of pro gram ming tools that a pro fes sional

CNC pro gram mer or CNC tech ni cal person can ex plore in great depth.

This hand book has been de signed as a train ing and ref er ence text that can be used in a

pro duc tion en vi ron ment - not as a pro duc tion ori ented text that can be used for train ing. 

In no way the handbook is in tended to re place man u als sup plied with the ma chine tool

or the con trol sys tem - they are vi tal part of the learn ing pro cess.

Pe ter Smid, Jan u ary 2005
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FANUC MACROS

This hand book has been de vel oped as a re source ma te rial for CNC pro gram ming at its high est

level, us ing Fanuc and com pat i ble Com puter Nu mer i cal Con trol sys tems (CNC sys tems). Tech -

niques de scribed in the hand book are still part of the man ual pro gram ming pro cess, in the sense

that no ex ter nal CAD/CAM soft ware or hard ware is re quired. Al though the main topic of this

hand book is ap pli ca tion of Fanuc Cus tom Mac ros in CNC pro gram ming (known as Fanuc Custom 

Macro B), sev eral re lated top ics have been added, mainly for co her ence and com par i son, but

mainly as a re fresher of some ba sic CNC pro gram ming skills re quired as a pre req ui site.

The sub ject mat ters deal with sev eral ma jor top ics, and the hand book is or ga nized in the sug -

gested or der of learn ing. More ex pe ri enced us ers can start at any sec tion within the hand book:

o General Introduction

o Review of G-codes and M-codes

o Review of subprograms

o System parameters

o Data setting

o Custom macros

o Probing applications

Nu mer ous ex am ples and sam ple pro grams are used through out the hand book. Their pur pose is

to serve not only as prac ti cal ap pli ca tions of the tech niques ex plained, but - for many of them - as

the ba sis for ready-to-run macro pro grams.

Al though all the top ics cov ered in the hand book are crit i cal, they are dis cussed here for the sin -

gle pur pose of learn ing one sub ject, com monly known as Cus tom Macros, User Macros, Fanuc

Macros, Macro B, or - just Macros. Sev eral non-Fanuc con trols also of fer their ver sion of mac -

ros, for ex am ple Fadal and Okuma, but only Fanuc mac ros are cov ered in this hand book.

General Introduction

This is the gen eral in tro duc tion to the sub ject of macros. Its pur pose is to make you aware of

what mac ros are, what re lated sub jects are im por tant, and to iden tify sev eral other help ful items to 

get you started in this im por tant, ex it ing and of ten un der es ti mated, field of CNC pro gram ming.

Knowl edge of mac ros is be com ing more and more es sen tial, as com pa nies large and small look

to wards more ef fi cient ways of CNC pro gram de vel op ment, par tic u larly for cer tain type of parts.

Al though CAD/CAM pro gram ming sys tems have be come very pop u lar and are on the rise, they

do not and can not al ways re place macro pro gram ming, for var i ous rea sons. Macros of ten serve as 

a spe cial so lu tion to spe cial re quire ments.

The fol low ing brief de scrip tions pro vide some ideas of ma jor sub jects cov ered in the hand book.

1

 1 
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Review of G-codes, M-codes and Subprograms

It may ap pear that any dis cus sion of pre pa ra tory com mands (G-codes), and mis cel la neous func -

tions (M-codes), as well as subprogram topics is too ba sic and should not be in cluded in a

handbook on cus tom macro pro gram ming. Be fore you get in ter ested in mac ros or ac tu ally work

with them, there are cer tain pre req ui sites of knowl edge and experience. CNC program struc ture

is com posed of a number of fea tures, such as po si tion ing data (ma chine axes), cut ting data (speed

and feeds), off sets, com ments, cy cles, etc. De vel op ing a CNC pro gram re quires knowl edge and

dis ci pline. Be fore get ting into the field of macro pro gram ming, you should be well ex pe ri enced in 

the us age of the pre pa ra tory com mands - the G-codes, and the mis cel la neous func tions - the

M-codes. You should also un der stand the struc ture and de vel op ment of subprograms, in clud ing

mul ti ple level nest ing applications. These top ics form the cor ner stone of macro de vel op ment.

They are in cluded in this handbook strictly for a re view, as a re fresher ma te rial and for ref er ence

only, in a some what con densed form.

System Parameters

In a lit tle play on words, you may say that pa ram e ters con trol the con trol. That means, pa ram e -

ters are part of the con trol sys tem and make it func tion in a har mo ni ous way with the ma chine

tool. Good knowl edge of only a few pa ram e ters are nec es sary for an av er age CNC user, and not

all con trol pa ram e ters are nec es sary for macro pro gram de vel op ment. Parameters do, how ever,

form the en vi ron ment in which mac ros are de vel oped and op er ate. Both terms pa ram e ters and

sys tem pa ram e ters are frequently used through out the hand book, and so is the term para met ric

pro gram ming. Al though both terms are cov ered in this hand book and they are lin guis ti cally con -

nected, they do not share the same mean ing in CNC pro gram ming.

Pa ram e ters or Sys tem Pa ram e ters are set tings of the con trol sys tem. They can be thought of as

var i ous reg is ters that store ma chine and pro gram data. On the other hand, Para met ric Pro gram -

ming is a method of programming of ten known as the pro gram ming the fam ily of sim i lar parts. 

Data Setting

In or der for a CNC ma chine to ex e cute a pro gram cor rectly, it re quires more than just the part

setup on the machine. We are deal ing with tech nol ogy called nu mer i cal con trol, there fore with in -

ter pre ta tion of num bers - we need many set tings of data in nu meric form. The three off set groups

re quired for a com plete ma chine setup are the larg est part of this topic. They are:

o Off sets re lat ing to work po si tion ... work off sets (G54, G55, G56, G57, G58, G59)

o Off sets re lat ing to tool length ... tool length off sets (G43, G44, G49)

o Off sets re lat ing to tool ra dius ... tool ra dius off sets (G40, G41, G42)

Var i ous off set data can be set through the pro gram with the G10 pre pa ra tory com mand, with out 

us ing any mac ros at all. Off set data can also be changed through the mac ros for even more

flexibility - in this case, the sys tem pa ram e ters and data set ting tech niques are im por tant pre req ui -

sites. Keep in mind that var i ous con trol sys tems in the Fanuc fam ily may re quire a slightly dif fer -

ent for mat of pro gram ming, even when the fi nal re sults are the same. It is im por tant to know each

con trol in the shop as well as the ma chine tool us ing this con trol. Do not as sume that a macro de -

vel oped for one con trol model will work with an other con trol model.
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Throughout the handbook, there will be reminders that any changes to the control system
will affect its operation. It is extremely important that all changes to parameters or

any stored data are done by qualified and authorized professionals !

Custom Macros

The sub ject of Cus tom Macros - or the User Mac ros - is the ma jor topic of this hand book. In the 

or der of sug gested learn ing, you will dis cover many valu able pro gram ming meth ods and tech -

niques, pro ce dures, tips, and sug ges tions of how to de velop a macro pro gram from the scratch.

Many prac ti cal ex am ples are in cluded to help you to start or to be used as a ref er ence later.

With in creas ing work ex pe ri ence, you will be able to make mac ros faster, mac ros more pow er -

ful and more ef fi cient. You will be able to de velop mac ros for var i ous ma chine tool ac tiv i ties you

would have never thought of be fore. Mac ros may take some time to de velop prop erly, but it is a

time well in vested.

Probing Applications

Macros are the back bone for any au to matic probing and gauging on the CNC ma chine (and

many other au to mated procedures). Al though some users may want to dis tin guish be tween the two 

terms, we will use them in ter change ably for the same pur pose. Probing al lows an in-process in -

spec tion of the ma chined part, in clud ing off sets cor rec tions and many other ad just ments. Probing

has no real equiv a lent in stan dard pro gram ming.

Macro pro gram ming for prob ing de vices re quires more than just the man da tory avail abil ity of

macro option in the con trol sys tem - it also re quires ad di tional hard ware in stalled on the ma chine

tool, plus the nec es sary soft ware in ter faces. Many man u fac tur ers of prob ing de vices may of fer

their own ge neric mac ros, but you still need to de velop cus tom prob ing mac ros for spe cific pur -

poses, as they relate to your work.

Overall View

Ex cept the brief re fresher top ics, the last few top ics may not be the eas i est sub ject to learn for

the be gin ner, but all top ics are very log i cal in their na ture. Also, they are pre sented here in the or -

der you should learn them. What you need as a good back ground is the knowl edge of the ba sic

CNC pro gram ming, the syn tax of word ad dress for mat, un der stand ing of the pro gram struc ture

(flow), and at least the ba sic op er a tion of the CNC ma chine tool on a pro duc tion level. De tailed

knowl edge (as op posed to a su per fi cial one) of the G-codes and the M-codes is im per a tive, and for 

macro de vel op ment, the knowl edge of subprograms and their struc ture, in clud ing nest ing lev els,

is equally im per a tive.

To learn the ad vanced pro gram ming meth ods ef fi ciently, you al most must have an ac cess to a

CNC con trol that has the re quired macro op tion installed. Learn ing how to de velop mac ros is like

learn ing how to swim. A great num ber of books will de scribe the many tech niques of swim ming,

but you learn the most only when you learn in the wa ter. There are no short cuts to suc cess - you

have to un der stand what is go ing on, and you have to try it - and that may take a lit tle time. 
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Macro Programming

In the hand book, the short term macro will be used, re fer ring to an op tional fea ture of Fanuc

con trol sys tems called the Cus tom Macro or the User Macro. Typ i cally, a let ter B is added to the

de scrip tion, such as Cus tom Macro B or User Macro B. That is just an in di ca tion of a level more

ad vanced from the orig i nal ver sion. Vir tu ally all Fanuc con trols now of fer the optional Macro B

ver sion, even if it is not spec i fied di rectly in the con trol de scrip tion. Other con trol sys tems of fer a

sim i lar method of flex i ble pro gram ming and the logic and gen eral approach you learn here for the

Fanuc con trol can be adapted for con trol sys tems other than Fanuc (Fadal, Okuma, etc.). As the

name sug gests, cus tom mac ros are avail able to the CNC user, to serve as an ad di tional tool for

unique and spe cific ap pli ca tions of a ma chine tool.

Keep in mind that mac ros are op tional fea ture of the con trol sys tem, and un less your com pany

has pur chased this op tion, you will have no ac cess to them. How ever, it is easy to have them ac ti -

vated by a qual i fied Fanuc tech ni cian on re quest, and upon a pay ment, of course.

Macro Op tion Check

Do I have the macro op tion in stalled? This is a com mon ques tion of many us ers of CNC equip -

ment. Even if you have ab so lutely no idea about mac ros at this time, it is very im por tant to know

whether the con trol sys tem you are us ing has the macro op tion in stalled be fore you write a macro

program. There is very a sim ple way to find out, and no spe cial pro gram is nec es sary to do that.

Set the con trol to MDI mode (Man ual Data In put) and type in the fol low ing com mand:

  #101 = 1

When you press the Cy cle Start but ton, one of two pos si bil i ties will hap pen. If the con trol sys -

tem ac cepts the com mand with out is su ing an alarm or er ror con di tion, it means the macro op tion

is in stalled. On the other hand, if the con trol sys tem re turns an alarm (er ror) mes sage (usu ally in -

di cat ing a syn tax er ror or ad dress not found), the macro op tion is not in stalled on that con trol.

Make sure to en ter the data as shown in the ex am ple, in clud ing the # sym bol that iden ti fies the

num ber that fol lows as a vari able num ber 101 with an as signed value of 1. Other com mands can

be en tered as well, but the one shown is a harm less way to make the macro availability check. 

What is a Macro Programming?

In a few words, macro pro gram ming is a part pro gram ming tech nique that com bines stan dard

CNC pro gram ming meth ods with ad di tional con trol fea tures for more power and flex i bil ity.

Macro for all CNC sys tems is the clos est method of pro gram ming to a true lan guage based pro -

gram ming, us ing the CNC sys tem di rectly. Gen er ally available high-level lan guages, such as

C++™ or Vi sual Basic™, and many of their forms and derivatives, are used by com puter soft ware 

pro fes sion als ev ery where to de velop so phis ti cated soft ware for var i ous com puter ap pli ca tions.

Fanuc macro is not a lan guage it self by a strict def i ni tion - it is a spe cial pur pose soft ware used for 

CNC ma chines only. How ever, a CNC macro pro gram uses many fea tures found in high level

com puter lan guages.
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Typ i cal Features

Typ i cal fea tures found in Fanuc mac ros are:

o Arithmetic and algebraic calculations

o Trigonometric calculations

o Variable data storage

o Logical operations

o Branching

o Looping

o Error detection

o Alarm generation

o Input and Output

o … and many other features

A macro pro gram re sem bles a stan dard CNC pro gram to a cer tain ex tent, but in cludes many

fea tures not found in reg u lar pro gram ming. Es sen tially, a macro pro gram is struc tured as a

regular subprogram. It is stored un der its own pro gram num ber (O-), and it is called by the main

pro gram or by an other macro, us ing a G-code (typ i cally G65). How ever, in a very sim ple form,

macro fea tures can be used in a sin gle pro gram as well, with out the macro call com mand.

Main Pro gram with Macro Fea tures

Here is a simple ex am ple of a nor mal part pro gram that cuts four slots (rough ing cuts only):

N1 G21
N2 G17 G40 G80
N3 G90 G00 G54 X25.0 Y30.0 S1200 M03
N4 G43 Z2.0 H01 M08
N5 G01 Z-5.0 F100.0
N6 Y80.0 F200.0 (SLOT 1)
N7 G00 Z2.0
N8 X36.0
N9 G01 Z-5.0 F100.0
N10 Y30.0 F200.0 (SLOT 2)
N11 G00 Z2.0
N12 X47.0
N13 G01 Z-5.0 F100.0
N14 Y80.0 F200.0 (SLOT 3)
N15 G00 Z2.0
N16 X58.0
N17 G01 Z-5.0 F100.0
N18 Y30.0 F200.0 (SLOT 4)
N19 G00 Z2.0 M09
N20 G28 Z2.0 M05
N21 M30
%

Note the re pet i tive use of the two feedrates:

F100.0 for plung ing and F200.0 for slot cut ting.
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In the pro gram, each feedrate ap pears once per slot. The more slots, the more pro grammed

feedrate. If you need to change one or both feedrates in the pro gram, the change has to be done for 

each slot in di vid u ally. With many slots, this could be a time con sum ing task.  A macro fea ture

used in the pro gram greatly sim pli fies the job. The key is to de fine the two feedrates as vari ables,

at the be gin ning of the program. A variable def i ni tion is pre ceded by the # sym bol and used in -

stead of the 'real' value:

N1 G21
N2 G17 G40 G80
N3 #1=100.0 (PLUNGING FEEDRATE)
N4 #2=200.0 (CUTTING FEEDRATE)
N5 G90 G00 G54 X25.0 Y30.0 S1200 M03
N6 G43 Z2.0 H01 M08
N7 G01 Z-5.0 F#1
N8 Y80.0 F#2 (SLOT 1)
N9 G00 Z2.0
N10 X36.0
N11 G01 Z-5.0 F#1
N12 Y30.0 F#2 (SLOT 2)
N13 G00 Z2.0
N14 X47.0
N15 G01 Z-5.0 F#1
N16 Y80.0 F#2 (SLOT 3)
N17 G00 Z2.0
N18 X58.0
N19 G01 Z-5.0 F#1
N20 Y30.0 F#2 (SLOT 4)
N21 G00 Z2.0 M09
N22 G28 Z2.0 M05
N23 M30
%

By chang ing the vari able #1, all plung ing feedrates will be changed au to mat i cally, and by

chang ing the vari able #2, all cut ting feedrates will be changed au to mat i cally. This is just a small

ex am ple of the power of mac ros - it should pro vide at least ba sic ap pre ci a tion of their ben e fits.

An other ex am ple of this tech nique will be de scribed in Chap ter 8, with ad di tional de tails. 

Using Macros

Knowing what mac ros are and what they are ca pa ble of will help you to use them in an ef fec tive

and prof it able way. There are many ar eas where mac ros can be an es sen tial part of CNC pro gram -

ming, whether a man ual method or a CAD/CAM method is used. If used wisely, mac ros, as a

pro gram ming tool can co ex ist with any CAD/CAM sys tem - but they do not re place it - they serve 

as just an other method to achieve a cer tain goal. Mac ros can be used for gen eral CNC ma chin ing,

but also more and more they are used to con trol mod ern man u fac tur ing equip ment and its many

au to mated fea tures, such as ma te rial han dling, tool break age in spec tion, spe cial cy cles, etc.
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Cer tain con trol fea tures are nor mally ac cessed by a skilled CNC op er a tor, typ i cally done dur ing 

the job setup. Characteristic in this cat e gory are the com mon off sets (for work po si tion, tool

length and ra dius). The CNC op er a tor makes the ap pro pri ate mea sure ments and en ters the off sets

into the con trol sys tem. Macros al low the programmer to au to mate both the mea sure ment and the

in put of off set val ues. Spe cial mea sur ing equip ment (also known as prob ing or gaug ing equip -

ment) is re quired for such ac tiv i ties, but many oth ers do not re quire any ad di tional equip ment.

An other very com mon ap pli ca tion of mac ros is a group of parts that are sim i lar in some re -

spects, for ex am ple, their ba sic shape. All parts in such a group can use a sin gle mas ter pro gram

(in the form of a macro) that can be called with dif fer ent data in put val ues for each group mem ber.

The fol low ing list high lights some of the most com mon ap pli ca tions of mac ros:

o Groups of similar parts

o Offset control

o Custom fixed cycles

o Nonstandard tool motions

o Special G-codes and M-codes

o Alarm and message generation

o Replacing control options 

o Hiding and protecting macro programs

o Probing and gauging

o Various shortcuts and utilities

Groups of Similar Parts

In the old days (1970's) of off-ma chine lan guage pro gram ming (us ing pro gram ming lan guages

such as Com pact II™, Split™, APT™, ADAPT™, and many oth ers), it was com mon to pro gram

parts that are sim i lar in shape (mean ing ‘sim i lar, but not ex actly the same’), and also sim i lar in the 

gen eral ma chin ing pro cess. For ex am ple, a bolt cir cle of equally spaced holes is a com mon ma -

chin ing op er a tion for many ma chine shops and with out mac ros, each bolt cir cle has to be cal cu -

lated in di vid u ally for the XY co or di nates and the re lat ing cut ting data. Yet, the same for mu las are

used over and over again, each time a new bolt cir cle is re quired. Once there is a suit able bolt cir -

cle macro avail able, it can be called re peat edly by sup ply ing only the data that change. The cal cu -

la tions of the bolt cir cle hole po si tions and the ap pro pri ate ma chin ing will be de ter mined by this

data. Other hole pat terns, such as arc, row, grid and frame pat terns are also good can di dates for a

macro (see the Para met ric Programming sec tion of the hand book). De vel op ing a macro will usu -

ally re quire more time than an in di vid ual part pro gram, but this time is well in vested. Once a

macro ex ists and is used, it elim i nates any other pro gram ming - all that is needed is the change of

the pa ram e ters (for ex am ple, speeds, feedrates, di men sions, depths, etc.).

Many other re pet i tive ma chin ing tasks and sim i lar toolpaths can also ben e fit from proper ap pli -

ca tion of macro programs. The group of sim i lar parts is of ten called the fam ily of sim i lar parts  or, 

more ge ner i cally, parametric pro gram ming, where the user sup plies pa ram e ters (change able

values) to an ex ist ing macro. How ever, a true para met ric pro gram ming is not re stricted to the

sim i lar parts only. Many ma chin ing op er a tions, such as pock et ing, are very com mon. Rect an gu -

lar and cir cu lar pock ets, with straight and ta pered walls can ben e fit from a macro ap pli ca tion. Do

not con fuse para met ric pro gram ming with sys tem pa ram e ters, also de scribed in the hand book.
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Offset Control

Pro gram ma ble off sets used for CNC work are of three kinds:

o Work offset - G54 to G59 commands (standard) + G54.1 P1 to  G54.1 P48 commands (option)

o Tool length offset - using the G43 or G44 commands, usually with an H-address

o Cutter radius offset - using the G41 or G42 commands, usually with a D-address 

In ad di tion, there are dif fer ent ver sions of the avail able off sets, such as ge om e try and wear, ex -

ter nal or com mon off set, and three dif fer ent types of con trol mem ory. Using mac ros, off sets can

be en tered, cleared, checked, ad justed and ma nip u lated through the pro gram, with out in ter fer ence 

from the CNC ma chine op er a tor. Some off set changes re quire a prob ing de vice, oth ers can be

changed ar bi trarily, de pend ing on the work sit u a tion. Knowl edge of off sets and the way they in -

ter act with the CNC pro gram is ab so lutely es sen tial for most macro ap pli ca tions.

Custom Fixed Cycles

Fixed cy cles have been part of pro gram ming for a long time. They are used ev ery day and they

work very well. Oc ca sion ally, there is a need for a spe cial cy cle that will do some thing un usual,

less com mon, yet im por tant for a cer tain ap pli ca tion. For ex am ple, there are fixed cy cles that

feed-in and feed-out of a hole. The feedrate is al ways the same for both di rec tions. You may de -

velop a new cy cle, where the cut ting feedrate will change in one di rec tion only. An other ex am ple

is a cy cle that can peck drill with a de creas ing peck depth of each sub se quent cut. G83 and G73

cy cles can not do that. Many spe cial cy cles can be de vel oped, and not just for ma chin ing holes.

Nonstandard Tool Motions

The three com mon tool mo tions, rapid, lin ear and cir cu lar, are suit able for most CNC jobs.

Other mo tion types are of ten needed, yet im pos si ble to achieve with out spe cial con trol soft ware.

They in clude curves based on math e mat i cal for mu las, such as a straight he lix, ta per ing he lix, pa -

rab ola, hy per bola, sine curve, etc. Cus tom mac ros can be de vel oped to ac cu rately sim u late such a

toolpath, us ing a math e mat i cal for mula and re sult ing in a very com plex tool mo tion cal cu la tion.

Special G-codes and M-codes

Man u fac tur ers of spe cial equip ment may want to con trol cer tain op er a tions by a G-code or an

M-code. These will be nonstandard func tions and can be de vel oped with a macro. Later in the

hand book, there is a cir cu lar pocket cy cle macro us ing a call G13 - a new Fanuc G-code that can

be used in ev ery day pro gram ming (already avail able on some non-Fanuc controls).

Alarm and Message Generation

Macros can also be used to de tect a number of er ro ne ous con di tions (faults) and al low the part

pro gram mer to com mu ni cate the fault to the CNC op er a tor in the form of an alarm or an er ror

con di tion. Alarm (error) can have its own num ber and a brief de scrip tion of the cause. In stead of

alarms in di cat ing the pos si ble cause of a fault, in struc tional mes sages to the ma chine op er a tor can

be generated, de scrib ing what is hap pen ing or what ac tiv ity needs to be done.
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Replacing Control Options 

Fanuc con trols of fer many spe cial fea tures that are only avail able as an op tion. Typ i cal op tional

fea tures are Scaling Func tion, Co or di nate Sys tem Ro ta tion, Po lar Co or di nates, Ad di tional Off -

sets, etc. With mac ros, you can de velop a pro gram per form ing ex actly the same func tion what

these op tions of fer, with out the ex tra cost, which of ten is quite high.

Hiding and Protecting Macro Programs

There will be macro pro grams that you cre ate, than use them over and over again. Af ter all, that 

is the main rea son for their de vel op ment in the first place. If some thing goes wrong with the

macro in the con trol sys tem, for ex am ple, an ac ci den tal de le tion, its loss would cause a sig nif i cant 

prob lem to the pro duc tion pro cess at that point. Macros can be pro tected within the con trol

software, so they can not be ac ci den tally de leted or changed with out forced ad di tional steps.

Macros with sen si tive con tents can also be hid den from the di rec tory dis play.

Probing and Gauging

Probing and gaug ing are a very im por tant areas of us ing cus tom mac ros. A sec tion on prob ing,

with ex am ples, is also a sig nif i cant part of this hand book. Using probes and sim i lar de vices,

custom mac ros can be uti lized as an ‘on-ma chine in spec tion sta tion’, using a method com monly

known as in-process gaug ing. Mea sured val ues (ac tual val ues) can be com pared with the ex pected 

val ues (draw ing val ues), and var i ous off sets can be au to mat i cally ad justed.

Cus tom macros used in prob ing can be ap plied to dif fer ent types of draw ing specifications, such 

as cor ner lo ca tions, cen ter lo ca tions, an gles, di am e ters, depths, widths, au to matic cen ter ing, bor -

ing mea sure ments, and many oth ers.

Various Shortcuts and Utilities

Many small util ity pro grams can also be writ ten into a macro form, to make the pro gram ming

job (and the op er a tor's job) eas ier and safer. Util ities are usu ally small pro grams that do not ac tu -

ally ma chine a part, but are used for cer tain com mon op er a tions. Typ i cal ap pli ca tions may in clude 

safe tool call, ta ble or pal let in dex ing, man age ment of tool life for un manned op er a tions, de tec tion 

of worn out or bro ken tools, re de fin ing the pro gram zero (or i gin) for un even cast ings, bor ing jaws 

on a lathe, count ing the parts al ready ma chined, au to mat ing part-off op er a tions on a CNC lathe,

au to matic tool chang ing, and many other pos si bil i ties. All these pro grams share a com mon fea ture 

- they are very ef fec tive short cuts for re peat able ac tiv i ties that oc cur in CNC pro gram ming.     

The field of macro ap pli ca tions is very ex ten sive. In ad di tion to the many pos si bil i ties already

de scribed, mac ros can be used to check spin dle speeds, feedrates, and tool num bers, they can con -

trol the I/O (in put and out put) of data, check and reg is ter the ac tive G-code com mand in a par tic u -

lar group, and dis able the feedhold fea ture, spin dle and feedrate over rides and a sin gle block

op er a tion. The ap pli ca tions are vir tu ally end less, and de pend not only on your par tic u lar needs but 

your skills as well.
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Skills Requirements

Like any hu man en deavor, a suc cess ful cus tom macro pro gram ming re quires cer tain skills, and

not only in the field of ma chine shop work and re lated tech nol ogy. When a macro pro gram ming is 

com pared to a con ven tional CNC pro gram ming, all the skills re quired for the stan dard CNC pro -

gram ming will be needed, plus many oth ers.

For the stan dard CNC pro gram ming, the pro gram mer in a typ i cal ma chine shop en vi ron ment

must un der stand all the items al ready men tioned, plus many new ones. Work ex pe ri ence is a def i -

nite as set, and all is sues re lat ing to skills can be summed up into the fol low ing ar eas:

o CNC machines and controls - operation and programming

o Machining skills - how to machine a part

o Basic mathematics skills - calculations, formulas

o Program structure development skills - convenience and consistency

o Offsets and Compensations applications skills - various adjustments

o Fixed cycles in depth - how they work, in detail

o Subprograms in depth, including multi nesting applications

o System parameters, their purpose and functions

To be come a suc cess ful CNC cus tom macro pro gram mer, a good work ing knowl edge of a high

level lan guage is not ab so lutely nec es sary, but it is of a pri mary ben e fit. Lan guages men tioned

earlier, such as var i ous forms of Vi sual Ba sic™, C++™, the old Pascal™, Delphi™, Lisp™ - in -

clud ing AutoLISP™ from the mak ers of Autocad (the most pop u lar CAD soft ware for per sonal

computers), and many oth ers, of fer ex cel lent plat form for learn ing.

One skill that is very im por tant to un der stand ing mac ros, is the deep knowl edge of the Pre pa ra -

tory Com mands (G-codes) and the Mis cel la neous Func tions (M-codes) in a part pro gram (both are 

re viewed in this hand book). Keep in mind that G-codes are rea son ably con sis tent be tween dif fer -

ent Fanuc con trol mod els (and com pat i ble con trols), al though a lot of them are spe cial op tions.

M-codes will vary a great deal be tween dif fer ent Fanuc con trolled ma chined tools, de pend ing on

the ma chine tool man u fac turer. The chap ter cov er ing this topic lists the M-codes for ref er ence

only, and knowl edge of all M-codes (and G-codes) on a par tic u lar CNC ma chine tool is ab so lutely 

es sen tial. An other very im por tant back ground skill, also re viewed here, is the knowl edge of

subprograms in depth. Subprograms are the first log i cal step into the macro de vel op ment.

Finally, a list of skills that are not exclusively con fined to the CNC pro gram ming area but that

are also very use ful are, for ex am ple:

o Problem solving skills

o Analytical skills

o Logical thinking

o Organizational skills

o Patience (a lot of it)

There are no sim ple so lu tions, but one ad vice may be use ful - al ways try to work to wards a par -

tic u lar goal. Es tab lish a spe cific practical pro ject, eval u ate it, then work to ward its 100% com ple -

tion. Test, test again and then, test one more time. Just do not give up!
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BASIC PROGRAM CODES

In CNC part pro gram ming, all ad dress codes (let ters in the pro gram) are equally im por tant and

should not be un der es ti mated, but there are two ad dresses that stand out as very im por tant to

macro pro gram ming. The G-codes and the M-codes are the ma jor fea ture of ev ery CNC pro gram

and the key to suc cess ful macro pro gram de vel op ment. In mac ros, they are used the same way as

in stan dard pro grams, but also gain ad di tional at trib utes. It is im por tant to know these codes for

ev ery CNC ma chine and con trol sys tem equipped with mac ros. In this chap ter, all these im por tant 

codes in a CNC pro gram are re viewed. The chap ter also in cludes a typ i cal ref er ence list for both

types of the ba sic G and M pro gram ming codes.

Preparatory Commands

The G-codes in a CNC pro gram are called the pre pa ra tory com mands. The pur pose of the pre -

pa ra tory com mands is to pre pare - or to pre set - the con trol sys tem to a cer tain mode of op er a tion. 

For ex am ple, the CNC pro gram can use Eng lish or met ric units of mea sure ment. The con trol sys -

tem has to be pre set to that mode be fore any di men sional value ap pears in the pro gram. Nor mally, 

we use the G20 com mand to se lect Eng lish units (inches) and the G21 com mand to se lect metric

units (mil li me ters). Other com mon ex am ples of pre pa ra tory com mands in clude the type of tool

mo tion (G00, G01, G02, G03), ab so lute and in cre men tal mode (G90, G91), and many oth ers.

The key to pro gram ming any G-codes is that the de sired mode has to be se lected be fore it is used.

If you do not se lect the mode in the pro gram, the con trol sys tem has many de fault set tings.

Default Settings

When the power to the con trol sys tem is turned on, there was no pro gram that could in flu ence

the in ter nal set tings of the con trol system. That means the built-in set tings, the de fault set tings,

will take ef fect. Al though most con trols have the same de faults, it is im por tant that you know

them for each con trol in di vid u ally, be cause they can be per ma nently changed by the ven dor or the 

user. Typ i cal de fault set tings are iden ti fied with the t (di a mond) sym bol in the ref er ence ta bles.

De faults of sev eral G-codes may be set by the ven dor or the user, and may dif fer from the typ i cal

list. They are G00/G01, G17/G18/G19, G90/G91, and sev eral oth ers. To set a dif fer ent de -

fault, you have to use sys tem pa ram e ters, de scribed in a sep a rate chap ter.

Be very cau tious when mak ing per ma nent changes to the con trol sys tem set tings !

An incorrect parameter setting can permanently damage
the control system and / or the machine tool !
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Modal Values

Pre pa ra tory com mands can be ei ther modal or non-modal. Modal com mands are pro grammed

only once, and re main in their se lected mode un til changed or can celed by an other com mand.

Most - but not all - of the G-codes are modal. The typ i cal non-modal com mands are G04, G09

and the ma chine zero re turn com mands G27-G30. These are of ten called 'one shot' com mands.

Some pre pa ra tory com mands re main in ef fect, even if the power of the con trol has been turned off. 

The most typ i cal is the G20 or G21 com mand that se lects the units mode.

Programming Format

Any num ber of G-codes from dif fer ent groups (see ta ble) can be pro grammed in a sin gle block,

pro vid ing they do not con flict with each other. If a con flict ing G-code ap pears in the same block,

the one spec i fied later will be ef fec tive - Fanuc sys tem will not cause an er ror con di tion! 

Miscellaneous Functions

The M-codes in a CNC pro gram are called the Mis cel la neous Func tions. Most of them con trol

the hard ware func tions of the ma chine tool, for ex am ple M08 turns the cool ant pump mo tor on

and M09 turns it off. They also con trol the pro gram flow, for ex am ple M01 is an op tional pro -

gram stop, M30 is the pro gram end, etc. Many M-codes are de signed by the man u fac turer of the

ma chine tool, and are unique to that ma chine only - they are nonstandard and can only be found in 

the ma chine tool man ual.

Programming Format

Normally, only one M-code can be used in any block. Some lat est con trols (Fanuc 16/18/21)

now al low up to three M-codes in a sin gle block, pro vid ing they do not con flict with each other. If 

a con flict ing M-code ap pears in the same block or too many M-codes are in the block, the sys tem

will re turn an er ror con di tion.

M-codes with a Motion

If an M-code is pro grammed to gether with an axis mo tion, it is im por tant to know when the

M-code takes ef fect. For ex am ple, M03 will start si mul ta neously with the mo tion, but M05 will

take ef fect af ter the mo tion has been com pleted. Ev ery ma chine tool man ual should in clude in for -

ma tion on how the M-codes be have when pro grammed with a mo tion.

Custom M-codes

The M-codes are the least stan dard from one con trol or ma chine to an other, even from the same 

man u fac turer. Only a small num ber of M-codes can claim to be stan dard. Ma chine tool man u fac -

tur ers as sign an M-code to any unique op tion the ma chine tool may have. Some man u fac tur ers

may as sign hun dreds of unique M-codes for a par tic u larly com plex ma chine tool. Al ways know

the spe cial M-codes for ev ery ma chine you work with.
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Reference Tables

The fol low ing ta bles list the typ i cal pre pa ra tory com mands (G-codes) and mis cel la neous func -

tions (M-codes). Both mill ing and turn ing ap pli ca tions are in cluded and the typ i cal de fault pre pa -

ra tory com mands are marked with the t sym bol (sub ject to change by the ven dor or the user). 

In case of discrepancy between the included tables and the CNC machine tool manual,
always use the codes listed by the machine tool manufacturer

G-codes for Milling

The fol low ing ta ble is a fairly com pre hen sive ref er ence list ing of all stan dard as well as the most 

com mon G-codes (pre pa ra tory com mands) used for CNC mill ing pro grams (CNC mill ing ma -

chines and ma chin ing cen ters). All inter-de pend ent G-codes be long to the same group num ber and 

are modal, un less they be long to the Group 00, which iden ti fies all non-modal com mands:

G-code Group Description

G00 01 Rapid positioning mode

G01 01 Linear interpolation mode t

G02 01 Circular interpolation mode - clockwise direction

G03 01 Circular interpolation mode - counterclockwise direction

G04 00 Dwell function (programmed as a separate block)

G07 00 Hypothetical axis interpolation

G09 00 Exact stop check for one block

G10 00 Data setting mode (programmable data input)

G11 00 Data setting mode cancel

G15 17 Polar coordinate mode cancel t

G16 17 Polar coordinate mode

G17 02 XY plane designation t

G18 02 ZX plane designation

G19 02 YZ plane designation

G20 06 English units of input

G21 06 Metric units of input

G22 04 Stored stroke check ON t

G23 04 Stored stroke check OFF

G25 25 Spindle speed fluctuation detection ON

G26 25 Spindle speed fluctuation detection OFF t
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G-code Group Description

G27 00 Machine zero return position check

G28 00 Machine zero return - primary reference point

G29 00 Return from machine zero

G30 00 Machine zero return - secondary reference point

G31 00 Skip function

G33 01 Threading function

G37 00 Tool length automatic measurement

G40 07 Cutter radius compensation mode cancel t

G41 07 Cutter radius compensation mode to the left

G42 07 Cutter radius compensation mode to the right

G43 08 Tool length offset - positive

G44 08 Tool length offset - negative

G45 00 Position compensation - single increase

G46 00 Position compensation - single decrease

G47 00 Position compensation - double increase

G48 00 Position compensation - double decrease

G49 08 Tool length offset cancel t

G50 11 Scaling function mode cancel t

G51 11 Scaling function mode

G52 00 Local coordinate system setting

G53 00 Machine coordinate system setting

G54 14 Work coordinate offset 1 t

G54.1 14 Additional work coordinate offset

G55 14 Work coordinate offset 2

G56 14 Work coordinate offset 3

G57 14 Work coordinate offset 4

G58 14 Work coordinate offset 5

G59 14 Work coordinate offset 6

G60 00 Single direction positioning

G61 15 Exact stop mode

G62 15 Automatic corner override mode

G63 15 Tapping mode

G64 15 Cutting mode t

G65 00 Custom macro call
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G-code Group Description

G66 12 Custom macro modal call

G67 12 Custom macro modal call cancel t

G68 16 Coordinate system rotation mode

G69 16 Coordinate system rotation mode cancel t

G73 09 High speed deep hole drilling cycle (peck drilling)

G74 09 Left hand tapping cycle

G76 09 Precision boring cycle

G80 09 Fixed cycle cancel t

G81 09 Drilling cycle

G82 09 Spot drilling cycle

G83 09 Deep hole drilling cycle (peck drilling)

G84 09 Right hand tapping cycle

G85 09 Boring cycle

G86 09 Boring cycle

G87 09 Back boring cycle

G88 09 Boring cycle

G89 09 Boring cycle

G90 03 Absolute input of motion values

G91 03 Incremental input of motion values t

G92 00 Coordinate system setting (tool position register)

G94 05 Feedrate per minute - in/min or mm/min

G95 05 Feedrate per revolution - in/rev or mm/rev

G98 10 Retract motion to the initial level in a fixed cycle t

G99 10 Retract motion to R-level in a fixed cycle

One G-code in a modal group re places an other G-code from the same group

Three-Digit G-codes

Some ma chines and con trol sys tems also pro vide G-codes that have three dig its in stead of the

stan dard two digits, for ex am ple, G102. This is a good in di ca tion that the ma chine man u fac turer

has in cluded some spe cial time-sav ing cy cles (in ter nal mac ros). These are not stan dard codes and

usu ally vary from one ma chine to an other. As you will learn later, a macro can also be called by a

G-code other than the stan dard G65.

BASIC PROGRAM CODES 15

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



M-codes for Milling

The fol low ing ta ble is a fairly com pre hen sive ref er ence list ing of the most typ i cal and com mon

M-codes (mis cel la neous func tions) used for CNC mill ing pro grams (CNC mill ing ma chines and

ma chin ing cen ters). Only a very few M-codes are in dus try stan dard, so check the man ual of your

ma chine for de tails and us age:

M-code Description

M00 Mandatory program stop

M01 Optional program stop

M02 End of program (usually no reset and rewind)

M03 Spindle rotation normal - clockwise

M04 Spindle rotation reverse - counterclockwise

M05 Spindle rotation stop

M06 Automatic tool change (ATC)

M07 Coolant mist ON    (machine option)

M08 Coolant pump motor ON

M09 Coolant pump motor OFF

M19 Programmable spindle orientation

M30 End of program with reset and rewind

M48 Feedrate override cancel OFF - feedrate override switch effective

M49 Feedrate override cancel ON - feedrate override switch ineffective

M60 Automatic pallet change (APC)

M78 B-axis clamp (non-standard)

M79 B-axis unclamp (non-standard)

M98 Subprogram call

M99 Subprogram end or Macro end

G-codes for Turning

The fol low ing ta ble is a fairly com pre hen sive ref er ence list ing of the stan dard and the most

com mon G-codes (pre pa ra tory com mands) used for CNC turn ing (CNC lathes). All de pend ent

G-codes be long to the same group num ber and are modal, un less the Group is 00, which iden ti fies 

all non-modal com mands.

NOTE:  Fanuc of fers an op tion of three G-code types (called A, B and C). The most com mon in 

North Amer ica is the A-type. Type is se lected by a sys tem pa ram e ter. Small dif fer ences be tween

con trol units should be ex pected - check the Fanuc ref er ence man ual for your ap pli ca tion!
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G-code types cannot be mixed !

G-code Type
Group Description

Type A Type B Type C

G00 G00 G00 01 Rapid positioning mode

G01 G01 G01 01 Linear interpolation mode t

G02 G02 G02 01 Circular interpolation mode - clockwise direction

G03 G02 G03 01 Circular interpolation mode - counterclockwise direction

G04 G04 G04 00 Dwell function (programmed as a separate block)

G09 G09 G09 00

G10 G10 G10 00 Data setting mode (programmable data input)

G11 G11 G11 00 Data setting mode cancel

G18 G18 G18 16 ZX plane designation t

G20 G20 G70 06 English units of input

G21 G21 G71 06 Metric units of input

G22 G22 G22 09 Stored stroke check ON t

G23 G23 G23 09 Stored stroke check OFF

G25 G25 G25 08 Spindle speed fluctuation detection ON

G26 G26 G26 08 Spindle speed fluctuation detection OFF t

G27 G27 G27 00 Machine zero return position check

G28 G28 G28 00 Machine zero return - primary reference point

G29 G29 G29 00 Return from machine zero

G30 G30 G30 00 Machine zero return - secondary reference point

G31 G31 G31 00 Skip function

G32 G33 G33 01 Threading function - constant lead thread

G34 G34 G34 01 Threading function - variable lead thread

G35 G35 G35 01 Circular threading CW

G36 G36 G36 01 Circular threading CCW                                     or:

G36 G36 G36 00 Automatic tool compensation for the X-axis

G37 G37 G37 00 Automatic tool compensation for the Z-axis

G40 G40 G40 07 Tool nose radius compensation mode cancel t

G41 G41 G41 07 Tool nose radius compensation mode to the left

G42 G42 G42 07 Tool nose radius compensation mode to the right

G50 G92 G92 00 Coordinate system setting (tool position register) and / or:
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G-code Type
Group Description

Type A Type B Type C

G50 G92 G92 00 Maximum spindle rpm setting for the G96 mode

G52 G52 G52 00 Local coordinate system setting

G53 G53 G53 00 Machine coordinate system setting

G54 G54 G54 14 Work coordinate offset 1

G55 G55 G55 14 Work coordinate offset 2

G56 G56 G56 14 Work coordinate offset 3

G57 G57 G57 14 Work coordinate offset 4

G58 G58 G58 14 Work coordinate offset 5

G59 G59 G59 14 Work coordinate offset 6

G61 G61 G61 15 Exact stop mode

G62 G62 G62 15 Automatic corner override mode

G64 G64 G64 15 Cutting mode t

G65 G65 G65 00 Custom macro call

G66 G66 G66 12 Custom macro modal call

G67 G67 G67 12 Custom macro modal call cancel t

G68 G68 G68 04 Mirror image for double turrets ON

G69 G69 G69 04 Mirror image for double turrets OFF t

G70 G70 G72 00 Profile finishing cycle

G71 G71 G73 00 Profile roughing cycle - turning and boring

G72 G72 G74 00 Profile roughing cycle - facing

G73 G73 G75 00 Pattern repeating cycle

G74 G74 G76 00 Deep hole drilling cycle along the Z-axis

G75 G75 G77 00 Grooving / drilling cycle along the X-axis

G76 G76 G78 00 Multiple thread cutting cycle

G80 G80 G80 10 Fixed cycle for drilling cancel t

G83 G83 G83 10 Cycle for face drilling

G84 G84 G84 10 Cycle for face tapping

G86 G86 G86 10 Cycle for face boring

G87 G87 G87 10 Cycle for side drilling

G88 G88 G88 10 Cycle for side tapping

G89 G89 G89 10 Cycle for side boring

G90 G77 G20 01 Simple diameter cutting cycle

G92 G78 G21 01 Simple thread cutting cycle
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G-code Type
Group Description

Type A Type B Type C

G94 G79 G24 01 Simple face cutting cycle

G96 G96 G96 02 Constant surface speed control - (CSS mode)

G97 G97 G97 02 Constant surface speed control cancel - (rpm mode) t

G98 G94 G94 05 Feedrate per minute - IPM or mm/min

G99 G95 G95 05 Feedrate per revolution - ipr or mm/rev t

- G90 G90 03 Absolute input of motion values

- G91 G91 03 Incremental input of motion values t

Note that some G-codes, for ex am ple G36 or G50 may have dif fer ent mean ing. Check your

ma chine tool man ual for any dis crep an cies in this ref er ence list.

M-codes for Turning

The fol low ing ta ble is a fairly com pre hen sive ref er ence list ing of the most typ i cal and com mon

M-codes (mis cel la neous func tions) used for CNC turn ing (CNC lathes). Only a very few M-codes 

are in dus try stan dard and com mon to all con trols:

M-code Description

M00 Mandatory program stop

M01 Optional program stop

M02 End of program (usually no reset and rewind)

M03 Spindle rotation normal - clockwise

M04 Spindle rotation reverse - counterclockwise

M05 Spindle rotation stop

M07 Coolant mist ON     (machine option)

M08 Coolant pump motor ON

M09 Coolant pump motor ON

M10 Chuck or collet open

M11 Chuck or collet close

M12 Tailstock quill IN   (non-standard)

M13 Tailstock quill OUT   (non-standard)

M17 Turret indexing forward   (non-standard)

M18 Turret indexing reverse   (non-standard)

M19 Programmable spindle orientation     (machine option)
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M-code Description

M21 Tailstock body forward   (non-standard)

M22 Tailstock body reverse   (non-standard)

M23 Gradual pull-off from thread ON

M24 Gradual pull-off from thread OFF

M30 End of program with reset and rewind

M41 Gear range selection - low gear      (if available)

M42 Gear range selection - medium gear 1      (if available)

M43 Gear range selection - medium gear 2      (if available)

M44 Gear range selection - high gear     (if available)

M48 Feedrate override cancel OFF - feedrate override switch effective

M49 Feedrate override cancel ON - feedrate override switch ineffective

M98 Subprogram call

M99 Subprogram end or Macro end

Standard Program Codes

Most G-codes and M-codes used in mac ros are stan dard codes. These are avail able to ev ery

user and when used in mac ros, are usu ally quite por ta ble from one con trol to an other. Un for tu -

nately, there is no es tab lished con ven tion as to what codes are stan dard, and some may vary for

the same con trol used with dif fer ent ma chines. Cau tion is ad vised here:

Al ways check each con trol/ma chine com bi na tion for G-codes and M-codes

Op tional Pro gram Codes

The main rea son for in clud ing sev eral non-stan dard M-codes in the ta bles is that they should

serve as an ex am ple of avail able M-codes. Hope fully, they will help you to find the ac tual func -

tion code for the same ac tiv ity, done on your CNC ma chine. The stan dard pro gram codes are

fairly com mon across dif fer ent Fanuc mod els, but there are well known dif fer ences be tween older 

and newer con trol ver sions.

The fo cus of this hand book is mainly on the higher level of Fanuc con trols, which are more

likely to be used with the cus tom macro fea ture. Lower level con trols (such as Fanuc 0), with a

macro fea ture, will have lim ited fea tures, in clud ing G-codes and M-codes.
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REVIEW OF SUBPROGRAMS

To re view the sub ject of subprograms, you have to un der stand first what a subprogram is, what

it can be used for and what are its ben e fits. Com pre hen sive knowledge of subprograms is essential 

for macro program de vel op ment.

In CNC pro gram ming, a subprogram is very sim i lar in struc ture to a con ven tional pro gram.

What makes it dif fer ent is its con tent. Typ i cally, a subprogram is a sep a rate pro gram con tain ing

only unique re pet i tive tasks, such as a com mon con tour ing toolpath, a hole pat tern or sim i lar ma -

chin ing op er a tions. For ex am ple, the task is to pro gram a cer tain pat tern of holes, in which the

holes have to be spot-drilled, drilled and tapped. In stan dard part pro gram ming, the XY point co -

or di nates for each hole will have to be cal cu lated and re peated for each tool, us ing the ap pro pri ate

fixed cy cle. In a subprogram, the hole lo ca tions can be cal cu lated only once, then stored in a sep a -

rate pro gram (subprogram) and re trieved many times, as needed, for dif fer ent op er a tions us ing

dif fer ent fixed cy cles.

A subprogram is al ways called by an other pro gram (main pro gram or an other subprogram).

Subprogram must only con tain data com mon to all parts or operations

Subprogram Example - Mill

To il lus trate the con cept of subprograms with a prac ti cal ex am ple, a very sim ple pat tern of five

holes is shown in the fol low ing il lus tra tion - Fig ure 2:
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Figure 2

Sample drawing for subprogram
example - mill application
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Five holes have to be ma chined with three tools. With out a subprogram, the pro gram is fairly

long, and all hole lo ca tions will be re peated for each tool. All three ex am ples will fol low the holes

in the same or der, and the first tool is as sumed to be in the spin dle. Pro gram Ex am ple 1 shows the

pro gram with out a subprogram - this is the lon gest ver sion:

O0001
(EXAMPLE 1 OF 3 - MAIN PROGRAM ONLY - PETER SMID)
(PROGRAM ZERO IS AT LOWER LEFT CORNER AND TOP OF PART)
(T01 - 90-DEG SPOT DRILL)
N1 G21
N2 G17 G40 G80
N3 G90 G54 G00 X7.0 Y7.0 S1200 M03 T02  (H1)
N4 G43 Z25.0 H01 M08
N5 G99 G82 R2.5 Z-3.4 P200 F200.0
N6 X39.0                                (H2)
N7 Y45.0 (H3)
N8 X7.0                                 (H4)
N9 X23.0 Y26.0                           (H5)
N10 G80 G00 Z25.0 M09
N11 G28 Z25.0 M05
N12 M01

(T02 - 5 MM TAP DRILL)
N13 T02
N14 M06
N15 G90 G54 G00 X7.0 Y7.0 S950 M03 T03   (H1)
N16 G43 Z25.0 H02 M08
N17 G99 G81 R2.5 Z-10.5 F300.0
N18 X39.0                                (H2)
N19 Y45.0                                (H3)
N20 X7.0                                 (H4)
N21 X23.0 Y26.0                          (H5)
N22 G80 G00 Z25.0 M09
N23 G28 Z25.0 M05
N24 M01

(T03 - M6X1 TAP)
N25 T03
N26 M06
N27 G90 G54 G00 X7.0 Y7.0 S600 M03 T01   (H1)
N28 G43 Z25.0 H03 M08
N29 G99 G84 R5.0 Z-11.0 F600.0
N30 X39.0                                (H2)
N31 Y45.0                                (H3)
N32 X7.0                                 (H4)
N33 X23.0 Y26.0                          (H5)
N34 G80 G00 Z25.0 M09
N35 G28 Z25.0 M05
N36 G28 X23.0 Y26.0
N37 M30
%
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Even if the pro gram length does not mat ter, it is a bad pro gram ming prac tice to re peat com mon

data. The main rea son is a pos si ble draw ing change. For ex am ple, if only one hole lo ca tion is re -

vised on the draw ing, at least three changes will have to be done in the part pro gram. Us ing a

subprogram will not only shorten the pro gram length, but also en ables much more ef fi cient ed it -

ing. Pro gram Ex am ple 2 shows the same ma chin ing pro cess us ing a subprogram call:

O0002
(EXAMPLE 2 OF 3 - MAIN PROGRAM WITH A SUBPROGRAM - PETER SMID)
(PROGRAM ZERO IS AT LOWER LEFT CORNER AND TOP OF PART)
(T01 - 90-DEG SPOT DRILL)
N1 G21
N2 G17 G40 G80
N3 G90 G54 G00 X7.0 Y7.0 S1200 M03 T02
N4 G43 Z25.0 H01 M08
N5 G99 G82 R2.5 Z-3.4 P200 F200.0 L0 (OR K0 ON SOME CONTROLS)
N6 M98 P1001
N7 G80 G00 Z25.0 M09
N8 G28 Z25.0 M05
N9 M01

(T02 - 5 MM TAP DRILL)
N10 T02
N11 M06
N12 G90 G54 G00 X7.0 Y7.0 S950 M03 T03
N13 G43 Z25.0 H02 M08
N14 G99 G81 R2.5 Z-10.5 F300.0 L0 (OR K0 ON SOME CONTROLS)
N15 M98 P1001
N16 G80 G00 Z25.0 M09
N17 G28 Z25.0 M05
N18 M01

(T03 - M6X1 TAP)
N19 T03
N20 M06
N21 G90 G54 G00 X7.0 Y7.0 S600 M03 T01
N22 G43 Z25.0 H03 M08
N23 G99 G84 R5.0 Z-11.0 F600.0 L0 (OR K0 ON SOME CONTROLS)
N24 M98 P1001
N25 G80 G00 Z25.0 M09
N26 G28 Z25.0 M05
N27 G28 X23.0 Y26.0
N28 M30
%

O1001 (5 HOLE LOCATIONS SUBPROGRAM - VERSION 1)
N101 X7.0 Y7.0                             (H1)
N102 X39.0                                 (H2)
N103 Y45.0                                 (H3)
N104 X7.0                                  (H4)
N105 X23.0 Y26.0                           (H5)
N106 M99                                   (SUBPROGRAM END)
%
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Note that the subprogram con tains the hole lo ca tions only (XY co or di nates), and noth ing else.

Also note the L0 or K0 added to the fixed cy cle block for all tools. L0 or K0 is a fixed cy cle pa -

ram e ter, mean ing that the cy cle is not ex e cuted in the cur rent block. The data pro grammed in the

cur rent block are stored in mem ory and will be used when the subprogram is pro cessed. The hole

lo ca tions in the subprogram will use any fixed cy cle data that are ac tive (passed from the main

pro gram, in clud ing the pa ram e ters). The cy cle rep e ti tion ad dress L is used on Fanuc mod els

10/11/12/15 and the ad dress K is used on Fanuc mod els 0/16/18/21.

There might be other ways to struc ture the main pro gram and the subprogram. The clue may of -

ten be found in the main pro gram. Any time you see sev eral con sec u tive blocks that are iden ti cal

ei ther be fore or af ter the subprogram call, you may con sider their in clu sion in the subprogram. In

the shown Ex am ple 2, each time the M98 P1001 is pro grammed (for the three tools), it is al ways

fol lowed by two iden ti cal blocks:

G80 G00 Z25.0 M09
G28 Z25.0 M05

Could these blocks be added to the subprogram? Yes. The pro gram Ex am ple 3 of the com plete

pro gram will be a bit shorter than the pre vi ous ver sion (see res er va tions fol low ing the pro gram):

O0003
(EXAMPLE 3 OF 3 - MAIN PROGRAM WITH A SUBPROGRAM - PETER SMID)
(PROGRAM ZERO IS AT LOWER LEFT CORNER AND TOP OF PART)
(T01 - 90-DEG SPOT DRILL)
N1 G21
N2 G17 G40 G80
N3 G90 G54 G00 X7.0 Y7.0 S1200 M03 T02   (H1)
N4 G43 Z25.0 H01 M08
N5 G99 G82 R2.5 Z-3.4 P200 F200.0 L0 (OR K0 ON SOME CONTROLS)
N6 M98 P1002
N7 M01

(T02 - 5 MM TAP DRILL)
N8 T02
N9 M06
N10 G90 G54 G00 X7.0 Y7.0 S950 M03 T03   (H1)
N11 G43 Z25.0 H02 M08
N12 G99 G81 R2.5 Z-10.5 F300.0 L0 (OR K0 ON SOME CONTROLS)
N13 M98 P1002
N14 M01

(T03 - M6X1 TAP)
N15 T03
N16 M06
N17 G90 G54 G00 X7.0 Y7.0 S600 M03 T01   (H1)
N18 G43 Z25.0 H03 M08
N19 G99 G84 R5.0 Z-11.0 F600.0 L0 (OR K0 ON SOME CONTROLS)
N20 M98 P1002
N21 G28 X23.0 Y26.0
N22 M30
%
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O1002 (5 HOLE LOCATIONS SUBPROGRAM - VERSION 2)
N101 X7.0 Y7.0                             (H1)
N102 X39.0                                 (H2)
N103 Y45.0                                 (H3)
N104 X7.0                                  (H4)
N105 X23.0 Y26.0                           (H5)
N106 G80 G00 Z25.0 M09                     (CANCEL CYCLE AND CLEAR)
N107 G28 Z25.0 M05                         (Z-AXIS HOME RETURN)
N108 M99                                   (SUBPROGRAM END)
%

Do you like the pro gram better than the pre vi ous ver sion? In a strict tech ni cal definition, there

is noth ing wrong with the pro gram - it will work well as is. Yet, there is a prob lem of dif fer ent

kind - the pro gram uses a struc ture that many ex pe ri enced pro gram mers should and will avoid.

Al though the pro gram it self is somewhat shorter, it is also much harder to interpret. Look at the

rea sons. When the subprogram is com pleted, the pro cess ing re turns to the main pro gram. Study

the main pro gram and you will see that it is im pos si ble to tell whether the fixed cy cle had been

can celed or not. Also dif fi cult is to see what other data may have been passed to the main pro gram 

from the subprogram. You have look deep into the subprogram to find out these im por tant de tails, 

which may be many printed pages away from the main pro gram. In con clu sion, while the shown

Ex am ple 3 is cor rect, it is def i nitely not rec om mended to be used, be cause of its poor struc ture.

Rules of Subprograms

From the last two ex am ples for the five holes, you can see how a subprogram is de fined, how it

is ended and how it is called from an other program. In a sum mary, there are two mis cel la neous

func tions as so ci ated with subprograms:

M98 Subprogram call (followed by the subprogram number)

M99 Subprogram end

The M98 func tion must al ways be fol lowed by the subprogram num ber, for ex am ple,

M98 P1001

The subprogram must be stored in the con trol sys tem un der the as signed num ber, for ex am ple,

as O1001. The mis cel la neous func tion M99 is usu ally pro grammed as a sep a rate block - and also

as the last block in the subprogram. This func tion will cause the trans fer of the pro cess ing from

the subprogram back to the pro gram it orig i nated from. That may be the main pro gram or an other

subprogram.

The end of re cord sym bol (the % sign) fol lows the M99 func tion, the same way it fol lows the

M30 func tion in the main pro gram. The % sym bol rep re sents a flag to stop trans mis sion of the pro -

gram, typ i cally in DNC mode. When the pro cess ing re turns to the pro gram of or i gin, it will al -

ways be to the block im me di ately fol low ing the pro gram call. For in stance, look at the ear lier

Ex am ple 2:
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N6 M98 P1001
N7 G80 G00 Z25.0 M09

When the subprogram O1001 is com pleted, the pro gram pro cess ing re turns to the block N7 of

the main pro gram (which is the pro gram of or i gin in the ex am ple).

There are times when the pro gram pro cess ing has to re turn to a block other than the one im me -

di ately fol low ing the subprogram call. This is not a com mon oc cur rence and is used for spe cial

pur poses only. In such a case, the M99 will have a P-ad dress, in di cat ing which block num ber to

re turn to in the pro gram of or i gin. Note that the P-ad dress in this case has a to tally dif fer ent mean -

ing than the P-ad dress in the M98 func tion. For ex am ple, a subprogram O1003 has the fol low ing

end block:

N108 …
N109 M99 P47
%

In the main pro gram, the subprogram call may look some thing like this:

N43 …
N44 M98 P1003
N45 …
N46 …
N47 …            (THE BLOCK TO RETURN TO FROM THE SUBPROGRAM)
...

The nor mal block to re turn to would be N45. How ever, be cause of the P-ad dress in cluded with

the M99 func tion, the pro cess ing will re turn to the block N47, skip ping two blocks. One area of

pro gram ming where this tech nique has a good ap pli ca tion is bar feed ing on a CNC lathe.

 Fig ure 3 be low, shows a typ i cal subprogram ap pli ca tion (in a struc tured form), with pro cess ing 

re turning to the next block of the call ing pro gram:
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O----
(MAIN PROGRAM)
...
...
...
...
...
M98 P----
...
...
...
...
...
...
M30

O----
(SUBPROGRAM)
...
...
...
...
...
...

...

...
M99

...

%

%

Figure 3

Typical program flow - a subprogram
called by the main program - this is
the most common application of
subprograms in CNC programming
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Subprogram Repetition

It is not un usual - in fact, it is quite com mon - to call a par tic u lar subprogram more than once

from the same pro gram of or i gin. Nor mally, when a subprogram is called, it is au to mat i cally pro -

cessed (ex e cuted) only once. That is the most com mon de fault con di tion, when no other in struc -

tion has been is sued. If the subprogram has to be re peated more than once, ei ther a spe cial ad dress 

L or K has to be added or the num ber of rep e ti tions has to be in cluded in the subprogram call. The

choice de pends on the con trol sys tem. Look at this ex am ple, where a subprogram stored as O4321 

has to be re peated three times:

Method 1 M98 P4321 L3 ... uses the address L - common to 6/10/11/12/15 controls

Method 2 M98 P4321 K3 ... uses the address K - common to 0/16/18/21 controls

Method 3 M98 P0034321 ... uses the combined structure in the same block

These three meth ods have the same re sult - the subprogram O4321 will be re peated three times.

What are the dif fer ences? There is a sim ple an swer - the con trol sys tems used. The ad dress L or K 

spec ify the num ber of rep e ti tions di rectly and sep a rately from the subprogram num ber call - those

are the first two ex am ples. The third ex am ple uses a com bined struc ture - the first three dig its

iden tify the num ber of subprogram rep e ti tions (003), and the last four dig its iden tify the

subprogram num ber be ing called (4321). Check the con trol sys tem user man ual to find which

method is sup ported for your con trol unit. If the num ber of rep e ti tions is not spec i fied, the sys tem

will pro cess the called subprogram only once.

Subprogram Nesting

The most com mon ap pli ca tion of a subprogram is to call it only once and pro cess it only once.

Af ter that, the pro gram of or i gin (usu ally the main pro gram) con tin ues nor mally. Al though sev -

eral subprogram calls can be made from the main pro gram, once the subprogram is com pleted,

the pro cess ing con tin ues in the main pro gram. This is called a sin gle level nest ing, and is also the

most com mon ap pli ca tion of subprograms.

Fanuc con trols al low for up to four lev els of subprogram nest ing (also called four lev els fold).

Nest ing means that one subprogram may call an other subprogram, which may call still an other

subprogram, up to four lev els deep. As the num ber of call ing lev els in crease, the pro gram ming

be comes in creas ingly more com plex as well and can be quite dif fi cult to de velop. It is very un -

usual to pro gram more than two lev els deep nest ing. In all cases, there is one im por tant rule in

pro gram ming to observe:

In a nested program environment, a subprogram
will always return to the program it originated from
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The pro gram of or i gin may be the main pro gram or an other subprogram. All four il lus tra tions

that follow show a graph i cal pro gram flow for the four lev els of subprogram nest ing:

The il lus tra tion in Fig ure 4 shows a gen eral sche matic rep re sen ta tion of the pre vi ous ex am ple -

a sin gle level of a subprogram nest ing. This is the most com mon ap pli ca tion of subprograms.

More com plex (multi-level) subprogram nest ing brings an ex tra power to the CNC pro gram -

ming process, but at the price of more time re quired for de vel op ment, as well as some clar ity and

con ve nience built into the program. That is not to say the multi-level subprogram nest ing should

be dis cour aged or even avoided al to gether. It sim ply means that al though you may develop a very

so phis ti cated pro gram flow, but you may also be the only one who un der stands it.

Subprograms that use the three or four-level nest ing are very rare in practice. By care ful plan -

ning, the de sign of a con trol sys tem must al ways be a step ahead of the de sign of ma chine tools.

For ex am ple, a 250 000 rev/min spin dle speed may not be avail able on ma chine tools at this time,

but the con trol sys tem can still sup port it, in case a par tic u lar man u fac turer co mes for ward with

ex actly that kind of a spin dle. Four-level nest ing has been de signed for the same rea son. The three 

lev els of subprogram nest ing are il lus trated as sche matic graphics (Fig ures 5 to 7):
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Two-level subprogram
nesting
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Subprogram Documentation 

Any com plex part pro gram (subprograms and mac ros in cluded) should al ways be well doc u -

mented. Doc u ment ing CNC pro grams has been largely ig nored by many us ers, of ten be cause of

the per ceived need to do a job fast. Al though some what for giv able for sim ple and easy pro grams,

the prac tice of not doc u ment ing pro grams is def i nitely not ac cept able for subprograms and is also

not ac cept able for mac ros. Good pro gram doc u men ta tion is the key part of any CNC pro gram de -

vel op ment. Look at the sche matic drawings of the four lev els of subprogram nest ing and you will

see how com plex the pro gram can be come with each in creas ing level of nesting. A good doc u -

men ta tion will help the user in ori en ta tion and pro gram 'de cod ing', there fore be comes a man da -

tory part of the pro gram ming pro cess.

For both, the subprograms and mac ros, the pro gram doc u men ta tion should be in ter nal as much

as pos si ble. This can be achieved by in clud ing im por tant com ments in the pro gram body (main

pro gram, subprogram, or a macro). Pro gram com ments are typ i cally en closed in pa ren the ses, for

ex am ple, as (DRILLING HOLE NUMBER 5). Pro vide only those com ments that are rel e vant.  
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Subprograms vs. Macros

One main pur pose of this hand book is to em pha size the cus tom macro op tion of Fanuc con trols.

Since the pro gram de vel op ment of subprograms is crit i cal as the ba sic knowl edge for macro de -

vel op ment, this chap ter has so far re viewed the ba sic con cepts of subprograms, their struc ture and 

their ap pli ca tions in a typ i cal CNC pro gram.

In the terms of pur pose, cus tom mac ros are di rect ex ten sions of subprograms or sim i lar sub rou -

tines. They are treated vir tu ally the same way as subprograms - they are nor mally stored un der a

sep a rate pro gram num ber (O----  or  O-----), and they al ways end the same way, us ing the

M99 func tion. Mac ros are called in a sim i lar way, us ing the G65 pre pa ra tory com mand, along

with the spec i fied pa ram e ters.

A typ i cal CNC pro gram can mix both, the con ven tional method of pro gram ming (with or with -

out subprograms) and mac ros - or use at least some macro fea tures. Of course, the con trol sys tem

must sup port the macro op tion.

The ma jor dif fer ence be tween the two unique pro gram ming meth ods is the flex i bil ity mac ros

of fer. Un like subprograms, mac ros can be used with vari able data (us ing the so called vari ables),

they can per form many math e mat i cal op er a tions and they can store cur rent val ues of var i ous ma -

chine set tings (cur rent machine sta tus). A very im por tant part of mac ros is their abil ity to use con -

di tional test ing, branch ing and loop ing for a very flex i ble pro gram flow. The use of loop ing

fea tures alone, so called it er a tion, adds much de sired ex tra pro gram ming power. Over all, these

are the three items that are the most sig nif i cant in pro gram ming mac ros:

o Variable data input

o Mathematical functions and calculations

o Storage and retrieval of current machine values

Unique Features

Macros have their own unique fea tures, not found in nor mal subprograms or, for that mat ter, in 

any other con ven tional method of part pro gram ming.

Typ i cal fea tures that are clas si fied as unique to mac ros are mostly re lated to flex i bil ity:

o Program data can be changed

o Program flow can be altered

o Data can be passed from one program to another

o Repetitions can be looped

o Measurement (probing) can be incorporated

o Special equipment can be fully controlled

These are only some items that dis tin guish the ma jor dif fer ences be tween subprograms and cus -

tom mac ros. Do not think of mac ros just as a better re place ment for subprograms. There are many 

uses of mac ros that can not be com pared with any thing sim i lar to subprograms. The main - and

most unique - fea tures of typ i cal mac ros are their flex i bil ity and ease of use, once you mas ter the

ba sic is sues as so ci ated with macro de vel op ment.
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Un like subprograms, mac ros in clude many spe cial func tions that can be found on a typ i cal sci -

en tific cal cu la tor (TAN, COS, SIN, SQRT, etc.). Not only sim ple or more com plex al ge braic

func tions can be used, mac ros can also be ap plied for trig o no met ric cal cu la tions, square roots,

pow ers of a num ber x2 or x3, in verse func tions, nested pa ren the ses, round ing val ues, us ing many

other fea tures (just like the cal cu la tor func tions). Spe cific con stants, such as the pi func tion (p =

3.141592654...), are not avail able, but can be de fined. Cal cu lated val ues can be stored into a

mem ory reg is ter and used in the cur rent pro gram, or any other pro gram.

There is no doubt that mac ros can elevate CNC pro gram ming to the lev els never be fore pos si ble 

with only main pro grams or subprograms alone. Knowledge of subprograms, how they work,

how they are struc tured and how they in ter act with main pro gram, is the key knowl edge re quired

for any pro gram mer try ing to un ravel the mys tery of cus tom mac ros.

CNC Lathe Ap pli ca tions

Mac ros are use ful for any type of a ma chine tool. Al though ma chin ing cen ters (used so far as il -

lus tra tive ex am ples) have be come the most likely sources of macro pro grams, that does not mean

other ma chine tools are ex cluded. The one ma chine tool that is widely used in ev ery day pro duc -

tion, the one ma chine tool that will ben e fit from cus tom mac ros is - the CNC lathe.

In Fig ure 8 shows a draw ing of a lathe part with three iden ti cal grooves.

Groove de tail shows a 4x3x0.5 mm groove. Al though all three grooves are lo cated at the same

di am e ter, it is quite likely that this groove - or any stan dard groove - can still have the same over -

all di men sions but be placed at dif fer ent di am e ters. Whether de vel op ing a subprogram or a macro, 

this is a very im por tant con sid er ation. While grooves that do not change di am e ters can be pro -

grammed in ab so lute mode along the X-axis and in cre men tal mode along the Z-axis, grooves that

will be at var i ous di am e ters have to be pro grammed incrementally along both axes.
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Subprogram De vel op ment

The ba sic ap proach for de vel op ing a macro is the same as for de vel op ing a subprogram. In this

case, a 3 mm wide groov ing tool will be se lected (only the groov ing op er a tions are shown), fol -

low ing this ma chin ing pro ce dure:

1. In the main pro gram, the tool will move to the left side of the groove wall
and 0.5 mm above the part di am e ter (= initial position for each groove)

2. In the subprogram, the tool shifts 0.5 mm to the right (middle of the groove),
plunges to the depth but leaves 0.1 mm stock at the bot tom

3. Tool re tracts 0.5 mm above the part di am e ter, shifts to the start of the left cham fer,
cuts it, then it cuts the left groove wall - still leav ing 0.1 mm stock at the bot tom

4. Tool re tracts to the start  po si tion, shifts to the start of the right cham fer, cuts it,
then it cuts the right groove wall to the full depth and sweeps the bot tom to wards
the left groove wall

5. Tool re tracts above the di am e ter to the initial po si tion - subprogram ends

The main pro gram and the subprogram are listed with comments:

(MAIN PROGRAM)
N1 G21 T0100    <... facing and turning ...>
...
N14 T0500
N15 G96 S120 M03

N16 G00 X81.0 Z-13.0 T0505 M08 Start for Groove 1 - initial position

N17 M98 P8001 Cut Groove 1

N18 G00 Z-21.0 M98 P8001 Start for Groove 2 + cut Groove 2

N19 G00 Z-29.0 M98 P8001 Start for Groove 3 + cut Groove 3

N20 G00 X150.0 Z100.0 T0500 M09
N21 M30
%
O8001 (4 X 3 X 0.5 GROOVE SUBPROGRAM - 3 MM WIDE GROOVING TOOL)

N101 G00 W0.5 Shift to the middle of the groove

N102 G01 U-6.8 F0.125 Feed-in - leave 0.1 at the bottom

N103 G00 U6.8 Rapid out to the start position

N104 W-1.5 Shift to the start of the left chamfer

N105 G01 U-2.0 W1.0 F0.08 Cut the left chamfer

N106 U-4.8 F0.1 Feed in along the left wall - leave 0.1 at the bottom

N107 U6.8 W0.5 F0.25 Rapid feed to the start position

N108 G00 W1.5 Shift to the start of the right chamfer

N109 G01 U-2.0 W-1.0 F0.08 Cut the right chamfer

N110 U-5.0 F0.1 Feed in along the right wall to full depth

N111 W-1.0 F0.08 Sweep the bottom to the left wall

N112 U7.0 W0.5 F0.25 Rapid feed to the start position

N113 G00 W-0.5 Shift back to the initial position

N114 M99 End of subprogram
%

The in cluded com ments should be suf fi cient to un der stand the subprogram de sign.

32 Chapter 3

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



SYSTEM PARAMETERS

The ma chine re lated in for ma tion that es tab lishes the con nec tion be tween the CNC sys tem and

the ma chine tool, is stored as spe cial data in in ter nal con trol sys tem reg is ters, called the sys tem

pa ram e ters, or con trol pa ram e ters, or just CNC pa ram e ters. As an Eng lish word, its mean ing is

ori ented to wards math e mat ics, and is de fined in a rather fancy sen tence - ‘A pa ram e ter is a quan -

tity which may have var i ous val ues, each fixed within the lim its of a stated case’. The sentence

shows that the dic tio nary def i ni tion is right on for the pur pose of de fin ing pa ram e ters for a CNC

sys tem. Do not con fuse pa ram e ters of the con trol sys tem with the method of pro gram ming called

para met ric pro gram ming - ex cept lin guis ti cally, they are not re lated. If you are a part pro gram -

mer with lim ited ex pe ri ence, you should not be con cerned about sys tem pa ram e ters too much.

Their orig i nal fac tory set tings are gen er ally quite suf fi cient for most work.

For spe cial ized work like macro de vel op ment, with all its re lated ac tiv i ties, such as prob ing and 

gauging, au to matic off set changes, spe cial meth ods of in put and out put, etc., a good in-depth

knowl edge of the sys tem pa ram e ters is ex tremely im por tant. There are hun dreds of pa ram e ters

avail able for any con trol sys tem, and the ma jor ity of them you will never use.

Pa ram e ters are crit i cal to the CNC ma chine op er a tion - be care ful when work ing with them !

What are Parameters ?

When the ma chine tool man u fac tur ers de sign a CNC ma chine, they have to con nect it with the

CNC sys tem, mostly de signed by a dif fer ent man u fac turer. For ex am ple, a Makino™ CNC ma -

chin ing cen ter should be con nected with a Fanuc CNC sys tem - two in de pend ent man u fac tur ers of 

two different products are in volved in the process. The pro cess of con nec tion and con fig u ra tion is

of ten known as in ter fac ing. The con trol sys tem of Fanuc units has been de signed with great in ter -

nal flex i bil ity and many pa ram e ters have to be set be fore the CNC ma chine tool is op er a tional.

Normally, it is the ma chine tool man u fac turer (of ten called the ven dor) who sup plies the end user

with all set tings - the in ter fac ing - a typ i cal user sel dom makes any changes. Even when a sys tem

pa ram e ter is changed by the pro gram (stan dard or macro), the change is of ten only a tem po rary

one, de signed for a par tic u lar pur pose. When the pur pose is achieved, the pro gram (or macro)

nor mally re sets the pa ram e ter to its orig i nal con tents. Pa ram e ters are of ten changed in ten tion ally,

in or der to op ti mize the performance of the ma chine tool.

The ma jor ity of con trol pa ram e ters re late to the spe cif ics of a par tic u lar CNC ma chine tool,

known to the ma chine tool man u fac turer or ven dor as var i ous de faults. They in clude such items as 

all ma chine tool spec i fi ca tions, func tions and char ac ter is tics that are in the ex clu sive do main of

the man u fac turer. Typ i cal ex am ples in clude rapid tra verse rate, spin dle speed ranges, length of

axis mo tions, rapid or cut ting feedrate ranges, clear ances, var i ous tim ers, data trans fer baud

rates, and many oth ers. These pa ram e ters do not change and any at tempt to make any changes

sev er ally en dan gers smooth ma chine op er a tion.
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The set tings, col lec tively known as pa ram e ters, are means of match ing the con trol sys tem with

the unique fea tures of the par tic u lar CNC ma chine tool. That way, a sin gle con trol sys tem may be

used with many CNC ma chine tools, from dif fer ent ma chine tool man u fac tur ers, in many shops,

and each with a set ting unique to the par tic u lar ma chine.

Many CNC us ers are not fa mil iar with the func tion of pa ram e ters at all and only a hand ful know 

how the pa ram e ters can be used to an op ti mum per for mance of a CNC ma chine. The rea son is that 

when a com pany pur chases a CNC ma chine, ev ery thing is set to work prop erly and with out ad di -

tional set tings or changes. These fac tory set tings work well for the ma jor ity of us ers and there is a

lit tle need to make any changes.

For mac ros - or for any se ri ous CNC work - the programmer should be thor oughly fa mil iar

with the way sys tem pa ram e ters work. Even if ma jor changes to the de fault set tings are planned,

the knowl edge of ‘how-to-do-it’ can be very use ful.

Saving Parameters

There is a sim ple rule that should be fol lowed by any CNC pro gram mer and operator. The rule

is so sim ple and so much a com mon sense, that it is sur pris ing how of ten it is not fol lowed. This

rule rec om mends that all sys tem pa ram e ters should be backed up. The same rule that ap plies to

any com puter data and is fairly well fol lowed in an of fice en vi ron ment, is mostly ig nored in ma -

chine shops. There are sev eral rea sons for the backup, but two of them are the most im por tant.

The first rea son is that all cur rent set tings of the pa ram e ters need power (en ergy) to be re tained

in the mem ory of the CNC sys tem. The en ergy is sup plied through the main power, when ever the

ma chine tool is op er a tional. When the main power is turned off, a built-in bat tery power takes

over. Each con trol has a bat tery backup that pro vides power to the im por tant set tings, even when

the main power is not sup plied. How ever, bat tery power is not per ma nent - bat ter ies do lose

power and with loss of power, data is lost as well.

Num ber two rea son is cus tom ized set tings. It may be fairly easy to re place lost pa ram e ters that

had been sup plied by the ma chine tool man u fac turer. Ei ther the man u fac turer had pro vided the

cus tomer a copy or keeps a copy on file. It could also be the ma chine tool dealer that keeps a

backup (no guar an tees, of course). These back ups may help to re store stan dard pa ram e ters. What

about the pa ram e ters that have been mod i fied by the user, or dur ing a ser vice, or even through

some cus tom ized pro gram? These pa ram e ters are strictly in the do main of the user and with out a

backup strategy, they are ir re place able.

Backing Up Parameters

Con trol sys tem pa ram e ters can be backed-up (saved ex ter nally) by sev eral means. The most

pop u lar is to save the pa ram e ters as a disk file, us ing the DNC fea tures of the con trol sys tem. This

op er a tion re quires a com puter (lap top is ideal)), with the proper com mu ni ca tion soft ware in stalled 

and con fig ured. Saved pa ram e ters should also be printed as a hard copy, in case some thing hap -

pens to the disk it self. If you can not save pa ram e ters in an ef fi cient way, like the DNC method,

use the old-fashioned pen cil and pa per and write them down. There may be quite a few of them, it

may take time, but the ef fort may be well worth it in case of emer gency.
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Parameter Identification

De fault parameters are sup plied by the ma chine tool man u fac turer or ven dor and they are stored 

in the con trol sys tem in a very or derly way - they are num bered and sep a rated into spe cial groups.

Numbering of Parameters

Pa ram e ters are typ i cally num bered as four-digit in te gers within the 0000 to 9999 range. Since

there are sev eral mod els of Fanuc con trols avail able, you should be aware that dif fer ent con trol

mod els of ten use dif fer ent pa ram e ter num bers, even for the same type of set ting. In ad di tion, there 

are pa ram e ters hav ing one mean ing for a mill ing sys tem and a dif fer ent mean ing for a turn ing sys -

tem. Com pound these dif fer ences with a num ber of dif fer ent op tions avail able on each con trol,

and you have a vast maze to ex plore. This can be con fus ing to any body, in clud ing ex pe ri enced

ser vice tech ni cians.  

Ev ery CNC ma chine has lit er ally sev eral hun dreds spec i fi ca tions that have to be set by the sys -

tem pa ram e ters. How ever, for the pur poses of the end user (the ac tual user of the CNC ma chine

tool), the pa ram e ters be long to only two gen eral groups:

u Parameters that cannot be changed by the end user    (machine oriented)

u Parameters that can be changed by the end user          (program oriented)

As a rule, any sys tem pa ram e ter that is ma chine spe cific, should never be changed by the end

user. On the other hand, many pa ram e ters re lat ing to the CNC pro gram (or some op er a tional

func tions) may be changed by the end user, usu ally for the pur pose of com pat i bil ity with other

ma chine tools in the man u fac tur ing en vi ron ment or to main tain a con sis tent pro gram ming struc -

ture. Typ i cal set tings may in clude con fig u ra tions of var i ous ma chin ing cy cles, in put and out put

set tings (I/O), var i ous off sets and com pen sa tions, tool ing data, cut ting data, and many oth ers.

Parameter Classification

Num bering the sys tem pa ram e ters makes sense for the pro gram ming pur poses, but the sheer

num ber of pa ram e ters avail able to the user (CNC pro gram mers are in cluded here) makes it dif fi -

cult to find a par tic u lar pa ram e ter quickly and efficiently. Just try to mem o rize a few dozen of par -

tic u lar four digit num bers.

Fanuc has been well aware of the po ten tial prob lem and or ga nized the pa ram e ters into about

two and half dozen log i cal groups, based on the gen eral pur pose of the pa ram e ters. To il lus trate

what ar eas of the ma chine tool op er a tion the CNC sys tem pa ram e ters cover, the list on the next

page is an item ized col lec tion of pa ram e ter clas si fi ca tion, by the groups, for a typ i cal Fanuc con -

trol sys tem. As a CNC pro gram mer, you should be fa mil iar with all of them, al though most of

them will be mean ing ful only to the ser vice tech ni cians.

In the Fanuc ref er ence man ual (typ i cally called the Pa ram e ter Man ual), each group has an as -

signed range of pa ram e ter num bers with de tailed de scrip tions.
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Parameters Grouping

The fol low ing groups are con trolled by Fanuc. Do not ex pect all of them on all con trols and do

not ex pect them to be per ma nent. Con trol sys tems do de velop, there fore they do change. Al -

though the list is gen er ally ac cu rate, al ways con sult the man ual for your ma chine tool and the con -

trol sys tem to get the pa ram e ter groups for a par tic u lar ma chine tool (changes hap pen con stantly). 

Parameter Relation Group 10/11/12  15 16/18/21

Parameters for Setting 0000- 0000-0032 0000-
Parameters for Axis Control Data 1000- 1000-1058 1000-
Parameters for Chopping      1191-1197
Parameters for Coordinate System 1220- 1200-1260 1200-
Parameters for Feedrate 1400- 1400-1494 1400-
Parameters for Accel./Decel. Control 1600- 1600-1631 1600-
Parameters for Servo 1800- 1800-1980 1800-
Parameters for DI/DO 2000- 2000-2049 3000-
Parameters for MDI, EDIT, and CRT 2200- 2200-2388 3100-
Parameters for Programs 2400- 2400-2900 3400-
Parameters for Serial Spindle Output 3000-3303
Parameters for Graphic Display 4821-4833 6500-
Parameters for I/O interface 5001- 5000-5162 0100-
Parameters for Stroke Limit 5200- 5200-5248 1300-
Parameters for Pitch Error Comp. 5420- 5420-5425 3600-
Parameters for Inclination Comp. 5461-5474 8200-
Parameters for Straightness Comp. 5481-5574
Parameters for Spindle Control 5600- 5600-5820 3700-
Parameters for Tool Offset 6000- 6000-6024 5000-
Parameters for Canned Cycle 6200- 6200-6240 5100-
Parameters for Rigid Tapping 5200-
Parameters for Scaling & Coord. Rotation 6400- 6400-6421 5400-
Parameters for Automatic Corner Override 6820- 6610-6614 5480-
Parameters for Involute Interpolation 6620-6634 5610-
Parameters for Uni-directional Positioning 7000- 6820 5440-
Parameters for Polar Coord. Interpolation 5460-
Parameters for Indexing Index Table 5500-
Parameters for Custom (User) Macro 7200- 7000-7089 6000-
Parameters for External Data Input 6300-
Parameters for Oper. Time & Number of Parts 6700-
Parameters for Program Restart 7110 7300-
Parameters for High-Speed Skip Signal Input 7200-7214 6200-
Parameters for Automatic Tool Comp. 7300- 7300-7333 6240-
Parameters for Tool Life Management 7400-7442 6800-
Parameters for Position Switch Functions 6900-
Parameters for Turret Axis Control 7500-7557
Parameters for High Speed Machining 7500-
Parameters for Axis Control by PMC 8001-
Parameters for Service 8000- 8000-8010
Other parameters 7600-7794

As the list shows, many of the sys tem pa ram e ter groups have noth ing to do with CNC pro gram -

ming di rectly and are listed only as a mat ter of in ter est only, or for the elec tri cal or elec tronic spe -

cial ists, as well as ser vice tech ni cians. To the CNC pro gram mer, the list should serve as a source

of ref er ence. Do not con fuse pa ram e ter num bers with sys tem vari ables!
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Parameter Display Screen

A brief look at a typ i cal dis play of pa ram e ter screen on a CNC unit (us ing the SYSTEM/PARAM

menus of the key board), many dis play screen pages will be avail able. The screen pages can be

quickly scrolled through, for ward or back ward. A par tic u lar pa ram e ter can be called by its num -

ber (see Pa ram e ter Man ual), in or der to speed up the search. The screen cur sor (dis play in di ca -

tor) will be po si tioned at the pa ram e ter num ber and the pa ram e ter data will be dis played in re verse 

col ors (high lighted). For the pur pose of this hand book, the ac tual pro ce dures of the keyboarding

is not im por tant - the con trol sys tem man ual de scribes all nec es sary steps.

Parameter Data Types

The clas si fi ca tion of pa ram e ters in the brief sec tion listed on the pre vi ous page has only shown

the de scrip tion of the pa ram e ters by func tion. In a con trol sys tem, the ac tual pa ram e ter val ues are

en tered for each pa ram e ter num ber, as needed. De pending on the in di vid ual pa ram e ter ap pli ca -

tion, the pa ram e ters are also clas si fied by their data type. Each data type group uses a dif fer ent

range of valid parameter data en try.

On all Fanuc con trols, there are four data type groups avail able. They are listed here with ap -

pro pri ate data ranges for each group:

Parameter Data Type Available Data Range

Bit  or  Bit axis 0  or  1

Byte  or  Byte axis 0  to  ± 127  (byte)   or   0  to  255  (byte axis)

Word  or  Word axis 0  to  ± 32767

Two-word  or  Two-word axis 0  to  ± 99999999

Bit-Type Data Type

Bits and bytes are com mon com puter terms and should not be con fused with each other. A bit is

the small est unit of a pa ram e ter in put. Only two in put val ues are al lowed - the digit zero (0) and

the digit one (1). The word bit is an ab bre vi a tion, de rived from the full ver sion of the words bi -

nary digit, as in binary digit. The Eng lish word bi nary has its or i gin in the Latin word binarius,

mean ing some thing con sist ing of two parts. Based on this def i ni tion, the two pos si ble in put val ues

0 and 1 rep re sent a cer tain op tion, se lected from no more than two con di tions. Such a con di tion

can be ei ther true or false. True or False con di tions can also be in ter preted as Yes and No, On or

Off, Done or Not Done, and so on. In the bit type en try, the se lec tion rep re sents one of only two

pos si ble al ter na tives.

A byte (de scribed later) is a se quence of sev eral ad ja cent bits (typ i cally eight), that rep re sents

one alphanumerical char ac ter of data that is pro cessed as a sin gle unit of instruction.
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Each bit type sys tem pa ram e ter can be set with in put val ues for up to eight reg is ters (also known 

as lo ca tions). Be care ful and watch the bit type pa ram e ters - a sin gle data num ber is as signed eight 

(8) bits (i.e., an eight-bit bi nary pa ram e ter). Each bit has a dif fer ent mean ing, so ex er cise care

when chang ing only a sin gle bit but not any other stored un der the same pa ram e ter num ber. The

saf est way is to write down the orig i nal set tings, make the re quired change, then com pare the two.

The bit pa ram e ter en try (in all com puter applications) has its own stan dard no ta tion, in the way

it ap pears on the dis play screen - note the num ber ing method for CNC units:

 Parameter Number 

#7 #6 #5 #4 #3 #2 #1 #0

There are three items of im por tance here - first item is the pa ram e ter num ber (graph i cally

shown at the top), on the dis play screen usu ally shown to the left of the data (on the same line of

dis play. de pend ing on the con trol sys tem). The sec ond item is the num ber ing of the bit reg is ters -

it starts from zero to seven, not from one to eight. This is a stan dard com puter method - com put ers 

start count ing from 0, not from 1. The third item of im por tance is that the bit reg is ters #0 to #7

are shown in re verse or der, #7 be ing the first (left-most), and #0 be ing the last en try (right-most), 

when read from left to right. These three items are very im por tant in hu man com mu ni ca tions. For

ex am ple, if the ser vice tech ni cian sug gests that you change the bit #2 of a par tic u lar pa ram e ter to

such and such set ting, you have to know ex actly which reg is ter lo ca tion it is - you have to speak

the same lan guage as the tech ni cian! This hap pens quite of ten when the con ver sa tion takes place

on the phone, via fax, e-mail, or via sim i lar means.

For ex am ple, the pa ram e ter #0000 for Fanuc 16/18/21 con trol sys tems uses only four of the

avail able eight pa ram e ter reg is ters (bits):

 #0000 

SEQ INI ISO TVC

0 0 0 0 1 0 1 0

If there is no head ing, it means the bit is un as signed - it has no value, it does not ex ist. In the ex -

am ple, there are also four un as signed bits. If the bit is as signed, the two-line rep re sen ta tion on the

dis play screen of the con trol sys tem shows ab bre vi ated de scrip tion of each rel e vant pa ram e ter (as

a bit name). These de scrip tions are of ten hard to de code just by reading them, but they are well

de scribed and with good de tail in the Fanuc man ual that con tains pa ram e ter de scrip tions and usage 

(Pa ram e ter Man ual).

In the ex am ple above (pa ram e ter #0000), the four listed bit names rep re sent set tings for four

dif fer ent (and independent) bit-type pa ram e ters, re lated to set tings:

SEQ Automatic insertion of sequence numbers
 0: Not performed
 1: Performed
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INI Unit of input
 0: Metric (millimeters)
 1: Inches (inches)

ISO Code used for data output
 0: EIA code
 1: ISO code

TVC TV check
 0: Not performed
 1: Performed

Based on the ex am ple entries of the pa ram e ter #0000, the shown bit set tings for the illustrated

con trol sys tem are:

SEQ =  0     ... Automatic insertion of sequence numbers is not performed
INI =  0     ... Unit of input is metric - mm
ISO =  1     ... ISO code is used for output
TVC =  0     ... TV check is not performed

 Since only four reg is ters - out of eight pos si ble ones - are used (in Fanuc 16/18/21 con trols) for 

the pa ram e ter set ting of #0000, the re main ing four reg is ters are ir rel e vant, or to use a proper

com puter de scrip tion, they are un as signed.

For com par i son, the Fanuc 15 con trol sys tem also uses pa ram e ter #0000 for set tings, but with

a to tally dif fer ent con tent (mean ing of bits):

#0000

DNC EIA NCR ISP CTV TVC

 #7        #6       #5        #4       #3        #2        #1       #0

The pa ram e ter #0000 shows the con tents for the Fanuc 15 con trol sys tem:

DNC DNC operation with the remote buffer
 0: High speed distribution (HSD) enabled, if the HSD enable conditions are satisfied
 1: Not a high speed distribution but a normal distribution can be always performed

EIA Punch code is
 0: ISO code
 1: EIA code

NCR In ISO code, the endo of block (EOB) code is punched as
 0: LF CR CR              (LF = Line Feed, CR - Carriage Return)
 1: LF

ISP Specifies whether the ISO code contains a parity bit
 0: ISO code with a parity bit
 1: ISO code without a parity bit
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CTV Specifies whether counting of characters for TV check is performed
during control-out

 0: Check is performed
 1: Check is not performed

TVC Specifies whether TV check is performed
 0: TV check is not performed
 1: TV check is performed

These de scrip tions of in di vid ual bits are taken di rectly from the Fanuc Pa ram e ter Man ual.

There is a very good chance that you may not un der stand some (or all) of the terms or func tions in 

the de scrip tions. That is quite nor mal for a typ i cal pro gram mer or op er a tor - only qual i fied ser -

vice tech ni cians should un der stand the many in tri ca cies. It also leads to two im por tant rules:

Al ways make sure you fully un der stand the ex act mean ing of  each pa ram e ter

Do not change any pa ram e ter un less you know how it works

Relationship of Parameters

There are many cases when the set ting of one sys tem pa ram e ter is di rectly re lated to the set ting

of an other sys tem pa ram e ter. In such cases, there are two or more ad just ments to dif fer ent pa ram -

e ters to be done, in or der to achieve a par tic u lar re sult. At other times, the set ting of one pa ram e -

ter of ten in flu ences mean ing of an other pa ram e ter. In the ex am ple shown be low, such a sit u a tion

does in deed ex ist. Let’s ex plore it - it is a sim ple ap pli ca tion and it is safe to try it on your own.

The ex am ple is the same as shown ear lier, for pa ram e ter #0000.

#0000

SEQ INI ISO TVC

0 0 0 0 1 0 1 0

Con sider the pa ram e ter set ting in the bit reg is ter #5 (SEQ), for Fanuc mod els 16/18/21. This

bit sets the au to matic in ser tion of se quence num bers into a part pro gram, when en tered di rectly

into the con trol. In such a case, the part pro gram is en tered into the mem ory by us ing the key -

board of the con trol sys tem (the slow est method of in put, us ing only one fin ger typ ing, but not un -

com mon). This is typ i cally use ful only if you en ter short CNC pro grams, us ing the con trol panel

hard keys. If the pa ram e ter #5 is set to 1 (Au to matic in ser tion of se quence num bers is per formed), 

you can con cen trate on the keyboarding of the pro gram data only and for get the block num bers -

they will be in serted au to mat i cally - be cause that is the pur pose of the bit #5.

So far so good, the au to matic block num ber ing will save some time - but there is one more small 

item to con sider. What will be the ac tual in cre ment of these se quence num bers? 1, 2, 5, 10?

More? Less? Is there a de fault? Can it be changed? For many pro gram mers, this is im por tant.
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Fanuc con trols al low the use of any in cre ment of the block num bers, in any or der, so the pos si -

bil i ties are quite ex ten sive. From the point of view of the soft ware de signer, no high end soft ware

should con tain as sumed (or pre set) val ues. Such an ap proach would limit the user and make the

soft ware weak as a re sult. Fanuc en gi neers re spect that view and al low set tings of the block num -

ber in cre ment by in di vid ual us ers. In fact, it is not enough just to say ‘Set au to matic in ser tion of

se quence num bers’ - we also have to say ‘Set au to matic in ser tion of se quence num bers with a par -

tic u lar in cre ment’.

Pa ram e ter #0000 and bit #5, do not al low this set ting at all. A re lated pa ram e ter, a pa ram e ter

that is re lated to the #0000 and its bit #5 has to be used - and this pa ram e ter must con tain the

block in cre ment amount. In the case of Fanuc 16/18/21 controls, the pa ram e ter is #3216, and is

de scribed in the Fanuc Pa ram e ter Man ual as:

#3216 

Increment in sequence numbers inserted automatically

In the above ex am ple, the block num ber in cre ment can be set within the fol low ing limitations:

Data Type: Word
Valid Data Range: 0  to  9999

The value of this pa ram e ter is the ac tual in cre ment for the au to matic block se quenc ing, within

the range of 0 to 9999, de fined as a word type en try. The word type en try will be dis cussed

shortly. The se lected amount will only be ap plied, if the bit #5 of pa ram e ter #0000 is set to 1,

oth er wise it will be ig nored. This is a typ i cal ex am ple of one pa ram e ter set ting that is re lated to the 

set ting of an other sys tem pa ram e ter. For dif fer ent con trol sys tems (con trols that claim Fanuc

com pat i bil ity), the prin ci ple of set ting will be the same, but the pa ram e ter num bers and the bit

reg is ter num bers may be dif fer ent. Al ways check the in struc tions for your con trol sys tem.       

Byte Data Type

The com puter terms 'bit' and 'byte' have been al ready de scribed some what briefly. These two

words used in com put ing can be eas ily con fused be cause the look sim i lar. True, these words are

sim i lar, but they are not the same - they are unique words de fined as bit and byte. Re lat ing to the

sys tem pa ram e ters, the bit type pa ram e ter has al ready been de scribed. The other type, the byte

type sys tem pa ram e ter ac cepts a range of val ues - from -127 to +127 for en tries that re quire a

signed value (plus and mi nus val ues), and the in te ger range from 0  to 255 for en tries that do not

re quire signed num bers. These ranges cover all eight bit en tries, where each byte digit is the bit.

For ex am ple, many mod ern CNC ma chin ing cen ters are ca pa ble of the so called rigid tap ping,

rather than tap ping us ing the float ing tap tool holder. Most con trol sys tems will re quire a spe cific

M-code for this func tion. This specific rigid tap ping M-code is nor mally pro vided by the ma chine

tool builder and must be in ter faced to the con trol sys tem - yes, you guessed it - via a pa ram e ter

set ting. The ma chine tool builder does all that. On Fanuc 16/18/21 con trols for milling, the

M-code for rigid tap ping is spec i fied by the pa ram e ter #5210:
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 #5210 

Rigid tapping mode specification M code

Data Type: Byte
Valid Data Range: 0  to  255

This pa ram e ter sets the M-code that spec i fies the rigid tap ping mode. If the pa ram e ter #5210 is 

set, for ex am ple, to 75, the rigid tap ping mode in the CNC pro gram will be ac ti vated by the mis -

cel la neous func tion M75.

Only un as signed M-codes can be used and the ma chine tool de sign must be able to ac cept the

rigid tap ping mode (check the ma chine tool spec i fi ca tions). If the pa ram e ter #5210 is set to the

zero value (0), Fanuc 16/18/21 mill ing sys tems will as sume that the en try is an ar bi trary 29, pro -

grammed as M29 - the de fault value.

Word Data Type

An other data type that ap plies to sys tem pa ram e ters is the word type. The Word Type list ing of a 

con trol sys tem pa ram e ter cov ers the range from -32767 to +32767. This long in te ger range rep -

re sents the six teen bit data area of the pa ram e ter reg is try. The man u fac turer’s set ting of pa ram e ter 

#3772 (as signed the Max i mum Spin dle Speed func tion), il lus trates the word type pa ram e ter:

 #3772 

8000

Data Type: Word
Unit Of Data: RPM
Valid Data Range: 0  to  32767

In the above ex am ple, the max i mum spin dle speed for a par tic u lar CNC ma chine tool has been

set to 8000 rev/min. The max i mum rev/min value is a typ i cal set ting that re lates to the ma chine

tool it self and rep re sents a cer tain fixed ma chine tool spec i fi ca tion. It also rep re sents a set ting that

is un touch able by the user! It be longs to the ma chine tool only and it can not be changed. Never at -

tempt to change the spin dle speed or feedrates, for ex am ple, be cause the ap pro pri ate set tings are

al ways at the dis cre tion of the ma chine tool man u fac turer.

2-Word Data Type

Two-word type pa ram e ter set ting is sim i lar to the word type, but ac cepts much larger val ues. In

fact, the valid in put val ues are be tween -99999999 and +99999999. An ex am ple that can be used

to il lus trate the 2-word sys tem pa ram e ter type is for the set ting of the max i mum cut ting feedrate -

pa ram e ter #1422 (Spec ify the max i mum cut ting feedrate):
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 #1422 

Maximum cutting feedrate for all axes

Data Type: 2-word
System Setting: Metric  or  Inch
Unit of Data: 1 mm/min  or  0.1 inch/min
Data Range (mm): 6 to 240000 (IS-A/IS-B)   or   6 to 100000 (IS-C)
Data Range (inch): 6 to 96000 (IS-A/IS-B)   or   6 to 48000 (IS-C)

For this pa ram e ter type, the con trol sys tem will check the range of the in put val ues. As the

above ex am ple clearly il lus trates, the range is not identical for both units of data. This is quite a

nor mal oc cur rence, be cause in this type of in put, the range will vary for dif fer ent sys tem pa ram e -

ter set tings, de pend ent on the di men sional units used.

Note - The in put range var ies for dif fer ent in cre ment sys tems (IS):

o IS-A/B Smallest input increment:  0.001 mm or 0.0001 inch

or 0.001 degree

o IS-A/B Maximum value:  99999.999 mm or 9999.9999 inch

or 99999.999 degree

o IS-C Smallest input increment:  0.0001 mm or 0.00001 inch

or 0.00001 degree

o IS-C Maximum value:  9999.9999 mm or 999.99999 inch

or 99999.999 degree

The A/B in cre ment sys tem is the most com mon one that is avail able on the ma jor ity of CNC

ma chine tools. Word type pa ram e ter is also called the in te ger type, and the two-word type pa ram e -

ter is also called a long in te ger type. These al ter nate terms are of ten used in 'stan dard' com puter

lan guages. 

Axis Data Type

Sev eral sys tem pa ram e ters re fer to the avail able ma chine axes. These are vari a tions of the other

types of pa ram e ter set ting, and may also be ex pressed as the axis data type:

o Bit axis type

o Byte axis type

o Word axis type

o 2-Word axis type

As the name of the pa ram e ter type sug gests, there is a sim i lar ity be tween the stan dard set tings,

and the axis set tings of the four types. The main dif fer ence is that the pa ram e ter re lated to the axis

set ting can be set to con trol each axis in de pend ently.
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Important Observations

From the pre vi ous ex pla na tions, some very use ful con clu sions can be drawn. Based on the sys -

tem pa ram e ter stor age en try type, all pa ram e ters can be sep a rated into three gen eral ar eas:

u Binary codes

u Units input

u Setting values

All features are equally important. De pend ing on the sys tem pa ram e ter type, all pa ram e ters fall

within a spec i fied en try re quire ments, whether it is a sin gle value or a range of val ues.

Each of the three pa ram e ter groups cov ers dif fer ent in put val ues or amounts. The bi nary in put

can only have an in put of 0 or 1 for the bit data for mat, and 0 to ±127 for the byte type. This cov -

ers the bit and byte sec tions. Units in put sec tion has a much broader scope - the units can be in ei -

ther Eng lish or met ric rep re sen ta tions, ex pressed as a mil li me ter, inch, mm/min, inch/min,

de gree, mil li sec ond, etc., de pend ing on the kind of data en try and the pa ram e ter se lec tion. A sys -

tem pa ram e ter value can also be spec i fied within a given range, for ex am ple a num ber within the

range of 0 to ±99, or 0 to ±99999, or 0 to ±127, etc.

A typ i cal ex am ple of a bi nary in put pa ram e ter set ting is a se lec tion be tween two avail able op -

tions. For in stance, a con trol fea ture called dry run can be set ei ther as ef fec tive or in ef fec tive for

the rapid mo tion com mand - there are two pos si ble and avail able sys tem op tions. To se lect a

particular pref er ence, a pre de ter mined bit num ber of a cer tain pa ram e ter would be set to 0 to

make the dry run ef fec tive, and to 1 to make it in ef fec tive. Non-Fanuc con trols use sim i lar in puts.

Units In put, for ex am ple, is used to set the Increment Sys tem IS-x (IS-A, IS-B, IS-C) - the sys -

tem of di men sional units. Com put ers in gen eral do not dis tin guish be tween inch and met ric units,

for ex am ple - to the com puter, a num ber is a num ber. This ap plies equally to both the CNC and

CAD/CAM soft ware. It is up to the end user and the pa ram e ter set ting, whether the con trol sys -

tem will rec og nize the in put of 0.001 or 0.0001 as the small est mo tion in cre ment or not. An other

ex am ple of the units in put would be a pa ram e ter set ting that stores the max i mum feedrate for each

axis, the max i mum spin dle speed of the ma chine, rapid tra verse rate and other fea tures.

To il lus trate the set ting value of a con trol sys tem pa ram e ter within a spec i fied range, take a typ i -

cal ex am ple of a CNC ma chine tool that has an in dex ing ta ble, such as a gen eral hor i zon tal CNC

ma chin ing cen ter. A par tic u lar con trol sys tem can be ap plied to a ma chine tool that sup ports

one-thou sandths of a de gree in cre ment, as well as to a ma chine that sup ports one de gree in cre ment 

or to a ma chine tool that sup ports five de gree in cre ments. Us ing the sys tem pa ram e ter set tings,

the se lected pa ram e ter can be set to the small est avail able an gle for the ta ble in dex ing. Most us ers

will have this pa ram e ter set to ei ther 1 or 5 de grees as the least an gle. For ro tary axis (or ad vanced 

in dex ing ta bles), this set ting will have a value of 0.01 or 0.001 of a de gree. A pa ram e ter value

can not be set to a value that is lower or higher than the ma chine tool it self can sup port - these are

phys i cal lim i ta tions that should be con sid ered at the time of ma chine tool pur chase. For ex am ple,

an in dex ing axis with the min i mum in cre ment of one de gree, will not be come a ro tary axis with

0.001 in cre ment, just be cause the sys tem pa ram e ter is set to a lower value. This is an im proper

set ting and will cause se ri ous dam age to the ma chine, if at tempted!
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Binary Numbers

In the pre ced ing top ics, the ap pli ca tion of 0 and 1 en tries was ex plained as a very com mon

method of  set ting sys tem pa ram e ter val ues. These are called the bit set tings and are based on the

sys tem of bi nary num bers. Al though many pro gram mers have heard this term, not all un der stand

its con cept. In any CNC train ing pro gram, bi nary num bers are not ex actly the most ap peal ing sub -

ject and are not gen er ally cov ered. Strictly speak ing, there is no need to know the bi nary num bers

and how they work, but the knowl edge does help in sev eral spe cial ap pli ca tions. Also, the sub ject

of bi nary num bers may be in ter est ing to those who would like to know more about it. The de tailed 

de scrip tion of bi nary num bers is be yond the scope of this hand book, but there are many ex cel lent

com puter books de scrib ing the sub ject in de tail. This sec tion will only cover their main es sence.

In ev ery day life, we use the dec i mal num ber sys tem, which means we have ten dig its avail able,

from 0 to 9. The base of the dec i mal sys tem is 10. In the dec i mal sys tem, a num ber can be ex -

panded, us ing the base of 10. For ex am ple, num ber 2763 can be rep re sented as:

2 10 7 10 6 10 3 10 27633 2 1 0´ + ´ + ´ + ´ =

The base of bi nary sys tem is not 10 but 2. For the pur poses of a macro be gin ner, the bi nary sys -

tem uses only the dig its 0 and 1 (one choice out of two). The pre fix bi- means 'of two'. Each sym -

bol is known as a bit (Binary digIT). Many CNC sys tem pa ram e ters are of the bi nary type. In

com put ing, var i ous com po nents can only have two states - ON or OFF, Open or Closed, Ac tive or

In ac tive, and sev eral oth ers. These ON-OFF states are rep re sented by the dig its 0 and 1, in the

sys tem pa ram e ters of the bit type. In one of the ear lier ex am ples, a typ i cal set ting of such a pa ram -

e ter was shown. For ex am ple, in the fol low ing pa ram e ter, the 8-bit value is

00001010

 which can be rep re sented as:

0 0 0 0 1 0 1 0

#7 #6 #5 #4 #3 #2 #1 #0

27 26 25 24 23 22 21 20

128 64 32 16 8 4 2 1

Note how each bit in the above ex am ple is rep re sented by its own num ber (#0 to #7), its own

ex po nen tial rep re sen ta tion and its bit value. The sum of the bits is sim ple to cal cu late:

0 2 0 2 0 2 0 2 1 2 0 2 1 2 0 2 107 6 5 4 3 2 1 0´ + ´ + ´ + ´ + ´ + ´ + ´ + ´ =  

In the chap ter ‘Automatic Op er a tions’, an ac tual ap pli ca tion of the bi nary num bers is shown in

de tail, re lat ing to the sub ject of mir ror im age sta tus check.
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Setting and Changing Parameters

All con trol sys tem pa ram e ters should be set or changed only by an au tho rized per son, usu ally a

qual i fied elec tronic ser vice tech ni cian, an elec tri cian, or an elec tron ics pro fes sional. In all cases,

al ways fol low one sim ple rule re lat ing to pa ram e ters:

Backup all system parameters and never modify their settings,
unless you are qualified and authorized to do so

As the gen eral rule sug gests, al ways keep a backup of the orig i nal sys tem pa ram e ter set tings.

The backup should be stored on a disk, tape, or an other com puter and placed in a safe place - just

in case. More than one copy kept at dif fer ent lo ca tions en hances the qual ity of the safe keep ing.

Protection of Parameters

Ex cept a few sys tem pa ram e ters re lated to set ting, the ma jor ity of pa ram e ters can not be ac -

cessed ca su ally or by an ac ci dent. Pa ram e ters are au to mat i cally pro tected by the con trol sys tem.

In or der to set or change a sys tem pa ram e ter, the user has to en able the Pa ram e ter Write set ting.

This is usu ally done in the MDI mode, us ing the SETTING func tion on the con trol panel. Screen

ap pears with the fol low ing line (Fanuc 16/18/21):

PARAMETER WRITE = 0       (0 : DISABLE     1 : ENABLE)

If the cur sor is po si tioned on the cur rently set value, it can be changed, us ing the ON:1 soft key

to en able pa ram e ter set ting, or OFF:0 soft key to dis able it. Note that while the set ting is ON

(changes en abled), the con trol sys tem is in an alarm con di tion (non-op er a tional). This is a nor mal

and stan dard pre ven tion from ac ci den tally for get ting to dis able the set ting when fin ished. Some

con trol sys tems re quire a user pass word to change pa ram e ters.

Other con trol sys tems, no ta bly Fanuc 10/11/12 as well as Fanuc 15, use a spe cial set ting in pa -

ram e ter #8000, bit #0 (PWE). This pa ram e ter is of the bit type and ac cepts 0 or 1 in put only.

Set ting the pa ram e ter to 0 (the nor mal state), will pro hibit changes to the pa ram e ters, set ting the

pa ram e ter to 1 will al low the pa ram e ter set ting changes.

For any CNC sys tem, and in all cases when the pa ram e ter changes are en abled, the con trol sys -

tem will en ter into the ALARM state (er ror or fault con di tion). This is quite a nor mal sit u a tion - its

pur pose is safety - to guar an tee that the ma chine tool can not be op er ated while the sys tem pa ram e -

ters can be changed.

Battery Backup

An other type of pa ram e ters pro tec tion is pro vided by the con trol man u fac turer. It is called the

bat tery backup. The sys tem pa ram e ters (as well as many other set tings) of the con trol sys tem are

main tained even when the main power to the ma chine tool is turned off (in ten tion ally or by an ac -

ci dent), for ex am ple, dur ing ma chine relocation.
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The gen eral in tent is that a bat tery backup starts sup ply ing the re quired power the mo ment the

nor mal power to the CNC ma chine tool had been in ter rupted. Keep in mind that the power sup -

plied by a backup bat tery sys tem is only tem po rary. You should al ways have a cur rent phys i cal

backup of all system pa ram e ters (as well as all other set tings and the cur rent part pro grams). The

most com mon backup is down loading the set tings to a disk, mak ing two or three cop ies of the

disk, print ing out the file and stor ing each disk at a dif fer ent lo ca tion.

Changing Parameters

Many sys tem pa ram e ters can be changed - this abil ity gives them the flex i bil ity needed in a

man u fac tur ing en vi ron ment. The method of set ting or changing one or more con trol sys tem pa -

ram e ter of fers several choices:

o Through the external device, such as a tape or a disk file

o Through the control unit, using the MDI mode (Manual Data Input)

o Through the part program

The first and sec ond meth ods are well de scribed in var i ous Fanuc man u als. The third method -

chang ing pa ram e ters through the part pro gram - is de scribed in the next chap ter in de tail, un der

the sub ject head ing of pro gram ma ble data in put.

Many con trol sys tem pa ram e ters are pe ri od i cally up dated dur ing pro gram pro cess ing. The

CNC op er a tor, or even the CNC pro gram mer, is of ten not aware that this ac tiv ity is go ing on at

all. There is no real need to mon i tor such ac tiv ity. The saf est rule to ad here to is that once the pa -

ram e ters have been set by a qual i fied CNC ser vice tech ni cian, any tem po rary changes can - and

should - be done through the CNC pro gram it self. If per ma nent changes are re quired, only a qual -

i fied and au tho rized per son should be as signed to do them - and no body else.

System Defaults

Many con trol sys tem pa ram e ter set tings that are al ready in the con trol unit at the time of ma -

chine pur chase have been en tered by the ma chine tool man u fac turer (or the ven dor in some cases)

as the ex clu sive choices, the most suit able choices, or the com mon se lec tions. That does not mean

these set tings will be come your cus tom ized set tings - it only means that they were se lected on the

ba sis of their com mon us age. Quite a few change able set tings are rather con ser va tive in their val -

ues, for var i ous safety rea sons. For ex am ple, the built-in clear ance for the G83 peck drill ing cy cle 

may be 0.5 mm or 0.02 inches. On Fanuc 16/18/21 con trols, the clear ance value is set in the pa -

ram e ter #5115 - Clear ance of canned cy cle G83. Pa ram e ter #6211 con trols the same clear ance

on Fanuc 15 con trols. This is a word-type pa ram e ter en try, that is usu ally set to 0.5 mm or 0.02

inches. What ever the ac tual value is, it may never be known to the pro gram mer or ma chine op er a -

tor. The ob vi ous rea son is that the value is al ready built-in in side of the con trol sys tem, as an ini -

tial or de fault value. It is es tab lished by the ma chine tool man u fac turer as the most suit able gen eral 

value, of ten taken from var i ous sur veys of end us ers. Such a value, es tab lished by the ma chine

tool builder, is nor mally called the de fault value. In other words, the set tings es tab lished by the

fac tory (the ma chine man u fac turer) are called the de fault set tings that be come ac tive when the

con trol sys tem power is turned ON.
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Default Values Settings

The Eng lish word ‘de fault’ is a de riv a tive of a French word ‘defaut’, that can be loosely trans -

lated as ‘as sumed’. When the main power to the con trol unit is turned ON, there are no set val ues

passed to the pa ram e ters from any pro gram, since no pro gram has yet been pro cessed. How ever,

cer tain set tings be come ac tive au to mat i cally, with out any ex ter nal CNC pro gram. For in stance, a

cut ter ra dius offset mode is au to mat i cally can celed at the startup of the con trol sys tem. Also can -

celed are the fixed (canned) cy cle modes or the tool length off set. The con trol sys tem ‘as sumes’

that cer tain con di tions are pref er a ble to oth ers. Most CNC ma chine tool op er a tors will prob a bly

agree with the ma jor ity of these ini tial set tings, al though not nec es sar ily with all of them. Many of 

these set tings are cus tom iz able by a sim ple change in the pa ram e ter set tings. Such set tings will be -

come per ma nent, and be come the new ‘de fault’.

We know that a com puter is only a ma chine. It is fast and it is ac cu rate, but it has no in tel li gence 

in hu man terms. Even ar ti fi cial in tel li gence is just that - ar ti fi cial. A hu man be ing, on the other

side, is slow, makes mis takes, but has a unique abil ity - hu man be ing thinks. A com puter is a very

so phis ti cated ma chine and as such, it does not as sume any thing - com puter does not con sider,

com puter does not feel, com puter does not think. Vet eran com puter us ers know that a com puter

does not do any thing that a hu man in ge nu ity has not placed into it in the first place, dur ing the de -

sign and de vel op ment pro cess.

In the terms of a CNC sys tem op er a tion, when its main power is turned on, the in ter nal soft ware 

au to mat i cally sets cer tain pre pro grammed pa ram e ters to their de fault con di tion, as de signed and

de cided by a hu man en gi neer. In the last sen tence, the key word was ‘cer tain’. Not all sys tem pa -

ram e ters, only cer tain pa ram e ters can have an as sumed con di tion - a par tic u lar con di tion that is

known as the de fault value or the de fault con di tion.

Con sider an ex am ple that may be both prac ti cal and easy to un der stand at the same time. A tool

mo tion can have three com mon modes - it can be a rapid mo tion, a lin ear or a cir cu lar mo tion.

The de fault set ting of such a mo tion is re quired within the con trol pa ram e ters. Which one of the

three modes should be chosen? The rapid mo tion, the lin ear mo tion, or the cir cu lar mo tion? Only

one of them can be ac tive at the same time - but which one? The an swer de pends on the pa ram e ter

set tings. Many pa ram e ters have an op tion to be pre set to a de sired state. In this ex am ple, ei ther

the rapid or the lin ear mode will be ef fective au to mat i cally when the con trol power is turned on.

Cir cu lar mode is def i nitely not prac ti cal un der any cir cum stances.

To an swer the ques tion of 'which one', look at the con se quences of a choice. Many ma chines

are sold with the lin ear mo tion - G01 com mand - as a de fault, for safety rea sons. When the ma -

chine axes are moved man u ally, the sys tem pa ram e ter set ting has no ef fect. If an axis com mand is

en tered man u ally, ei ther through the pro gram or in the MDI mode, a tool mo tion will hap pen. If

the mo tion com mand is not spec i fied, the sys tem will use the com mand mode that had been pre set

as the de fault in the con trol pa ram e ters. Since the as sumed mode, the de fault mode is, in this case, 

a lin ear mo tion - G01 - an er ror con di tion will re sult. Why? Be cause there is no cut ting feedrate in 

ef fect, which the G01 does re quire. Had the de fault set ting been the rapid mo tion G00, there

would be a rapid mo tion, cre at ing somewhat more risky sit u a tion in many ap pli ca tions, as it does

not re quire feedrate des ig na tion - the rapid rate is con trolled in ter nally. Both, the CNC pro gram -

mer and the CNC op er a tor should be aware of the de fault set tings of each con trol unit in the ma -

chine shop. Un less there is a com pel ling rea son to do oth er wise, de faults for sev eral con trol units

should be set iden ti cally, if pos si ble, to cre ate a con sis tent work ing environment. 
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DATA SETTING

In smaller ma chine shops, job shops or any other en vi ron ment where stand alone CNC ma -

chines are used, the ma chine op er a tor typ i cally sets all off set val ues that have to be in put into the

con trol dur ing the job setup, man u ally by sim ply typ ing them in the proper reg is ters. This com -

mon method is very use ful when the pro gram mer does not know the set ting val ues - in fact, this is

the nor mal sit u a tion in most shops that the pro gram mer or ma chine op er a tor does not know the

ac tual val ues of var i ous off sets at the time of pro gram ming or ma chine setup.

Un der stand ing the sub ject of offset data set ting is im por tant for many macro programs

In put of Offsets

In a man u fac tur ing en vi ron ment that has to be very tightly con trolled dur ing production, for ex -

am ple in agile and au to matic man u fac tur ing, or man u fac tur ing of the same parts in very large vol -

umes, the man ual off set data en try dur ing setup is very costly and in ef fi cient. Also, this method

does not pro vide and ef fi cient means of ad just ing the off sets val ues, for ex am ple, for tool wear.

An ag ile or large vol ume man u fac tur ing uses mod ern tools such as CAD/CAM sys tems for de sign 

and toolpath de vel op ment, con cept of mul ti ple ma chine cells, ro bots, pre set tools, au to matic tool

chang ing and tool life man age ment, tool break age de tec tion, pal lets, pro gram ma ble aux il iary

equip ment, ma chine au to ma tion, and so on. Un known el e ments can not ex ist in such en vi ron ment

- re la tion ships of all ref er ence po si tions must al ways be known, and the need for off sets to be es -

tab lished and set at each in di vid ual ma chine is elim i nated. All the ini tial off set val ues are - and

must be - al ways known to the CNC pro gram mer, well be fore the ac tual setup takes place on the

CNC ma chine.

There is a great ad van tage in such in for ma tion be ing known and used prop erly - the ini tial off set 

data can be in cluded in the part pro gram and be chan neled into ap pro pri ate off set reg is ters through 

the pro gram flow. There is no op er a tor's in ter fer ence and the ma chin ing pro cess is fully au to -

mated, in clud ing the main te nance of tools and re lated off sets. All off set set tings are un der the pro -

gram con trol, in clud ing their up dates re quired for po si tion change, or a tool length change, or a

ra dius change and other sim i lar changes. The off sets are ad justed and up dated from the in for ma -

tion pro vided by an in-pro cess gaug ing sys tem that must be in stalled on the ma chine and in ter -

faced with the con trol sys tem.

All this au to ma tion is pos si ble with sev eral pro gram ming aids, of ten avail able as an op tional

fea ture of the con trol sys tem. The main aid is the use of user mac ros and a fea ture called Data Set -

ting. Be fore you can han dle mac ros for the pur pose of off set set ting and ad just ment, you have to

un der stand the con cept of the data set ting. As a mat ter of fact, the con trol unit may have the data

set ting fea ture with out even hav ing the macro op tion. Don't get dis cour aged with out try ing it first. 

Even a small ma chine shop with a sin gle stand alone CNC ma chine can ben e fit from this fea ture,

if it is avail able. Fanuc con trol sys tems use a spe cial pre pa ra tory com mand for data set ting - G10.
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Data Setting Command

To se lect the data set ting op tion and to set off set data through the pro gram, Fanuc con trols of fer 

a special pre pa ra tory G com mand:

G10 Data Set ting (Pro gram ma ble Data In put Func tion)

In its ba sic form, this un com mon pre pa ra tory com mand G10 is a non-modal com mand, valid

only for the block in which it is pro grammed. If it is required in any sub se quent blocks, it has to be 

repeated in ev ery block.

By it self, the G10 com mand does not do any thing at all. It re quires ad di tional in put. It has a

sim ple for mat that is dif fer ent for the CNC ma chin ing cen ters and CNC lathes. There are also

some mi nor dif fer ences be tween for mats of dif fer ent Fanuc con trols or Fanuc com pat i ble con -

trols, al though the pro gram ming meth ods are log i cally iden ti cal. For mats also vary for the three

dif fer ent types of the off sets - the work co or di nate off set, the tool length off set, and the cut ter ra -

dius off set. The ex am ples in this sec tion are for typ i cal Fanuc mod els and have been tested on

Fanuc 16 MB (they ap ply to mill ing and turn ing con trol). They will work on many other con trol

mod els as well.

Coordinate Mode

Se lec tion of the ab so lute (G90) or in cre men tal (G91) pro gram ming mode has a great im pact on

the in put of all off set val ues us ing the CNC pro gram with the G10 com mand.

The G90 or G91 can be set any where in the pro gram, changed from one to the other, as long as

the block con tain ing the re quired com mand is as signed be fore the G10 data set ting com mand is

called. All types of avail able off sets can be set through the pro gram, us ing the G10 com mand:

o Work offsets ... G54  to  G59 (and additional sets, if available)

o Tool length offsets ... G43  or  G44 (G49 to cancel)

o Cutter radius offsets ... G41  or  G42 (G40 to cancel)

Ab so lute Mode

Ab so lute mode of pro gram ming uses the G90 pre pa ra tory com mand for the mill ing con trols and 

XZ ad dresses for turn ing con trols. In the ab so lute mode, any one of the three pro grammed off set

val ues will re place the off set value stored in the CNC sys tem.

In cre men tal Mode

In cre men tal mode of pro gram ming uses the G91 pre pa ra tory com mand for the mill ing con trols

and UW ad dresses for turn ing con trols. In the in cre men tal mode, any one of the three pro grammed

off set val ues will not re place but only up date the off set value stored in the CNC sys tem.
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Se lec tion of ABSOLUTE or INCREMENTAL mode will af fect data set ting

All three off set groups can be used in macro pro grams us ing the data set ting func tion. It is very

im por tant to un der stand how each off set group be haves in all con di tions. If nec es sary, re view sub -

jects re lat ing to the con cept of the work off sets, tool length off set and cut ter ra dius off set (see

Chap ter 24 at the end of this hand book for sug ges tions).

Work Offsets

Standard Work Offset Input

The stan dard six work off sets G54 to G59 are gen er ally avail able for both the mill ing and turn -

ing con trol systems. How ever, due to the unique ma chin ing re quire ments, they are nor mally as so -

ci ated with the mill ing con trols. Their pro gram ming for mat is the same for both con trol types:

G10 L2 P- X- Y- Z- Machining centers

G10 L2 P- X- Z- Turning centers

The L2 word is a fixed man da tory off set group num ber that iden ti fies the off set in put type as the

work co or di nate set ting. The P ad dress in this case can have a value from 1 to 6, as signed to the

G54 to G59 se lec tion re spec tively:

P1 = G54,   P2 = G55,   P3 = G56,   P4 = G57,   P5 = G58,   P6 = G59

for ex am ple,

G90 G10 L2 P1 X-450.0 Y-375.0 Z0

will in put X-450.0 Y-375.0 Z0 co or di nates into the G54 work co or di nate off set reg is ter (all ex -

am ples for this sec tion are in mil li me ters).

G90 G10 L2 P3 X-630.0 Y-408.0

will in put X-630.0 Y-408.0 co or di nates into the G56 work co or di nate off set reg is ter. Since the

Z-value has not been pro grammed, the cur rent value of the Z-off set will be re tained.

All ex am ples above show the ab so lute pro gram ming mode G90 (or XZ), where the off set set ting 

in the con trol will be re placed with the one pro vided in the pro gram. In in cre men tal mode G91 (or 

UW), the cur rent off set set ting will be up dated:

G90 G10 L2 P1 X-450.0 Y-375.0 Z0
(...MACHINING CONTINUES...)
G91 G10 L2 P1 X5.0

will first in put X-450.0 Y-375.0 Z0 co or di nates into the G54 work off set, but af ter some ma -

chin ing, only the X-off set will be up dated by add ing 5 mm to its cur rent value, to X-445.0.
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Additional Work Offset Input

In ad di tion to the stan dard six work co or di nate set tings for mill ing and turn ing con trols, Fanuc

of fers an op tional set of many ad di tional off sets as an ex ten sion of the stan dard work off sets G54

to G59. This op tion adds an other forty eight work off sets (G54.1 Px or G54 Px), for the to tal

of fifty four work off sets (x=1 to 48)! If so many work off sets seem ex ces sive, just con sider a

com plex job on a CNC hor i zon tal ma chin ing cen ter, where work off set may change with each axis 

in dex ing. These ad di tional work off sets are iden ti fied in the CNC pro gram by us ing the com mand

G54.1 or G54 along with the ad dress P - com pare these three ex am ples:

N3 G90 G54 G00 X50.0 Y75.0 S1200 M03 Uses the standard G54 offset

N3 G90 G54.1 P1 G00 X50.0 Y75.0 S1200 M03 Uses the first additional offset

N3 G90 G54 P1 G00 X50.0 Y75.0 S1200 M03 Exactly the same as the previous example

Note that for ad di tional off sets, only the G54.1 or G54 com mand can be used, not any other.

Whether to use G54.1 P- or G54 P- de pends on the con trol - try them both to find out.

The G10 data set ting com mand can also be used to in put off set val ues to any one of the 48 ad di -

tional work off sets and the pro gram ming com mand is very sim i lar to the pre vi ous one, ex cept L20 

is used in stead of the L2:

G10 L20 P- X- Y- Z-

Only the fixed man da tory off set group num ber has changed to an other fixed off set group num -

ber, L20, which spec i fies the se lec tion of one of the ad di tional work off sets.

Do not con fuse the ad dress 'P' in the G10 block with the ad dress 'P' in the G54 block !

External Work Offset Input

An other off set that be longs to the work co or di nate sys tem group is called ei ther Ex ter nal or

Com mon. This off set can not be pro grammed nor mally, us ing any stan dard G-code. It can be set

man u ally in the same work off set area as the G54+ off sets - at the con trol only - it is the first off -

set on the screen, marked 00, and ei ther with the let ters EXT or COM. The lat est con trols use the

EXT let ters, to elim i nate con fu sion with let ters re lated to com mu ni ca tions set tings. Ex ter nal

(Com mon) off sets are al ways added to all other work off sets spec i fied in the CNC pro gram. With

the G10, the ex ter nal off set can be pro grammed, and it is nor mally used to up date all work co or -

di nate off sets at the same time (glob ally). This is a much more ef fi cient way of up dat ing all used

work off sets by the same amount.

The pro gram ming for mat for the G10 in put of set tings into the ex ter nal off set uses the L2 off set

group and P0 as the off set se lec tion:

G90 G10 L2 P0 X-10.0
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This pro gram en try will place X-10.0 into the ex ter nal work co or di nate off set, while re tain ing

all other set tings (the Y-axis, the Z-axis, and any ad di tional axes as well). As a re sult of this up -

date, each work co or di nate sys tem used in the ac tive CNC pro gram will be shifted by 10 mm into

the X-neg a tive di rec tion.

The other two off set groups, one for the tool length, the other for the cut ter ra dius, can also be

set by the G10 com mand. How ever, there is an ad di tional sub ject you have to fully un der stand,

be fore us ing the G10 com mand for those two off set groups. The sub ject cov ers the mem ory types.

Offset Memory Types - Milling

Dur ing the de vel op ment of more advanced CNC tech nol ogy, Fanuc con trols have in tro duced

three, pro gres sively more ad vanced, types of mem ory to store tool length and tool ra dius off sets.

The three stages are known as the Mem ory Type A, Mem ory Type B, and Mem ory Type C, re fer -

ring to the type of off set mem ory.

They have these char ac ter is tics on the dis play screen of the con trol sys tem:

Memory Type Characteristics

Type A One display column, shared by the length and radius offsets

Type B Two display columns, one for the length offset and one for the radius offset

Type C Four display columns, two for the length offset and two for the radius offset

In off sets are ap plied in macro programs, we deal with two im por tant cri te ria - the size of the

tool (length or ra dius) and the amount of wear on the tool (length change or a ra dius change). The

terms Ge om e try Off set and Wear Off set are used fre quently in this application, and may re quire

some clar i fi ca tion.

Geometry Offset

For the tool length, the ge om e try off set stores the ac tual pre set length of the tool, or the ac tual

amount mea sured dur ing setup. In a pro gram, the length off set is called with the ad dress H.

For the tool ra dius, the ge om e try off set stores the known (nom i nal) ra dius of the cut ter (typ i -

cally one half of the spec i fied di am e ter). In a pro gram, the ra dius off set is called with the ad dress

D but can also be called with the ad dress H.

Wear Offset

As the name sug gests, the wear off set is the amount of de vi a tion from the mea sured value (i.e.,

from the ge om e try off set). Do not take the name lit er ally. Wear means tool wear, yes, but it also

means an amount of de vi a tion for any other rea son, for ex am ple, a de vi a tion due to resharpening

of the tool or due to cut ting pressures.
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Which Off set to Up date?

When a tool length or a tool ra dius off set value needs an ad just ment for var i ous rea sons, the

ques tion is which off set to ad just. This ques tion needs no an swer for the mem ory Type A, but the

an swer is im por tant for mem ory Type B and Type C. Both of these types of fer two groups of ad -

just ment, one for ge om e try, the other for wear.

2 This example il lus trates the offset update options (memory Type B is used):

In the pro gram, tool length off set num ber H03 is used. In the con trol sys tem, the Ge om e try set -

ting for off set 03 is -198.000 and the Wear set ting is 0.000. The 198 mm tool-to-part dis tance has

ei ther been mea sured at the CNC ma chine or en tered from a pre set ting de vice. This dis tance rep -

re sents the ini tial con di tions of the tool setup, the 'nor mal' con di tion. Since it rep re sents the re la -

tion ship be tween the ma chine and the cut ting tool, it should be en tered into the Ge om e try off set.

Vir tu ally all CNC op er a tors will do that as a mat ter of rou tine.

While the tool pro vides cor rect cut ting depth for many parts, even tu ally it may need an slight

ad just ment, be cause the depth be comes a bit shal low. The tool it self does not need sharp en ing, but 

the length off set needs an ad just ment of 0.125 mm, in or der to com pen sate for the shal low depth.

The tool has to be forced to move down, into the ma te rial, by ad di tional 0.125 mm. There are two 

op tions the CNC op er a tor can choose from - ei ther the Ge om e try off set is changed from -198.000

to -198.125 or the Wear off set is changed from 0.000 to -0.125. The re sult will be ex actly same

with ei ther method - and hence the ques tion - which off set to up date?

Many CNC op er a tors have the habit of chang ing (up dat ing) the Ge om e try off set all the time,

leav ing the Wear off set in tact and ig nored. In au to mated ma chin ing, par tic u larly when work ing

with cus tom mac ros, this is the most un de sir able ap proach, be cause the orig i nal set ting - the one

that was phys i cally mea sured - the orig i nal off set value, will be lost. As a rule, al ways make ad -

just ments to the Wear off set and leave the Ge om e try off set alone. This way, both val ues are pre -

served and off set set tings are better con trolled. 

The com par i son be tween two off set en tries is shown above (for mem ory Type B) - Fig ure 9.

In cus tom mac ros, se lect ing the wrong off set to be up dated can cause se ri ous prob lems
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Memory Type A

This is the old est mem ory type that re flects CNC tech nol ogy of its time. Any length and ra dius

off set set ting is placed in the same col umn of off sets - the same reg is ter area of the con trol sys tem. 

For the mem ory Type A, there is only a sin gle col umn of off sets avail able - see Fig ure 10 :

Ide ally, each pro gram ad dress should rep re sent a unique mean ing. That is not al ways pos si ble,

and this a good ex am ple of such a sit u a tion. When both tool length and tool ra dius off sets are in -

cluded in the same pro gram for a cer tain tool (a com mon oc cur rence), each should use a dif fer ent

ad dress (let ter). That also re quires two reg is ters to store the off set data in the con trol sys tem. With 

a sin gle mem ory reg is try, only one col umn off set mem ory is avail able (called Type A). The re sult

is that the tool length off set and the tool ra dius off set will both use the H-ad dress, with two dif fer -

ent off set num bers. Sev eral con trol mod els do al low the use of the H-ad dress for the tool length

off set num ber and the D-ad dress for the tool ra dius off set num ber, but they can not have the same

num ber. Typ i cally, the num bers are ar bi trarily shifted by a cer tain amount, for ex am ple, by 25 or

50, de pend ing on the to tal num ber of off sets avail able in the reg is try.

2 Examples:

Tool T04 uses H04 for tool length and H54 for the tool ra dius off set (only H can be used):   

G43 Z2.0 H04 Offset number 04 used for tool length - H address
…

G01 G41 X123.0 H54 F275.0 Offset number 54 used for tool radius - H address

Tool T04 uses H04 for tool length and D54 for the tool ra dius off set (both H and D can be used):

G43 Z2.0 H04 Offset number 04 used for tool length - H address
…

G01 G41 X123.0 D54 F275.0 Offset number 54 used for tool radius - D address

The se lec tion of the ac tual off set num ber is the pro gram mer’s de ci sion - most pro gram mers

choose the tool num ber and tool length off set num ber the same, for con ve nience. The off set mem -

ory Type A is still very com mon, not only on older ma chine tools, but on newer ma chine tools us -

ing the con trols with lim ited fea tures, such as Fanuc 0 model con trols. Al ways check if H and D

can be used in the same pro gram, when only Type A off set mem ory is avail able at the con trol. 
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Memory Type B

The mem ory Type B has been a great im prove ment on the Type A, be cause it sep a rates the ge -

om e try and the wear off sets into sep a rate col umns, for better off set man age ment. Still, it does not

sep a rate the tool length and the tool ra dius en tries into sep a rate col umns. Fig ure 11 shows two

col umns for the off set en try of Type B off set mem ory, shar ing the same off set num ber:

Be cause of the sep a ra tion of ge om e try and wear off sets into two columns, the con trol of off set

data en tries is some what sim pli fied. At the same time, the ac tual pro gram ming in put still does

require two dif fer ent off set num bers for the same tool - H-off set num ber and D-offset num ber. 

The real ben e fit of this type of off set mem ory is more ori ented to wards the CNC op er a tor,

rather than the CNC pro gram mer. At the ma chine, the CNC op er a tor can make changes to the

wear off set, with out dis turb ing the ge om e try off set.

The pro gram ming struc ture it self (the pro gram input) is ex actly the same as for Type A:       

2 Examples:

Tool T04 uses H04 for tool length and H54 for the tool ra dius off set (only H can be used):

G43 Z2.0 H04 Offset number 04 used for tool length - H address
…

G01 G41 X123.0 H54 F275.0 Offset number 54 used for tool radius - H address

Tool T04 uses H04 for tool length and D54 for the tool ra dius off set (both H and D can be
used):

G43 Z2.0 H04 Offset number 04 used for tool length - H address
…

G01 G41 X123.0 D54 F275.0 Offset number 54 used for tool radius - D address

The off set num ber ing method fol lows the same logic as for Type A (af ter all, it is al most iden ti -

cal). The part pro gram mer de cides the most con ve nient (com fort able) method. In all cases of off -

set num ber ing, it is im por tant to care fully se lect the pro gram ming method first, then fol low it

con sis tently from one pro gram to an other, by all pro gram mers in the company.
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Memory Type C

The lat est (and the great est) type of off set mem ory is the Type C. It is a much im proved in put

method, based on Type B - it of fers ex treme pro gram ming con trol and flex i bil ity dur ing ma chine

op er a tion. Type C off set mem ory con tains ge om e try and wear off set reg is ters that are in de pend ent

of each other - they are dif fer ent for the tool length off set and the tool ra dius off set data. In normal 

prac tice, that means the to tal of four dis play col umns on the con trol sys tem screen - Fig ure 12. 

2 Example:

Tool T04 uses H04 for tool length and D04 for the tool ra dius off set (both H and D can be
used):

G43 Z2.0 H04 Offset number 04 used for tool length - H address
…

G01 G41 X123.0 D04 F275.0 Offset number 04 used for tool radius - D address

This is the most ad vanced method of CNC pro gram ming of length and ra dius off sets, be cause

the con trol sys tems that sup port it - of fer con ve nience and flex i bil ity to both, the CNC pro gram -

mer and the CNC ma chine tool op er a tor. There is no need to shift one off set num ber by 25 or 50

num bers - they are both the same, both us ing its own off set reg is ter. There is no need to worry

whether to use the H-ad dress or the D-ad dress - in Type C off set mem ory, the H-ad dress will al -

ways be used for the tool length off set, the D-ad dress will al ways be used for the ra dius off set -

and can both have the same off set num ber.

Mem ory Type and Mac ros

It is very im por tant to un der stand the off set mem ory types, be cause when writ ing a cus tom

macro pro gram that uses ei ther the tool length or the tool ra dius off set (or both), the macro will

have to re flect the dif fer ences of each off set type. That also means a par tic u lar macro will not be

trans fer ra ble to a different ma chine con trol system, un less it also in cludes a mul ti ple choice that

cov ers the available off set mem ory types.

Off set mem ory type determines the macro structure for length and radius offsets
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Offset Memory Types - Turning

There are only two types of off set mem ory avail able for the Fanuc turn ing con trols (those used

for CNC lathes and turn ing cen ters) - the Type A and the Type B mem ory off sets - they are sim i lar

to their mill ing coun ter parts with a few changes. As there is no tool length off set equiv a lent for

turn ing applications, there is also no Type C off set mem ory avail able on turn ing con trols. The

mem ory Type A is con sid ered old and im prac ti cal, par tic u larly for lathe mac ros - it lacks many

im por tant fea tures and is pres ent on some old lathes only. Most CNC lathes and turn ing cen ters

to day use the off set mem ory Type B, which oc cu pies two dis tinct screens on the CRT dis play. One 

screen is the Ge om e try off set set ting, the other is the Wear off set set ting. They are very sim i lar,

and CNC op er a tors of ten make the mis take of in put ting data into the wrong screen (as of ten hap -

pens on mill ing con trols as well). All con trol mod els re mind the user of the ac tive screen dis -

played by the words GEOMETRY or WEAR at the screen top, and some con trols even pre cede the

off set num ber with the let ter G for Ge om e try off set num ber and the let ter W for the Wear off set

num ber. As al ways, make sure to check the con trol sys tem man ual for rel e vant de tails - changes

in the con trol soft ware hap pen fairly fre quently and are usu ally in cluded only in the lat est con trol

mod els - con trols come in many va ri et ies, some rather very small, yet important.

In the next il lus tra tion - Fig ure 13 - a typ i cal screen view dis plays the con tents of the Ge om e try

off set for a CNC lathe unit, us ing the Type B off set mem ory set tings. 

 A vir tu ally iden ti cal screen display - Fig ure 14 - shows the Ge om e try off set screen. It contains

the lathe Wear off set screen, also us ing the Type B off set mem ory set ting.

58 Chapter 5

...... ...

0.000

0.000

0.000

0.000

0.000

W 05

W 04

W 03

W 02

W 01

0.000

0.000

0.000

0.000

0.000

... ...

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

WEAR
OFFSET
NUMBER WEAR

TOOLNOSE
RADIUS

NUMBER

TOOL TIP

OFFSET

X-AXIS
WEAR

OFFSET

Z-AXIS
WEAR

Figure 14

Lathe offset memory Type B
… WEAR

The Tool Nose Radius is
normally identified by the
letter R, and the imaginary
Tool Tip Number is identified 
by the letter T

...... ...

0.000

0.000

0.000

0.000

0.000

G 05

G 04

G 03

G 02

G 01

0.000

0.000

0.000

0.000

0.000

... ...

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

GEOMETRY
OFFSET
NUMBER GEOMETRY

TOOLNOSE
RADIUS

NUMBER

TOOL TIP

OFFSET

X-AXIS
GEOMETRY

OFFSET

Z-AXIS
GEOMETRY

Figure 13

Lathe offset memory Type B
… GEOMETRY

The Tool Nose Radius is
normally identified by the
letter R, and the imaginary
Tool Tip Number is identified 
by the letter T

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Adjusting Offset Values

A brief men tion of how the cur rently set co or di nate modes in flu ence any off set set ting, was al -

ready  men tioned ear lier in this chap ter. During a typ i cal CNC ma chine op er a tion, the op er a tor

reg u larly ad justs the cur rent off set val ues. This ad just ment is based on the re sult of a reliable mea -

sure ment, regardless of the rea son that may have caused the ad just ment in the first place. The

same ad just ment can be done au to mat i cally, us ing mac ros and some ad di tional ma chine hard ware.

The most im por tant key to un der stand ing the off set value ad just ment is the mode of data en try -

is it ab so lute or is it in cre men tal? Both of fer cer tain ad van tages, and it is very im por tant to un der -

stand them well, par tic u larly for macro pro gram de vel op ment.

In the fol low ing few para graphs, there are sev eral ex am ples that will il lus trate the dif fer ences.

Absolute Mode

In the ab so lute mode of pro gram ming (G90 for mill ing or XZ for turn ing), the se lected off set

will be REPLACED by the en tered value in the pro gram (or man u ally, at the con trol).

2 Absolute mode ex am ple (G90 or XZ):

Current offset value: 345.000
Input value: 350.000
New offset value: 350.000

If you make a mis take, the orig i nal set ting is lost for ever - be care ful. Re mem ber ing the orig i nal 

value may be dif fi cult, but writ ing it down be fore the change may pre vent many prob lems.      

Incremental Mode

In the in cre men tal  mode of pro gram ming (G91 for mill ing or UW for turn ing), the se lected

off set will be UPDATED by the en tered value in the pro gram (or man u ally, at the con trol).

2 In cre men tal mode ex am ple (G91 or UW):

Cur rent off set value: 345.000
In put value:            5.000
New off set value: 350.000

In case of an in put er ror, the odds are lit tle better for in cre men tal in put than ab so lute in put of

off sets. As long as you re mem ber the in cre men tal value used for the off set ad just ment, you can al -

ways re vert to it, in case of an er ro ne ous in put.

Macro programs will ac cept ei ther method of co or di nate in put and will be have ex actly the

same, as if the part pro gram were writ ten in the so called 'nor mal' mode, with out us ing macro

state ments. Keep in mind that macro pro gram ming only am pli fies the slow man ual pro cess - it

uses the same log i cal tools and pro ce dures avail able in man ual pro gram ming.
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Tool Offset Program Entry

Tool length off set value for a CNC mill ing con trol sys tem that sup ports the G10 com mand, can

be pro grammed us ing the G10 com mand to gether with the L off set group. De pend ing on the

mem ory type a par tic u lar con trol sys tem of fers, the L off set group may have a dif fer ent num ber.

The three types of off set mem ory on Fanuc con trols, for the tool off sets (length and ra dius), have

dif fer ent en tries and are il lus trated in the fol low ing ex am ples:

u Memory A  (only one column for length offset and radius offset)

Offset entry: Combined Geometry + Wear offset amount Program
entry: Offset amount set by  G10 L11 P- R- block

u Memory B  (two columns for length offset and radius offset)

Offset entry 1: Separate Geometry offset amount Program entry 1:
Offset amount set by  G10 L10 P- R-  block

Offset entry 2: Separate Wear offset amount Program entry 2: 
Offset amount set by  G10 L11 P- R-  block

u Memory C  (two columns for length offset and two columns for radius offset)

Offset entry 1:    Separate Geometry offset amount - applied to H-address
Program entry 1: Offset amount set by  G10 L10 P- R-  block

Offset entry 2: Separate Geometry offset amount - applied to D-address
Program entry 2: Offset amount set by  G10 L12 P- R-  block

Offset entry 3: Separate Wear offset amount - applied to H-address
Program entry 3: Offset amount set by  G10 L11 P- R-  block

Offset entry 4: Separate Wear offset amount - applied to D-address
Program entry 4: Offset amount set by  G10 L13 P- R-  block

L-Address

In all ex am ples il lus trated, the L ad dress num ber is the ar bi trary (fixed) off set group num ber

(that means it is fixed within the par tic u lar Fanuc con trol sys tem by the man u fac turer), and the P

ad dress is the off set reg is ter num ber (used by the CNC sys tem) - the R value is the ac tual amount

of the se lected off set to be trans ferred into the se lected off set num ber reg is try. Ab so lute and in cre -

men tal modes have the same ef fect on the tool length and ra dius pro grammed in put, as for the

work off set, de scribed ear lier in this chap ter. Some ad di tional prac ti cal ex am ples of var i ous off set 

data set tings, us ing the G10 pre pa ra tory com mand, should il lus trate this topic even further.

NOTE:  Older Fanuc con trols used the ad dress L1, in stead of the newer L11. These con trols did 

not have a wear off set as a sep a rate en try. For the com pat i bil ity with several older con trols, L1 is

ac cepted on all mod ern con trols in lieu of L11.
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G10 Offset Data Settings - Milling Examples

This sec tion il lus trates some of the com mon ex am ples of G10 off set data set tings used in a pro -

gram (stan dard or macro) for CNC ma chin ing cen ters. Block num bers are used for con ve nience.

2 Ex am ple 1:

Block N50 will in put the amount of neg a tive 468.0 mm into the tool length off set reg is ter 5: 

N50 G90 G10 L10 P5 R-468.0

2 Ex am ple 2:

If this off set needs an ad just ment to cut 0.5 mm less depth, us ing the tool length off set 5, the

G10 block will have to be changed to in cre men tal mode:

N60 G91 G10 L10 P5 R0.5

Note the G91 in cre men tal mode - if the blocks N50 and N60 are used in the listed or der, then

the reg is tered amount of off set num ber 5 will be -467.5 mm.

2 Ex am ple 3:

For mem ory Type C, the cut ter ra dius value D may be passed to the se lected off set reg is ter from 

the CNC pro gram, us ing the G10 com mand with L12 (ge om e try) and L13 (wear) off set groups:

N70 G90 G10 L12 P7 R5.0 ... in puts 5.0 mm ra dius amount into the ge om e try off set reg is ter 7

N80 G90 G10 L13 P7 R-0.03 ... in puts -0.03 mm ra dius amount into the wear off set reg is ter 7

The com bined ef fect of the two en tries will be the equiv a lent of cut ter ra dius 4.97 mm.          

2 Ex am ple 4:

To in crease or de crease a stored off set amount, use the in cre men tal pro gram ming mode G91.

The ex am ple in block N80 will be up dated, by add ing 0.01 mm to the cur rent wear off set amount:

N90 G91 G10 L13 P7 R0.01

The new set ting in the wear off set reg is ter num ber 7 will be 0.02 mm and the com bined ef fect

of both off sets num ber 7 will be the equiv a lent of cut ter ra dius 4.98 mm (af ter blocks N70, N80

and N90 were pro cessed). Al ways be care ful with the G90 or G91 modes - it is rec om mended to

re in state the proper mode im me di ately af ter use, for any sub se quent sec tions of the pro gram.
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Valid Input Range

On most CNC ma chin ing cen ters, the range of the tool length or the tool ra dius off set val ues is

lim ited to a range spec i fied by the Fanuc con trol. The in put range of the off set in put val ues is very 

wide and suf fi cient for all work. Note that the met ric and Eng lish amounts vary only by a shifted

dec i mal point, not by ac tual units conversion:

Offset Input Lowest amount Highest amount

GEOMETRY - Metric -999.999 mm +999.999 mm

WEAR - Metric -99.999 mm +99.999 mm

GEOMETRY - English -99.9999 inches +99.9999 inches

WEAR - English -9.9999 inches +9.9999 inches

The num ber of avail able off sets in the con trol sys tem is also lim ited, with a typ i cal min i mum

num ber of off set usu ally no less then 32. Op tion ally, the CNC sys tem can have 64, 99, 200, and

400 off sets avail able - and more - most of them as a spe cial op tion. It is im por tant that to know the

max i mum num ber of off sets for each con trol sys tem in the shop. As a sim ple rule, there will be

(or should be) al ways more off sets avail able than the max i mum num ber of tools the ma chine has.  

Lathe Offsets

Tool length off set is a fea ture found on CNC ma chin ing cen ters and nor mally does not ap ply to

the CNC lathes, be cause of a dif fer ent tool and off set struc ture. Most CNC lathes use the Group A

of G-codes (XZR for ab so lute in put, UWC for in cre men tal in put) for pro gram ming and data set -

ting. For such a CNC lathe, the G10 com mand can be used to set off set data, us ing the fol low ing

program for mats (one or more axis spec i fi ca tion):

G10 P- X- Y- Z- R- Q- Absolute mode of programming

G10 P- U- V- W- C- Q- Incremental mode of programming

+ where …

G10 Programmable data input command
P Offset number to set (P + 10000 = geometry, P + 0 = wear)
X Absolute value of the offset register - X-axis
U Incremental value of the offset register - X-axis
Y Absolute value of the offset register - Y-axis (if available)
V Incremental value of the offset register - Y-axis (if available)
Z Absolute value of the offset register - Z-axis
W Incremental value of the offset register - Z-axis
R Absolute value of the offset register - tool nose radius
C Incremental value of the offset register - tool nose radius
Q Tool tip number for radius offset (imaginary tool tip number)
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P-Offset Number

Note the com ment next to the P-ad dress - the P-ad dress rep re sents ei ther the ge om e try off set

num ber or the wear off set num ber to be set. To dis tin guish be tween the ge om e try off set and the

wear off set, the ge om e try off set num ber is in creased by an ar bi trary amount of 10000:

2 P10001 ... represents the selection of geometry offset number 1

2 P10012 ... represents the selection of geometry offset number 12

If the 10000 value is not added, the P-ad dress rep re sents the num ber of the wear off set:

2 P6 ... represents the selection of wear offset number 6

2 P11 ... represents the selection of wear offset number 11

The num ber of avail able off sets de pends on the con trol sys tem. For ex am ple, Fanuc 16/18/21

con trols have up to 64 off sets avail able.

Tip Num ber Q

The imag i nary tool tip num ber (some times called the vir tual tip num ber or just tip num ber) has

been ar bi trarily de fined by Fanuc. For the rear type CNC lathes, the Fig ure 15 il lus trates the fixed 

num bers as signed to nine pos si ble tool tips:

The above tip num bers re fer only to the rear lathe type, as shown by the axis ori en ta tion sym bol.
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G10 Offset Data Settings - Turning Examples

Data setting for lathe controls has a little dif fer ent struc ture, but the con trol sys tem pro cesses it

with the same built-in logic. Typical ex am ples of off set data set ting for a CNC lathe are shown,

along with ex pected re sults. The list ing is based on the or der of in put in the pro gram:

2 Ex am ple 1:

Block N10 will clear all ge om e try off sets for G 01 group (the ge om e try off set 1 register)

N10 G10 P10001 X0 Z0 R0 Q0

Block N20 will clear all wear off sets for W 01 group (the wear off set 1 register)

N20 G10 P1 X0 Z0 R0 Q0

+ Using Q0 in G10 block will cancel BOTH tool GEOMETRY and tool WEAR tip numbers

2 Example 2:

Block N30 will set the con tents of G 01 group to X-200.0 Z-150.0 R0.8 T3. It will also

set the tool tip num ber 3 in the wear group W 01 - au to mat i cally !

N30 G10 P10001 X-200.0 Z-150.0 R0.8 Q3

2 Ex am ple 3:

Block N40 will set the wear group W 01 tool nose ra dius to the value of 0.8, while the cur rent

tool tip num ber 3 is still ac tive (not listed means not changed):

N40 G10 P1 R0.8 Cur rent tool tip num ber set ting IS as sumed

In pro fes sional pro gram ming, it is much safer to pro gram with out as sump tions of cur rent val ues 

and in clude the re quired tip num ber in the block, just in case - compare block N50 to N40:

N50 G10 P1 R0.8 Q3 Cur rent tool tip num ber set ting IS NOT as sumed

2 Example 4:

Block N60 sets the wear group W 01 to X-0.12, re gard less of its pre vi ous set ting:

N60 G10 P1 X-0.12

while the block N70 up dates the cur rent value of X-0.12 by the in cre ment of U+0.05, to the

new off set reg is ter value of X-0.07:

N70 G10 P1 U0.05
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Note that the tool tip num ber (pro grammed in the G10 ap pli ca tion as the Q en try) will al ways

change the ge om e try off set and the wear off set si mul ta neously, what ever the value or the off set

type is. There is a sim ple and very log i cal rea son for it - it is a con trol built-in safety that at tempts

to elim i nate data en try er ror (man u ally or au to mat i cally). It is im pos si ble to have a dif fer ent ge -

om e try and wear tool tip num bers for the same phys i cal tool. Data re lated to axes or the tool nose

ra dius may have dif fer ent ge om e try and wear off set val ues, be cause they re late to di men sions.  

Data Setting Check in MDI

Pro gram ming off set val ues through the stan dard or macro pro gram re quires full un der stand ing

of the data in put for mat for a par tic u lar con trol sys tem. It is too late when an in cor rect set ting

causes a dam age to the ma chine or the part. One way to make sure the off set data set ting is cor rect 

is to test it. Such a test is very easy to per form in the MDI (Man ual Data In put) mode of the con -

trol sys tem. An sin gle word or the whole block can be en tered in the MDI mode to test the in put,

be fore com mit ting the data into the pro gram. Se lect the Pro gram mode and the MDI mode at the

con trol unit, then in sert the in put data to check - for ex am ple:

G90 G10 L10 P12 R-106.475

o Press INSERT

o Press CYCLE START

To ver ify the ac cu racy of the in put, check the tool length off set H12 - it should con tain the

stored amount of -106.475. Still in the MDI mode, up date the pre set data - for ex am ple:

G91 G10 L10 P12 R-1.0

o Press INSERT

o Press CYCLE START

To ver ify the ac cu racy of the in put, check the tool length off set H12 again -it should con tain the

stored amount of -107.475.

Other tests should fol low the same process. Al ways se lect the test data and off set num bers care -

fully, so they can not cause any damage.

Programmable Parameter Entry

This sec tion cov ers yet an other as pect of pro gram ming the G10 data set ting com mand - this

time as a modal com mand. It is used to change a sys tem pa ram e ter through the stan dard or macro

pro gram. This application is some times called the ‘Write to pa ram e ter func tion’, and is not very

com mon in ev ery day pro gram ming, even in macros. Be fore you at tempt to use this method, make 

sure you fully un der stand the con cept of con trol sys tem pa ram e ters sec tion, de scribed ear lier in

this hand book - see pre vi ous chap ter for details.
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 Incorrect setting of CNC system parameters may cause irreparable damage to the machine tool

Typ i cal uses of the G10 com mand are com mon to changes of ma chine or cut ting con di tions, for 

ex am ple, spin dle speed and feed rate time con stants, pitch er ror com pen sa tion data, and oth ers.

This com mand often ap pears in the cus tom mac ros, nor mally called by the G65 com mand, and its

sole pur pose is to con trol the ma chine op er a tions. The sub ject and de tailed ex pla na tion of the Cus -

tom Mac ros and their struc ture is cov ered in the next chap ter - G10 is just a small item of the ba sic 

knowl edge be fore us ing mac ros.

Modal G10 Command

When the G10 com mand for the off set data set ting was first in tro duced in this chap ter, it had to

be re peated in each block, if a se ries of set ting were re quired. By def i ni tion, G10 data set ting

com mand for the en try of off sets can only be used as a non-modal com mand. Mod ern Fanuc con -

trols also al low to do an other type of data change through the pro gram - the change of the CNC

sys tem pa ram e ters.

With out the ma chine user even know ing, many pro gram en tries are au to mat i cally con verted to

var i ous sys tem pa ram e ters by the con trol unit. For ex am ple, if the pro gram con tains G54 work

off set, its cur rent set ting can be found on the work off set screen. This dis play is for the op er a tor's

con ve nience only - the ac tual stor age of the off set amount takes place in a sys tem pa ram e ter, iden -

ti fied by a pa ram e ter num ber, as as signed by Fanuc. Even if the G54 set ting is changed man u ally, 

through the off set screen, or through a pa ram e ter change (us ing the proper pa ram e ter num ber), it

is al ways stored in the sys tem pa ram e ter. Some pa ram e ters can not be changed as eas ily - some

can not be changed at all - the modal G10 com mand can be very use ful for chang ing sev eral pa -

ram e ters at the same time. In fact, to achieve this goal, two re lated com mands are re quired - G10

to start the set tings and G11 to can cel the set tings:

G10 L50 Selecting parameter setting mode ON

... Data setting single block or a series of blocks (typical use)

G11 Selecting parameter setting mode OFF

The data set ting block for a pro gram ma ble pa ram e ter set ting has three en tries:

G10 L50

N.. P.. R.. Data setting block - more than one block is allowed between G10 and G11

G11

+ where …

G10 Data setting mode - ON
L50 Programmable parameter entry mode (fixed)
N.. P.. R.. Data entry specification (N=parameter number, P=axis number, R=setting value)
G11 Data setting mode - OFF (cancel)

Be tween the G10 L50 and G11 blocks is the list of pa ram e ters to be set, one per block. The pa -

ram e ter num ber uses the N-ad dress and the data uses P and R ad dress re spec tively.
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N-address in G10 L50 Mode

The first of the three ad dresses, the N-ad dress iden ti fies the pa ram e ter num ber to be changed.

Not all pa ram e ters can be changed. Fanuc pro vides Pa ram e ter Man ual for ev ery con trol model

avail able, list ing all pa ram e ters and their var i ous states. Ex am ples of typ i cal ap pli ca tion of the

N-ad dress (as well as the P and R ad dresses) are de scribed in the next sec tion.

P-address in G10 L50 Mode

The P-ad dress is used only for pa ram e ters re lat ing to one of the four avail able axis in puts:

o Bit axis

o Byte axis

o Word axis

o Two-word axis

If the pa ram e ter does not re late to an axis, the P-ad dress is re dun dant and does not have to be

pro grammed in the block. If more than one axis is re quired to be set at the same time, use mul ti ple 

N.. P.. R.. en tries be tween G10 and G11 (see ex am ples fur ther in this chap ter).

R-address in G10 L50 Mode

The ad dress R in the G10 L50 mode con tains the new value to be reg is tered into the se lected

pa ram e ter num ber and must al ways be en tered (no de faults). The valid range listed above must al -

ways be ob served. The R-ad dress may also de fine pitch er ror data. Note the lack of dec i mal points 

in all ex am ples shown.

Program Portability

Pro gram por ta bil ity re fers to the struc ture and con tents of a pro gram as it re lates to its ap pli ca -

tion on dif fer ent ma chines and/or con trol sys tems. CNC pro grams con tain ing even a sin gle pro -

gram ma ble pa ram e ter en try should be used only with the ma chine tool and con trol unit for which

they were de signed. Use ex treme care be fore using such a pro gram on different ma chines.

Pa ram e ter num bers and their mean ing on dif fer ent con trol mod els are not al ways the same, so

the ex act model and its pa ram e ter num bers must be known dur ing the pro gram development. For

ex am ple, on Fanuc 15 con trol, the pa ram e ter con trol ling the mean ing of an ad dress with out a dec -

i mal point is #2400 (Bit #0). The pa ram e ter that con trols the same set ting on Fanuc 16/18/21

con trol mod els is #3401 (Bit #0) - 0=the least in put in cre ment is as sumed, 1=the ap pli ca ble unit 

is as sumed. 

The fol low ing ex am ples il lus trate var i ous pro gram ma ble pa ram e ter en tries and have been tested 

on a Fanuc 16B con trol - both lathe and mill ver sions. The se lected pa ram e ters are used for il lus -

tra tion only, not nec es sar ily as typ i cal ap pli ca tions or even com mon applications.

Test ing these pa ram e ters on your ma chine is gen er ally not rec om mended be cause of their po ten -

tially harm ful na ture.
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2 Example 1 :

This ex am ple changes the baud rate set ting of the In put/Out put de vice (RS-232 in ter face), if the

I/O Chan nel is set to 0:

G10 L50
N0103 R10
G11

Pa ram e ter that con trols the baud rate set ting for a se lected de vice has a num ber #103, iden ti -

fied as N0103 in the above ex am ple. Baud rate spec i fies the speed of pro gram data trans fer rate in

char ac ters per sec ond (cps). From a ta ble sup plied in the Fanuc op er a tion ref er ence man ual, the

re quired R-value can be en tered within the spec i fied range - range of 1 to 12 se lec tions is shown:   

  1:     50 baud  5:    200 baud   9:   2400 baud

  2:    100 baud  6:    300 baud  10:   4800 baud

3:    110 baud  7:    600 baud  11:   9600 baud

  4:    150 baud  8:   1200 baud  12:  19200 baud

In the above ex am ple, the baud rate set ting of 4800 char ac ters per sec ond has been se lected, be -

cause R10 in the sam ple block re fers to the se lec tion num ber 10. This type of baud rate set ting is

fairly com mon, and when work ing with sev eral ma chine tools, it should also be the com mon set -

ting for all CNC ma chine tools in the shop that re quire the RS-232C in ter face for pro gram up -

loading and down loading (DNC). Al ways choose the fast est baud rate that guar an tees 100%

trans fer ac cu racy of the CNC pro gram or other set tings be tween the CNC sys tem and an ex ter nal

com puter. Note ab sence of the P-ad dress - as the pa ram e ter #103 does not re late to a ma chine

axis, the P-ad dress is not re quired.

2 Example 2 :

In an other ex am ple, pa ram e ter #5130 con trols the chamfering dis tance for thread cut ting cy -

cles G92 and G76 (lathe con trols only). The data type is a non-axis byte, unit if the data is 0.1 of a 

pitch and the range is 0 to 127.

G10 L50
N5130 R1
G11

This pro gram seg ment will change the pa ram e ter #5130 to 1. It does not mat ter what the cur -

rent set ting is, it will be come 1 or re mains as 1, if that hap pens to be the cur rent value. The

chamfering amount will be equiv a lent to one pitch of the thread, in the in cre ments of 0.1 pitch. As 

a re minder, do not con fuse a byte with a bit - byte is a value 0 to 127 or 0 to 255 for the byte axis

type, bit is a cer tain state only (0 or 1, OFF or ON, DISABLED or ENABLED, Open or Closed,

etc.); i.e., se lec tion of one of two op tions avail able.
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2 Example 3 :

An other ex am ple of a sys tem pa ram e ter change is for the en try of a two-word pa ram e ter type

(long in te ger). It will change the work co or di nate off set G54 to X-250.000:

G90
G10 L50
N1221 P1 R-250000
G11

This is an other method, one that dif fers from the one de scribed ear lier. Pa ram e ter #1221 con -

trols the G54, #1222 con trols the G55, and so on. P1 re fers to the X-axis, P2 re fers to the

Y-axis, and so on, up to 8 axes. Be cause the valid range of a long in te ger (two-word type) is re -

quired, a dec i mal point can not be used. Since the set ting is in met ric sys tem, and one mi cron

(0.001 mm) is the least in cre ment, the value of -250.000 will be en tered as -250000. Be care ful

with the in put of ze ros - one zero too many or one zero too few could cause a ma jor prob lem.

Speak ing from ex pe ri ence, this type of er ror is not al ways easy to dis cover. The fol low ing ver sion 

of the ex am ple is NOT cor rect, and will re sult in an er ror:

G90
G10 L50

N1221 P1 R-250.0 Decimal point is not allowed in the R-address

G11

Cor rect in put is with out the dec i mal point, as R-250000. An er ror con di tion (con trol alarm) will 

also be gen er ated if the P-ad dress is not spec i fied. For ex am ple,

G90
G10 L50
N1221 R-250000
G11

will gen er ate an er ror con di tion (alarm) - the pa ram e ter P is miss ing.

2 Example 4 :

The last ex am ple is sim i lar to the pre vi ous one, but mod i fied for two axes val ues:

G90
G10 L50
N1221 P1 R-250000
N1221 P2 R-175000
G11

If this ex am ple is used on a lathe con trol, the ad dress P1 is the X-axis, the ad dress P2 is the

Z-axis. On a ma chin ing cen ter, the ad dress P1 is the X-axis, the ad dress P2 is the Y-axis, and the

ad dress P3 will be the Z-axis, if re quired. In ei ther case, the first two axes of the G54 set ting will

be -250.0 (X) and -175.0 (Y) re spec tively.
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Setting Machine Axes to Zero

Some times it is nec es sary to set all avail able axes in the work off set to zero. This may be done

with the stan dard off set set ting - the three ba sic axes shown:

G90 G10 L2 P1 X0 Y0 Z0 Application for a milling control

the same set ting an also be writ ten di rectly to a pa ram e ter, also as ap plied to a mill ing con trol:

G90
G10 L50
N1221 P1 R0       (SET G54 X-COORDINATE TO 0)
N1221 P2 R0       (SET G54 Y-COORDINATE TO 0)
N1221 P3 R0       (SET G54 Z-COORDINATE TO 0)
G11

Note the dif fer ence in pro gram ming for mat for the two meth ods.

Bit Type Parameter Example

The fol low ing ex am ple has been al ready men tioned ear lier, al beit briefly. It is quite harm less,

and may be used as a test (as long as you are care ful about set tings for other pa ram e ters). Its pur -

pose is to set au to matic block se quenc ing ON (for ex am ple, N1, N2, N3, ...), when keyboarding a 

CNC pro gram at the con trol. It also serves as a good il lus tra tion of a bit-type pa ram e ter and some

gen eral thoughts and con sid er ations that go into the pro gram prep a ra tion that in cludes pro gram -

ma ble pa ram e ter en try mode.

On Fanuc 16/18/21 (and many of the other mod els as well) is a fea ture that al lows au to matic en -

try of se quence num bers, if the pro gram is en tered from the key board. This fea ture is in tended as

a time sav ing de vice for man ual en try of pro gram data. In or der to en able this fea ture, the pa ram e -

ter that con trols the ON/OFF sta tus of the fea ture has to be known and se lected. On Fanuc mod els

16/18/21 (Model B), it is the pa ram e ter num ber 0000 (same as 0).

This is a bit-type pa ram e ter (not a byte-type), which means it only con tains eight bits. Each bit

has its own mean ing. Bit #5 (SEQ) con trols the state of the au to matic se quence num ber ing (ON or 

OFF is the same as 1 or 0, but only a num ber may be input). An in di vid ual bit can not be

programmed, the sin gle data num ber of all eight bits must be specified. That means all the other

bits have to be known in or der to change only a sin gle one. In this ex am ple, the cur rent set ting of

pa ram e ter 0 is listed in eight in de pend ent bits, four with as signed meaning:

SEQ INI ISO TVC

0000 #7 #6 #5 #4 #3 #2 #1 #0

0 0 0 0 1 0 1 0

The mean ing of other pa ram e ters is ir rel e vant for the ex am ple, al though im por tant in the con -

trol for other op er a tions. The bit #5 is set to 0, which means the au to matic block num ber ing is

dis abled. Re mem ber the num ber ing of the pa ram e ter bits - from right to left, start ing at 0.
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The fol low ing ex am ple of a pro gram seg ment is an en try that will turn ON the bit #5 of the pa -

ram e ter #0000, with out chang ing the other bits:

G10 L50
N0 R00101010
G11

The re sult ing en try in the pa ram e ter screen will re flect that change:

SEQ INI ISO TVC

0000 #7 #6 #5 #4 #3 #2 #1 #0

0 0 1 0 1 0 1 0

 Note that all bits had to be writ ten. Even if it looks that way, the job is not done yet. Fanuc con -

trols of fer an ad di tional fea ture - the in cre ment amount for the num ber ing can also be se lected, for 

ex am ple, se lec tion of 10 will use N10, N20, N30 en tries, se lec tion of 1 will use N1, N2, N3, and

so on. For the ex am ple, we will se lect the in cre ment of 5, to ap pear as N5, N10, N15, etc., on the 

con trol screen. The in cre ment has to be set in the con trol - yes, by an other pa ram e ter num ber. On

Fanuc 16/18/21, the pa ram e ter num ber that con tains the au to matic num ber ing value is #3216.

This is a word type pa ram e ter, and the valid range is 0 to 9999. This pa ram e ter can only be ac ti -

vated by set ting the bit #5 in pa ram e ter 0000 to 1. Pro gram seg ment will look like this:

G10 L50
N3216 R5
G11

These ex am ples demonstrate how some pa ram e ters are con nected. All is done in quite a log i cal

and sim ple way, but it does take a lit tle time to get used to it. Once these set tings are com pleted,

there is no need to en ter block num bers in any pro gram that is en tered via the con trol panel key -

board, usu ally in the Pro gram mode. Any time the End-Of-Block key (EOB) is pressed, the

N-number will ap pear au to mat i cally, in the in cre ments of 5, sav ing the keyboarding time dur ing

man ual pro gram in put.

The idea be hind the G10 be ing modal in the pro gram ma ble pa ram e ter en try mode is that more

than one pa ram e ter can be set as a group. Since the two pa ram e ters in the ex am ple are log i cally

con nected, it makes sense to cre ate a sin gle pro gram seg ment, with the same fi nal re sults as the

two smaller pro gram seg ments de scribed ear lier:

G10 L50
N0000 R00101010
N3216 R5
G11

As nei ther pa ram e ter is the axis-type, the ad dress P was not needed, there fore, it was omit ted.

The N0000 is the same as N0, and was used only for better leg i bil ity.
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Differences Between Control Models

Al though the model num bers do not in di cate it, Fanuc 15 sys tem is a higher con trol level than

the Fanuc 16/18/21 sys tems. On Fanuc 15, the pa ram e ter num ber that se lects whether the au to -

matic se quenc ing will en abled is #0010, bit #1 (SQN).

Be ing a higher con trol, there is also more flex i bil ity on Fanuc 15 - for ex am ple, the ini tial se -

quence num ber can be con trolled with pa ram e ter #0031 (there is no equiv a lent on Fanuc

16/18/21 model), and the pa ram e ter num ber that stores the in cre ment amount is #0032, with the

same pro gram en try styles as al ready shown. Also, on Fanuc sys tem 15, the al low able range of

se quence num bers is higher up to 99999.

This is a typ i cal ex am ple of a dif fer ence be tween two sim i lar con trols, even from the same con -

trol man u fac turer.

Effect of Block Numbers

Many CNC pro grams in clude block num bers, iden ti fied by the ad dress N. It would be per fectly

nat u ral to as sign block num bers to the last ex am ple. Af ter all, en try of data is a valid CNC pro -

gram seg ment - for ex am ple:

. . .
N121 G10 L50
N122 N0000 R00101010
N123 N3216 R5
N124 G11
. . .

Will the pro gram work as shown? One of the ba sic rules of block se quenc ing is that only one

N-address can be in a block, as the first address. What do you think? Will it work?

There are now two dif fer ent N-ad dresses in the blocks N122 and N123. How does the con trol

han dle this sit u a tion? Rest easy - there will be no con flict what so ever!

In case of two N-ad dresses in a sin gle block be tween G10 and G11, the first N-ad dress is al -

ways the block num ber (ba sic rule), the sec ond N-ad dress in the same block is the pa ram e ter num -

ber. The con trol sys tem can in ter pret the ap par ent dis crep ancy with out a prob lem. If there is only

one N-ad dress be tween G10 and G11 blocks, it al ways ap plies to the pa ram e ter num ber. If there

are two N-ad dresses in the block, the first one is the block num ber, the sec ond one is the system

pa ram e ter num ber.

Block Skip

Nor mal block skip sym bol (/) can be used to con trol data blocks processing, but be care ful

when this func tion is used in mac ros, par tic u larly if the con trol al lows block skip func tion in the

mid dle of a block. See Chap ter 24 for de tails.
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MACRO STRUCTURE

De vel op ing macro pro grams is not much dif fer ent from de vel op ment of stan dard CNC pro -

grams, at least not in the gen eral ap proach. Be fore macro pro grams can de vel oped, study

carefully the many ‘tools of the trade’ and ask a ques tion - what fea tures do we work with?

Macros have the po ten tial of be ing ex tremely pow er ful and flex i ble. Macros can also shorten the

pro gram ming time by many hours, lit er ally. Yet, in spite of their great pos si bil i ties, mac ros are

of ten the ‘for got ten gems’ avail able for CNC pro gram ming. Many com pa nies do have macro ca -

pa bil i ties, but avoid ing them, con sid er ing them too dif fi cult and time consuming.

Macro tools in clude many func tions, tech niques and pro ce dures. Cus tom macro can not be clas -

si fied as a true pro gram ming lan guage, but macros do share many el e ments with lan guages such

as Vi sual Ba sic™, C++™, Lisp™, and many oth ers, in clud ing the de riv a tives of the ‘early’ lan -

guages, such as Pascal. The most im por tant tool for the start is to know the for mat of the macro,

and its con tents. When these two fea tures are con sid ered to gether, in the proper se quen tial or der,

we are talk ing about the macro structure.

Basic Tools

Ev ery CNC pro gram ming tech nique that a typ i cal part pro gram mer has already learned can be - 

and are - used in mac ros and macro de vel op ment. An in-depth knowl edge of CNC pro gram ming,

com bined with a good prac ti cal ex pe ri ence (even ma chin ing helps), is an es sen tial re quire ment to

learn ing mac ros and learn ing them right from the be gin ning. Many pro gram ming aids not found

in standard CNC pro gram ming are also avail able in mac ros, but they en hance and ex tend the

traditional pro gram ming meth ods - they do not re place them.

There are three ba sic ar eas to un der stand for suc cess ful macro de vel op ment:

u Variables ... three types of data

u Func tions and Con stants ... math e mat i cal cal cu la tions

u Logical Functions ... loops and branches

These three fea ture ar eas of fer many pow er ful spe cial func tions that are used within the body of

a macro, which is very sim i lar to a body of a subprogram, ex cept stan dard subprograms can not

use vari able data, whereby mac ros can (and do so very ex ten sively).

Just like a subprogram, a macro by it self is not much of a use - it has to be in ter wo ven (in ter -

faced) with an other pro gram, called from an other pro gram, by a pre vi ously as signed pro gram

num ber. The ad dress (let ter) O is used to store the macro pro grams, the ad dress (let ter) P is used

to call it, ap ply ing the same logic as for subprograms.
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Variables

Vari ables are the most no tice able fea ture in mac ros. They are the heart and soul of all mac ros.

Vari ables give mac ros the nec es sary flex i bil ity, by be ing what they are - stor age units for data

that con stantly changes - the so called vari able data. The name ‘vari able’ is sug ges tive enough -

vari ables are stor age ar eas in the con trol sys tem that can hold a cer tain sup plied value. When a

value is as signed to a vari able, it is stored there for fu ture use. Stored val ues are called the de fined 

val ues, or de fined vari ables.

In mac ros, vari ables can be used in stead of real val ues and they can be acted upon, for ex am ple, 

by add ing two vari ables to gether, to get yet an other value. The pos si bil i ties are enor mous and

greatly de pend on the skill of the part pro gram mer - or the macro pro gram mer.

Functions and Constants

There is a sig nif i cant num ber of func tions avail able for mac ros. Func tions are pro gram fea tures

that cal cu late some thing - they solve a math e mat i cal cal cu la tion or a for mula. For ex am ple, a +

(plus) func tion will sum two or more val ues to gether. The SQRT func tion will cal cu late the square 

root of a given num ber. Many other func tions are avail able, for arith me tic, al ge braic, trig o no met -

ric, and many other cal cu la tions.

In ad di tion to func tions, con stants can be de fined in a macro as well, for ex am ple the p con stant

with the value of 3.14159265359....

Logical Functions

Log i cal func tions - also known as log i cal op er a tors - are used in a macro pro gram for loop ing

and branch ing pur poses, some times called a di ver gence. Loop ing and branch ing means a change

in the pro gram flow that is based on - and de pend ent on - a cer tain con di tion that has been pre vi -

ously de fined.

We are quite fa mil iar with the con cept of log i cal op er a tors in ev ery day life, we just don’t call

them that. In Eng lish lan guage, there is a short word 'if'. We use it very fre quently to pres ent a

cer tain state ment based on a con di tional sit u a tion. For ex am ple, we may say, “If I have time, I will 

visit you”. That state ment means that I can only visit you, if I have time, oth er wise, it will not be

pos si ble, and I can not visit you at all. These out comes are con di tional. The 'if' word im plies a

choice based on the re sult of a cer tain con di tion.

In mac ros, there are two func tions that are used with a given con di tion. The given con di tion

may be checked (some pro gram mers may say ‘tested’ or ‘eval u ated’) on sev eral grounds, us ing

the com par i son op er a tors, such as 'greater than', 'equal to', 'less than or equal to', and sev eral

oth ers, used to gether with the 'if' func tion. These op er a tors are called the Boolean op er a tors,

named af ter their in ven tor George Boole (1815-1864), an Eng lish math e ma ti cian. They are also

called the log i cal op er a tors. The given con di tion can be eval u ated (tested) only once, us ing the 'if'

check. It may also be eval u ated many times, pro gres sively, us ing a loop func tion 'while' the given 

con di tion is true - which means 'as long as' the con di tion is true). The re sult of the eval u a tion will 

de ter mine fur ther flow of the pro gram.
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Defining and Calling Macros

In es sence, a macro is a much more so phis ti cated subprogram. From that view point, it is fair to

make a com par i son be tween a reg u lar subprogram and a typ i cal macro. There are al ways at least

two in di vid ual pro grams in volved in this type of pro gram ming en vi ron ment - the main pro gram

and the subprogram. This is also true for macros - there is the main pro gram and the macro pro -

gram. In both cases, the main pro gram calls the subprogram or the macro, by its num ber, which

makes the subprogram or the macro pro gram sub ser vi ent to the higher level pro gram that calls it.

Just like a subprogram, a macro can be called not only by the main pro gram (the pro gram at the

top), but also by any other subprogram or macro as well, up to a four-level depth. As ex pected,

certain struc tures must be ob served. In all cases, the subprogram or the macro con tains spe cially

se lected re pet i tive data, such a con tour ing toolpath or a spe cific hole pat tern, and in all cases these 

data are stored as sep a rate pro grams, un der their own unique pro gram num bers.

The sin gle ma jor dif fer ence be tween a subprogram and a macro is the flex i bil ity of the in put

data. Subprograms al ways use fixed data, these are val ues that can not change. Macros use flex i ble

data, us ing vari able val ues, that can be changed (de fined or re de fined) very quickly. Of course,

mac ros may use fixed data as well, but that is not their main pur pose.

Macro Definition

Struc turally, de fin ing a macro is a very sim i lar to de fin ing a subprogram. In both cases, the pro -

gram is as signed a pro gram num ber. In its body, the re pet i tive data are stored and ac ces si ble un -

der that num ber from the con trol system mem ory. In this re spect, all rules of a subprogram

def i ni tion have to be fol lowed in a macro def i ni tion.

What is dif fer ent in the macro pro gram de vel op ment, are the vari able def i ni tions, func tions and

log i cal con di tions. Vari able def i ni tions use vari ables to store var i ous data. Vari ables are tem po -

rary stor age ar eas of the con trol sys tem mem ory - in the macro body they are de fined with a spe -

cial sym bol - the # sign. Even at their sim plest level, mac ros will use vari ables, there fore they

will use the # sym bol. The up com ing chap ters of fer a lot more in for ma tion and de tails.

Variables are the single most important key to macro programming

Macro Call

Vi sually, the ma jor dif fer ence be tween call ing a subprogram and call ing a macro is de fined by

the pro gram ming for mat. Logically, both calls are the same and serve the same gen eral pur pose.

In both cases, a pre vi ously stored pro gram (a subprogram or a macro) is re trieved from the con -

trol stor age area by a spe cific pro gram code:

M98 P---- Calls a subprogram P---- (additional data are not normally required)

G65 P---- Calls a macro P---- (additional data are normally required)
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Fanuc con trol sys tem pro vides a G-code (pre pa ra tory com mand) to call a pre vi ously de fined

macro rather than a mis cel la neous func tion M used for subprograms. This com mand is G65, and

rep re sents the call of a macro pro gram by its stored num ber, sup ple mented by ad di tional data.

The fol low ing struc ture ex am ples il lus trate the dif fer ences:

2 Example 1 - Main program and a SUBPROGRAM :

O0004 (MAIN PROGRAM)

N1 G21 Startup block

N2 …
...

N15 M98 P8001 Call stored subprogram O8001

N16 …
...

N52 M30 End of main program

%

O8001 (SUBPROGRAM)
N1 …
N2 …
...

N14 M99 End of subprogram

%

2 Example 2 - Main program and a MACRO :

O0005 (MAIN PROGRAM)

N1 G21 Startup block

N2 …
...

N15 G65 P8002 F150.0 Macro call of O8002 with the F argument (= variable #9)

N16 …
...

N52 M30 End of main program

%

O8002 (MACRO)
N1 …
N2 …
...

N8 G01 X150.0 Y200.0 F#9 Variable #9 applied to feedrate

. . . 

N14 M99 End of macro program

%

The two ex am ples are in cluded only to show the dif fer ences in struc ture. Note, that the macro

ex am ple con tains two new types of data, data that has no equiv a lent in a subprogram - one called

vari ables, the other called ar gu ments.
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Arguments

The data de fined with the macro call, that is with the G65 P- com mand, are called ar gu ments.

Ar gu ments con tain the ac tual pro gram val ues re quired for a par tic u lar macro ap pli ca tion only.

They are al ways passed to the macro it self. Vari able data in the macro are re placed with the sup -

plied ar gu ments and the toolpath or other ac tiv ity is based on the cur rent def i ni tions (arguments)

passed to the macro.

A typ i cal pro gram sam ple of a G65 macro us ing three ar gu ments will have the fol low ing

schematic for mat:

 G65 P- L- <ARGUMENTS> 

+ where …

G65 Macro call command
P- Program number containing the macro (stored as O----)
L- Number of macro repetitions (L1 is assumed as a default)
ARGUMENTS Definition of local variables to be passed to the macro

An ac tual sam ple pro gram macro call may be de fined as:

G65 P8003 H6 A30.0 F150.0

+ where …

G65 Macro call command
P1234 Program number containing the macro (stored as O8003)
H6 Assignment of local variable H (#11) argument to be passed to the macro O8003
A30.0 Assignment of local variable A (#1) argument to be passed to the macro O8003
F150.0 Assignment of local variable F (#9) argument to be passed to the macro O8003

As sign ments of vari ables is a sep a rate sub ject cov ered in a sep a rate chap ter. An as sign ment sim -

ply means giv ing the vari able a value re quired at the time of call. From the ex am ple, it is ev i dent

that cus tom macro call G65 is only sim i lar to, but def i nitely not the same as, the subprogram call

M98. When two dif fer ent calls (M98 and G65) of a pre vi ously stored re pet i tive pro gram are com -

pared, there are sev eral very im por tant dif fer ences:

u In the G65 command, argument is passed to the macro in the form of variable

data. In M98 only the subprogram can be called. No data passing is possible

u In a subprogram call M98, the block may include another data (i.e., a motion to a

tool location). In this case, the processing can be stopped in a single block

mode. This is not possible in the G65 mode

u In a subprogram call M98, the block may include another data (i.e., a motion to a

tool location). In this case, the processing of the macro starts only after the

‘other data’ is completed. The G65 command calls a macro unconditionally

u Local variables are not changed with M98 but they are changed with G65
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Vi sual Rep re sen ta tion

Fig ure 16 shows a sche matic rep re sen ta tion of a macro def i ni tion and a macro call. Note that

the gen eral struc ture is iden ti cal with the one shown ear lier (Fig ure 4) - a sin gle level subprogram

nest ing struc ture.

In the main CNC pro gram, the macro call com mand G65 P8001 re trieves pre vi ously stored

macro O8001 and passes two ar gu ments to the macro - ar gu ment A and ar gu ment B. Ar gu ment A

passes the cur rent value of 120.0 to the macro O8001, ar gu ment B passes the cur rent value of

80.0 to the same macro.

Ar gu ments A and B have fixed vari able num bers as signed to them (see Chap ter 8 for de tails).

By def i ni tion, vari able #1 is as signed to ar gu ment A, vari able #2 is as signed to ar gu ment B.

When ei ther vari able is called in the macro body, it will be re placed by the value as signed in that

ar gu ment. In the case il lus trated, the macro block G00 X#1 Y#2 will be in ter preted as G00

X120.0 Y80.0. In this case, the ar gu ments rep re sent tool mo tion as a lo ca tion or dis tance, but

could have hun dreds of other mean ings. The 'se cret' of mac ros is that while the ar gu ments in the

macro call will change from job to job, the macro re mains the same. For ex am ple, if the ar gu ment 

is changed to G65 P8001 A200.0 B150.0, the rapid mo tion block in the macro will be in ter -

preted as G00 X200.0 Y150.0.

This short il lus tra tion does not ex plain all de tails, but should serve as the first step to full and

com plete un der stand ing of macro con cepts and their development.

In re gards to the macro def i ni tion, one may ask where the pro gram num ber O8001 came from.

Is it a man da tory num ber? Why this num ber and not other? These, and many ques tions need some

ex pla na tion, which is pro vided in the next sec tion. It is im por tant to keep in mind that all CNC

pro grams (subprograms and mac ros in cluded) may use any num ber within the pro vided range

(O0001 to O9999 or O00001 to O99999). So the first ques tion can be an swered neg a tively. No,

this num ber is not man da tory. To an swer the sec ond ques tion ad di tional knowl edge is re quired. In 

short, Fanuc con trols pro vide a se lected range of pro gram num bers that can have im por tant at trib -

utes at tached to them, for ex am ple, whether they can be ed ited or de leted. Se lect ing macro pro -

gram num ber O8001 se lects a pro gram num ber that be long to such a range.
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Macro Program Numbers

Al though any 1 to 4 digit num ber within a range of O0001 to O9999 can be as signed as a macro

pro gram num ber, cer tain ranges can be ma nip u lated to pro vide use ful ben e fits. By def i ni tion,

Fanuc pro grams can be sep a rated into the fol low ing pro gram num ber groups:                       

Program Number Range Description

O0001  to  O7999 Standard program numbers (typically for the main programs)

O8000  to  O8999
Macro program number Group 1
Can be locked by a setting

O9000  to  O9049
Macro program numbers for special applications
Can be locked by a parameter
(used with G, M, S, and T functions)

O9000  to  O9999
Macro program number Group 2
Can be locked by a parameter

There are sev eral good rea sons why mac ros de serve spe cial con sid er ation and or der when

macro pro gram sys tem is considered. By se lect ing a macro pro gram num ber from within a par tic -

u lar range, cer tain ben e fits be come ev i dent, as shown in the ta ble and ex plained in more de tail.

Macro Pro gram Pro tec tion

The ma jor ity of stan dard CNC pro grams do not need pro tec tion of any kind. When the word

pro tec tion is ap plied to these pro grams, it means one or both of the fol low ing at trib utes can be as -

so ci ated with the pro gram num ber:

o Visibility of the pro gram on the control screen (pro gram di rec tory display)

o Ed it ing of the pro gram contents (also in clud ing pro gram de le tion)

Macro pro grams need pro tec tion more than subprograms, and subprograms need more pro tec -

tion than the stan dard pro grams. When plan ning a macro pro gram, it is im por tant to un der stand

the dif fer ence be tween the pro gram num ber se lec tion, par tic u larly in the avail able range of O8000 

to O9999.

Set ting Def i ni tions

In or der to se lect any level of pro tec tion, the ac tual set ting of an ap pro pri ate pa ram e ter must be

known and con trolled. Since all set tings re lat ing to pro tec tion of pro grams are of the bit type, they 

can only have a set value of 0 or 1. In this re spect, some us ers may ex pe ri ence dif fi culty in the ac -

tual in ter pre ta tion as pro vided in a Fanuc Pa ram e ter Man ual.
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Pa ram e ter set tings of the bit type al ways de fine one of two pos si ble states - never more and

never less. When we ap ply these states to the ed it ing and displaying pro gram num bers, only two

pos si bil i ties ex ist for each set tings:

o Pro gram editing is ALLOWED  ... or ...

o Pro gram editing is NOT ALLOWED

o Pro gram display during execution is ALLOWED  ... or ...

o Pro gram display during execution is NOT ALLOWED

In their man u als, Fanuc used ex pres sions such as per mit ted, pro hib ited, per formed, in hib ited,

pro tected, all along with their op po sites. There is noth ing wrong with these ex pres sions, ex cept

when used at ran dom, they hardly pro vide con ve nience, easy in ter pre ta tion or con sis tency - and

they fail to pro vide user's con fi dence. The de scrip tion of each pro gram num ber range that fol lows 

will use con sis tent and easy to un der stand ex pres sions.

Program Numbers - Range O0001 to O7999

Stan dard pro grams (even subprograms) can be stored in the con trol sys tem un der any le git i mate 

pro gram num ber, within the pro gram num ber range of O0001 to O7999. These pro grams can be

dis played and viewed at will, they can be reg is tered into the sys tem mem ory with out re stric tions,

and they can be ed ited at will at any time, also with out any re stric tions.

If us ing mac ros, re strict standard program numbers within the range of O0001 to O7999

Program Numbers - Range O8000 to O8999

Two groups of pro gram num bers are re stricted by a pa ram e ter set ting. The first group (Group

1) is in the range of pro gram num bers O8000 to O8999. It cov ers pro grams within the range of

O8000 to O8999 only. Pro grams us ing num bers from Group 1 can not be ed ited, reg is tered, or de -

leted, with out a pa ram e ter set ting. The pa ram e ter ac cess num ber de pends on the con trol sys tem:   

Parameters related to EDITING - O8000-O8999 program range

Control System Parameter Bit Bit ID Setting

Fanuc 0 #0389 #2 PRG8
0 = Program editing is ALLOWED

1 = Program editing is NOT ALLOWED

Fanuc 10/11/15 #0011 #0 NE8
0 = Program editing is ALLOWED

1 = Program editing is NOT ALLOWED

Fanuc 16/18/21 #3202 #0 NE8
0 = Program editing and display  is ALLOWED*

1 = Program editing and display  is NOT ALLOWED*
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Parameters related to DISPLAY - O8000-O8999 program range

Control System Parameter Bit Bit ID Setting

Fanuc 0 n/a n/a n/a 0 = n/a 1 = n/a (not available)

Fanuc 10/11/15 #0011 #1 ND8
0 = Program display during execution is ALLOWED

1 = Program display during execution is NOT ALLOWED

Fanuc 16/18/21 #3202 #0 NE8
0 = Program editing and display  is ALLOWED*

1 = Program editing and display  is NOT ALLOWED*

Program Numbers - Range O9000 to O9999

The sec ond group is named Group 2. It cov ers the range of pro gram num bers O9000 to O9999 

only. Pro grams us ing num bers from Group 2 can not be ed ited, reg is tered, or de leted, with out a

pa ram e ter set ting. Again, the pa ram e ter ac cess num ber de pends on the con trol sys tem:

Parameters related to EDITING - O9000-O9999 program range

Control System Parameter Bit Bit ID Setting

Fanuc 0 #0010 #4 PRG9
0 = Program editing is ALLOWED

1 = Program editing is NOT ALLOWED

Fanuc 10/11/15 #2201 #0 NE9
0 = Program editing is ALLOWED

1 = Program editing is NOT ALLOWED

Fanuc 16/18/21 #3202 #4 NE9
0 = Program editing and display  is ALLOWED**

1 = Program editing and display  is NOT ALLOWED**

Parameters related to DISPLAY - O9000-O9999 program range

Control System Parameter Bit Bit ID Setting

Fanuc 0 n/a n/a n/a 0 = n/a 1 = n/a (not available)

Fanuc 10/11/15 #2201 #1 ND9
0 = Program display during execution is ALLOWED

1 = Program display during execution is NOT ALLOWED

Fanuc 16/18/21 #3202 #4 NE9
0 = Program editing and display  is ALLOWED**

1 = Program editing and display  is NOT ALLOWED**

NOTE:  Dis play = Dis play dur ing ex e cu tion,  * and ** iden tify the same set tings for ed it ing and dis play
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Program Numbers - Range O9000 to O9049

Within the Group 2 is a small sub group, iden ti fy ing a small se lec tion of pro gram num bers be -

tween O9000 and O9049. This range is used for spe cial type of mac ros - those that are de signed to 

de fine a new G-code, M-code, S-code or T-code.

As a sub ject, the cre ation of new G-codes, M-codes, S-codes or T-codes, is rather ad vanced at

this point, and even a sea soned macro pro gram mer does not al ways need these ad vanced pro gram -

ming meth ods. How ever, it is very im por tant to es tab lish a cer tain method in as sign ing macro

pro gram num bers right from the be gin ning, even if it is for cat a logu ing pur poses only.

It is al ways a good prac tice to as sign all mac ros the 8000 or even the 9000 se ries of num bers, so 

they can be locked and pro tected against ac ci den tal ed it ing and de le tion.

Difference Between the O8000 and O9000 Program Numbers

Looking at the def i ni tions of pro gram num bers care fully, it is easy to no tice that both Group 1

and Group 2 have the same re stric tions. In ei ther group, pro grams us ing num bers from that par -

tic u lar group can not be ed ited, reg is tered, or de leted, with out a pa ram e ter set ting. So what are the 

unique dif fer ences be tween them?

The most sig nif i cant dif fer ence is in the method of how the re stric tions are ac ti vated - which pa -

ram e ters are used. Fanuc sys tem 15 is a higher level con trol then Fanuc 16/18/21 or Fanuc 0. In

most cases, the dif fer ence be tween the var i ous sys tems is the flex i bil ity and con ve nience of the pa -

ram e ter set tings, rather than particular fea tures or func tion al ity.

Of ten, the main dif fer ence in the ease of set ting. Fanuc dis tin guishes two ways of set ting a sys -

tem pa ram e ter (not ap pli ca ble to all con trols). One is through the SETTING key on the op er a tion

panel. This is also called Handy Set ting, or Set ting (Handy) or some thing sim i lar. In or der to ac ti -

vate a sys tem pa ram e ter in this en vi ron ment, the pro gram mer will nor mally use the ON (1) or

OFF (0) set ting. This is avail able only on Fanuc 15 and 16/18/21 mod els. On Fanuc 15, pa ram e -

ter #8000, bit #0 (PWE), al lows changes to pa ram e ters that can not be set through the Set ting

screen. On Fanuc 16/18/21, the Set ting screen al lows all pa ram e ters to be changed. When pa ram -

e ters are en abled (on any con trol), an alarm (er ror con di tion) oc curs nat u rally.

Un der stand ing the ma chine spec i fi ca tions and con trol sys tem pa ram e ters is extremely im por tant 

in macro de vel op ment. Even in its de tailed ap proach, this hand book only of fers some in sights and

ex pla na tions, the most im por tant and com mon ones - it can not cover all de tails for all oc ca sions. 

No macro pro gram mer can work with out the var i ous  ma chine and con trol man u als - they are

the sources of con crete in for ma tion and pre cise data source about the equip ment used. Each CNC

ma chine tool in the shop will have to be eval u ated individually.

For specific details, always con sult ma chine and con trol man u als sup plied by the vendor
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CONCEPT OF VARIABLES

In the pre vi ous chap ter, sev eral con cepts of macro struc ture were cov ered and the pur pose of

vari ables has been in tro duced and identified, in clud ing their ba sic us age in mac ros. Vari ables in a

cus tom macro have been de signed with sev eral con sid er ations, so look ing at them in more de tail is 

es sen tial to their full un der stand ing.

The start ing point - and the most im por tant one - to un der stand ing vari ables, is the un der stand -

ing of their dif fer ences. In Fanuc cus tom mac ros, there are four dif fer ent cat e go ries of vari ables,

called the vari able types.

Types of Macro Variables

All Fanuc con trol sys tems, re gard less of their model num ber, sup port macro vari ables by type.

They are clas si fied into four types of vari ables:

Variable
number range Variable

type
Description

From To

#0
NULL

variable

A NULL variable has no value. It is defined as #0 variable,
it is an empty variable, often called a vacant variable. This
variable can be read by the macro program, but it cannot be
assigned a value, which means data cannot be assigned to it

#1 #33
LOCAL

variables

LOCAL variables are only temporary - they are used in
a macro body and hold certain data. When the macro is called,
the local variables are set to their assigned values. When the
user macro is completed and exits (using the miscellaneous
function M99), or the control power is turned off, all local
variables are set to null values - they cease to exist

#100

#500

#149

#531

COMMON
or

Global
variables

COMMON (also called Global) variables are still valid when
a macro is completed. These variables are maintained by the
system and they can be shared by several other macro programs. 
The higher level variables are normally cleared by a specially
design macro program

#1000
...and

up
SYSTEM
variables

SYSTEM variables are used for setting and/or changing default
conditions and can read and write different CNC data, for
example, a current status of a G-code mode,  the current work
offset, etc. Their numbers are assigned by the Fanuc control
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Note that some ref er ence man u als may only re fer to the last three types, leav ing the ‘va cant’

vari able (num bered as #0) alone - not con sid er ing it as a sep a rate group type.

In a sum mary, vari ables are used in mac ros in stead of ac tual data. The macro pro gram mer as -

signs val ues to the vari ables on the ba sis of the cur rent ap pli ca tion. Vari ables add flex i bil ity to the

macro pro gram but also ben e fit from other fea tures, such as in put data in teg rity, al low able range

check ing, etc.

Variables in Macros

Vari ables are the most no tice able fea ture of cus tom mac ros, ei ther in their ini tial as sign ment, or 

in their use within the macro body. Cus tom mac ros de pend on vari ables, so it is im per a tive to

have a look at what vari ables are, from the ground up.

Definition of Variables

The word or ex pres sion ‘vari able’ can be de fined in math e mat i cal terms:

A variable is a mathematical quantity that can assume
any value within its allowed range and format

Cal cu la tor Anal ogy

The con cept of vari ables can be il lus trated with a com mon sci en tific pocket cal cu la tor. Even the 

most in ex pen sive cal cu la tors have at least one mem ory fea ture. This mem ory is a tem po rary stor -

age area for data values that can be stored now and used later. The data val ues in the stor age will

most likely be dif fer ent ev ery time the cal cu la tor is used for the same calculation, so such data is

called the vari able data, the stor age area is the vari able (cal cu la tors call it mem ory stor age or just

mem ory). The word vari able means change or change able. More ad vanced cal cu la tors have more 

than one mem ory stor age area and they also of fer stor age of for mu las and com mon calculations. If 

more than one mem ory is avail able on a calculator, iden ti fi ca tion num bers or let ters for each

mem ory are pro vided on the keypad, to dis tin guish one from an other. Re call ing the pre vi ously

stored vari able value by a let ter or a num ber will re trieve it from mem ory and place it into the cur -

rent calculation. In mac ros, many mem o ries (vari ables) con tain ing dif fer ent data can be de fined

and avail able for calculations, de pend ing on the con trol model.

Vari able Data

In mac ros, the con cept is the same as for calculators. Vari ables have a ge neric, rather than a

spe cific, char ac ter. They serve as stor age ar eas, and they con tain val ues that can - and do - change 

with each macro use. For ex am ple, in stan dard pro gram ming, a macro may be used for re peat ing

the same toolpath for dif fer ent ma te ri als of the part. Al though the toolpath it self may not change,

the spin dle speeds and the feedrates will be dif fer ent for each ma te rial. For three ma te ri als, for ex -

am ple, three in di vid ual and sep a rate pro grams with many rep e ti tions would have to be writ ten. 
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Quite likely, the only dif fer ence be tween the three pro grams will be the S-ad dress for spin dle

speed in rev/min and the F-ad dress for feedrate value in mm/min (in/min). With a macro, both ad -

dresses S and F can be de fined as vari ables (be cause they will change for each of the three ma te ri -

als), then sup ply the suit able speed and feedrate val ues for dif fer ent ma te ri als, as needed. By

chang ing only those two val ues, the pro gram can be used for many more dif fer ent ma te ri als, not

just three. The main pro gram ming ben e fit is that the body of the macro pro gram does not change

at all, once it is ver i fied.

Variable Declaration

Be fore they can be used, vari ables have to be de fined - macro ex pres sion re fers to this ac tiv ity

as dec la ra tion of vari ables - vari ables have to be de clared. Just like the data en try into the mem ory 

of a cal cu la tor, the ba sic rules gov ern ing the dec la ra tion of vari ables is that a vari able must be de -

fined first, and only then it can be used in a pro gram or a macro. In the pro gram that uses the vari -

able, the form of def i ni tion is rep re sented by the # sym bol (com monly called the pound sign or the 

sharp sign or the num ber sign). This num ber sign will be used in all mac ros. The def i ni tion of a

vari able can take sev eral forms, the first of them is the vari able value:

 #i = assigned current value

+ ... where the let ter 'i' represents the vari able num ber - for example:

#19 = 1200 Value of 1200 is assigned to variable number 19

it can be spindle speed (rev/min)

#9 = 150.0 Value of 150.0 is assigned to variable number 9

it can be feedrate (mm/min, m/min, ft/min, in/min, etc.)

These two macro state ments store val ues - the value of 1200 is stored into the vari able #19 and

the value of 150.0 into the vari able #9. Both val ues shown in the ex am ple are num bers, but they

are two dif fer ent types of a num ber.

Real Num bers and Integers

There are two ba sic types of nu merical val ues used in macros - a num ber can be ei ther:       

u REAL number ...  real  number always requires a decimal point

u INTEGER number ...  integer  numbers cannot use decimal point

When per form ing math e mat i cal cal cu la tions, the type of every nu mer i cal value is im por tant. In

sim ple terms, real num bers are typ i cally used for cal cu la tions, whereby in te ger num bers are used

for count ing and other ap pli ca tions that do not re quire a dec i mal point. When a vari able num ber is 

used in the macro pro gram, its value can be changed as re quired at any time, two or more vari -

ables may be used for math e mat i cal cal cu la tions, etc.
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Variable as an Expression

Vari ables can also be de fined by us ing an ex pres sion, where the ex pres sion is typ i cally a math e -

mat i cal for mula or a gen eral cal cu la tion. The sim plest ex pres sion is nor mally a di rect value as -

sign ment within the macro body, for ex am ple:

#9 = 250.0

Vari able #9 in the ex am ple con tains an as signed value of 250.0 mm. This ac tual value may be

used to re place a vari able value in the macro, for ex am ple, the cut ting feedrate:

G01 X375.0 F#9

The F#9 macro state ment will be in ter preted as F250.0 (mm/min) ac tual state ment. Re def i ni -

tion of the vari able, for ex am ple #9=300.0, will pass on the new def i ni tion to the macro body, so

G01 X375.0 F#9 will mean G01 X375.0 F300.0.

Vari ables may also use com plex ex pres sions, for ex am ple:

#i = #j + 50,  where #j is a pre vi ously de fined vari able, which should be in ter preted as -

add the value of 50 to the cur rent value of vari able con tained in #j, and store the new re sult in

vari able #i.

The vari able def i ni tion #9 = 150.0 in one part of the pro gram, can be used again later, usu -

ally as a sub sti tuted state ment, for ex am ple, as a def i ni tion #9 = #9 * 1.1 in an other part of the 

macro pro gram, such as a feedrate in put F#9, with the ac tual mean ing of F165.0.

In all ap pli ca tions, the rule for ap ply ing the vari ables is sim ple (the cur rent ex am ple is used):

+ Take the stored value of variable #9 and use it as the cur rent value of the pro grammed feedrate

When ex pres sions are used in a macro, they al ways eval u ate a mul ti ple math e mat i cal or log i cal

op er a tion. Ex pres sions must be en closed in square brackets [ex pres sion]:

#i = #i * [#j + #k]

+ ... where the brack ets force cal cu la tion of #j+#k to be per formed first, be fore be ing mul ti plied by #i

Any com plex cal cu la tions can be nested within square brack ets, al ways fol low ing the stan dard

math e mat i cal hi er ar chy re lat ing to the or der in which cal cu la tions will be pro cessed.

Usage of Variables

Macro vari ables can only be used in a pro gram if they are de fined first. Once a vari able is de -

fined, it can be used by pre ced ing it with the de sired Fanuc pro gram re lated ad dress (char ac ter),

which is a cap i tal let ter of the al pha bet, such as F, S, G, M, etc.

For ex am ple, the two vari ables de fined ear lier can be used in the body of a pro gram:
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2 Variables declared (defined) :

#19 = 1200 Spindle speed defined

#9 = 150.0 Cutting feedrate

Vari ables must be de clared (de fined) be fore they can be used, as the ex am ple shows.

2 Variables applied (used) :

. . .
G00 G90 G54 X350.0 Y178.34 S#19 M03 (VARIABLE SPINDLE SPEED)
G43 Z25.0 H03 M08
G01 Z-15.0 F200.0 (FIXED FEEDRATE)
X425.0 F#9 (VARIABLE FEEDRATE)
. . .

Note the use of a fixed and vari able feedrates in the same pro gram. Also note that no mac ros

have been used at all. Many pro gram mers do not re al ize that they may use vari ables in the main

pro gram (stan dard pro gram) only, with out a macro, pro vid ing the macro op tion is sup ported by

the con trol sys tem. A com plete ex am ple of such an ap pli ca tion has al ready been shown ear lier, in

Chap ter 1 - Fig ure 1, and still an other ex am ple is also in cluded in the next chap ter.  

Decimal Point Usage

A vari able that is de fined in the macro pro gram body must al ways be en tered with the dec i mal

point for all di men sional val ues, such as po si tion lo ca tions, dis tances, feedrates, or any other def i -

ni tions that use met ric or Eng lish units (see next sec tion). If these val ues are en tered with out the

dec i mal point, the in ter pre ta tion by the con trol will use the de fault set tings and could cause some

very se ri ous prob lems. For ex am ple,

#11 = 45

may be in ter preted in nu mer ous ways, and not all will yield the same re sult. The stored value of

45 may be come 45.0, 0.045, 0.0045 - or re main just as de clared - 45.

In pro gram ming, never count on de fault val ues !

If an in put value ac cepts the dec i mal point, al ways de clare it with the dec i mal point in cluded. In

daily ap pli ca tions, typ i cal val ues that re quire dec i mal point are all val ues re lat ing to di men sions -

they are also called di men sional words or di men sional val ues. It is im por tant to keep in mind that

the de fault val ues may work for you, but against you as well. For ex am ple, if the X-axis co or di -

nate lo ca tion is de fined as X20, for ex am ple, in met ric sys tem it will be in ter preted as X0.020, in

the Eng lish units sys tem as X0.0020. A significant dif fer ence!

There is also a func tion ADP (Add Dec i mal Point) avail able and de scribed else where, but not

recommended even by Fanuc as the best so lu tion to solve dec i mal point woes.
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Metric and English Units

For all di men sional words used in a CNC pro gram (such as X, Y, Z, I, J, K, R, F, etc.), the de -

clared vari ables may be ref er enced with the ap pro pri ate di men sional word, for ex am ple:

#1 = 11.6348 Variable is declared or defined
...
...

G00 X#1 Variable is used

...

If the se lected units in the pro gram are Eng lish units (pro grammed in the G20 mode), the mo -

tion block G00 X#1 will be in ter preted as G00 X11.6348. If the pro gram ming units are met ric

(pro grammed in the G21 mode), the G00 X#1 will be in ter preted as G00 X11.635. This is a

very im por tant dif fer ence. A vari able that is called in the macro will be au to mat i cally rounded to

the least in cre ment (small est unit) of the pro gram ad dress.

Least Increment

All CNC pro grams can use val ues within an al lowed range - up to a cer tain max i mum, and

down to a cer tain min i mum. Max i mum val ues are sel dom an is sue, but ev ery pro gram mer should

un der stand the min i mum val ues. They are of ten called the min i mum in cre ment or the least in cre -

ment. These fancy ex pres sions can be trans lated to a much more prac ti cal state ment - the small est

amount of mo tion the ma chine can pro vide. Re gard less of how they are called, they are dis tin -

guished by the num ber of dec i mal places:

Units system Number of decimal places Least increment

Metric G21 3 xxxxx.xxx 0.001 mm

English G20 4 xxxx.xxxx 0.0001 inch

Bear in mind that as a rule, many Fanuc con trols do not con vert from one unit of mea sure ment

to an other, only shift the dec i mal point. Some fea tures in the con trol may be con verted, but never

count on such con ver sion in any pro gram de vel op ment. If the dec i mal point is only shifted dur ing

units change, an Eng lish di men sion of 12.3456 will be come 123.456 in met ric units - def i nitely

not cor rect. Pro vid ing the G20 or G21 units se lec tion com mand into the pro gram is al ways highly 

rec om mended. What is def i nitely never rec om mended is to use both types of units in one pro -

gram, that is be tween the start of main pro gram and the M30 func tion for pro gram end.

ALWAYS - pro vide units se lec tion in ev ery pro gram

NEVER - use both avail able units in any one program
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Positive and Negative Variables

A vari able def i ni tion that is not equal to zero is called a non-zero vari able. Non-zero vari ables

may be ex pressed as ei ther pos i tive or neg a tive vari able values. For ex am ple,

#24 = 13.7 ... this is a positive value variable definition

#25 = -5.2 ... this is a negative value variable definition

Why is this very sim ple and com mon fact so im por tant? The rea son is that in a macro, the call

of the vari able may also be pos i tive or neg a tive, which means tow signs are in effect. When the

vari able is ref er enced in the macro, the sign can be intentionally re versed, in or der to achieve the

op po site ef fect of the def i ni tion, for ex am ple:

G00 X-#24 ... will be equivalent to G00 X-13.7

G00 Y-#25 ... will be equivalent to G00 Y5.2

G00 X#24 ... will be equivalent to G00 X13.7

G00 Y#25 ... will be equivalent to G00 Y-5.2

The sign in the dec la ra tion is al ways used to gether with the sign in the ac tual ex e cu tion - the

same dec la ra tion used as above. Look at one of the above ex am ples:

G00 Y-#25 ... will be equivalent to G00 Y5.2

The rea son is strictly math e mat i cal and re lates to the use of a dou ble sign in a cal cu la tion. In

many in stances, a neg a tive num ber will have to be added or sub tracted, and so on.

The fol low ing ex am ples show all four pos si bil i ties:

Calculation Result Format Example

Positive + Positive Positive a + (+b) = a + b 3 + (+5) = 3 + 5 = 8

Positive + Negative Negative a + (-b) = a - b 3 + (-5) = 3 - 5 = -2

Negative - Positive Negative a - (+b) = a - b 3 - (+5) = 3 - 5 = -2

Negative - Negative Positive a - (-b) = a + b 3 - (-5) = 3 + 5 = 8

This sim pli fied method may be even eas ier to un der stand:

+ + = + + - = - - + = - - - = +

Note that the ac tual or der of the plus and mi nus sym bols within a cal cu la tion, such as +- or -+

makes no dif fer ence to the re sult. How ever, the stan dard math e mat i cal hi er ar chy of cal cu lat ing

or der is and must al ways be main tained.
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Syntax Errors

Mak ing er rors in any man u ally de vel oped pro gram is not un com mon, even if it is un de sir able.

Macro pro grams are not im mune to be ing written wrong, even by ex pe ri enced pro gram mers. At

the same time, once a macro is ver i fied and fully func tion ing, there will be no more er rors.

In CNC pro gram ming, there are two cat e go ries of er rors:

u Syn tax er rors ... control system will warn the user (alarm issued)

u Log i cal er rors ... control system will not warn the user (alarm not issued)

It is im por tant to elim i nate both cat e go ries, but it is much harder to elim i nate the log i cal er rors

than the syn tax er rors. Briefly, syn tax er rors are er rors that are in con flict with the de signed for -

mat the con trol sys tem ex pects. Log i cal er rors are those, where the pro gram mer in tended one ac -

tiv ity and pro vided an other ac tiv ity. For ex am ple, -X100.0 is a syn tax er ror, be cause a pro gram

word must al ways be gin with a let ter - cor rected ver sion is X-100.0. An ex am ple of a log i cal er ror 

is when the pro gram mer in tends to move to Y-po si tion of 750 mm, but pro grams Y75.0, in stead

of the cor rect in put of X750.0.

The sec tion on re stric tions is re ally a sec tion that cov ers some syn tax er rors but also in cludes

state ments and pref er ences as to what is al lowed and what is not, what is le git i mate en try and what 

is not - with explanations. 

Restrictions

Pro gramming in any lan guage has to ad here to a num ber of very strict rules and re stric tions im -

posed by the lan guage de vel op ers for many good rea sons. Pro gram mers must fol low the rules,

con di tions and re stric tions that ap ply to the lan guage used. Al though not strictly a lan guage,

Fanuc mac ros are no dif fer ent in this re spect. In cor rect use of the macro tools can cause a sys tem

er ror (alarm) - it can also cause an un wanted re sult, even dan ger ous sit u a tions.

The fol low ing con di tions and re stric tions ap ply to all Fanuc cus tom macros, with some typ i cal

ex am ples shown for each item - the first col umn spec i fies the state ment, er ror or re stric tion, the

sec ond col umn pro vides con di tion or ex am ple:

Colon character : Colon character is not allowed

Semicolon character ; Semicolon character is not allowed

Zero value is neutral
(neither positive nor negative)

+0   or  -0  cannot be identified

Leading zeros are ignored #1 = 003  is the same as  #1 = 3
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Program number as an EIA identification
address O cannot be used with a variable

O#1 is not allowed

Program number as an ISO identification
address : cannot be used with a variable

:#1 is not allowed

Block number identification address N
cannot be used with a variable

N#1 is not allowed

Block skip identification address /
(slash symbol) cannot be used with a variable

/#1 is not allowed

Maximum value of an address
cannot be exceeded

If
 #1=1000

then  G#1  is not allowed

Brackets for a single variable
will be ignored

#[7]  is the same as  #7

One variable cannot replace another
variable directly - example 1 - incorrect

# #7  is not allowed

One variable cannot replace another
variable directly - example 2 - incorrect

##7  is not allowed

One variable cannot replace another
variable directly - example 3 - correct

#[#7]  is allowed

Overflow or underflow situation
when 0 and 90 degrees are used in
trigonometric calculation

SIN[0] =  negative underflow
COS[90] =  positive underflow
TAN[0] =  negative underflow
TAN[90] =  positive overflow

Nesting in calculations is allowed
If variables #7 and #9 have been previously

defined, the following nesting is correct:
#101=FIX[[#9*1000]/[3.1416*#7]]

More ex am ples could be added, but the list ing cov ers the most com mon con sid er ations.       
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Custom Machine Features

One of the most com mon rea sons for a CNC ma chine tool hav ing the macro fea tures avail able is 

- the ma chine tool builder. Ma chine man u fac tur ers of ten in cor po rate many unique fea tures into

their ma chine tools, for ex am ple, ad vanced phys i cal equip ment, such as bro ken cut ter de tec tors,

gan try lines, pro gram ma ble guard con trols, etc. These 'hard ware' fea tures must be con trolled by

the 'soft ware'. The soft ware in such cases pro grammed in a PLC (Pro gram ma ble Logic Con trol)

but is fre quently sup ple mented by a spe cial macro, usu ally built into the con trol at the time of pur -

chase. This macro may or may not be hid den from dis play, most likely will be pro tected, but it is

al ways very im por tant to be aware of its ex is tence.

Re stric tions and min i mum or max i mum val ues spec i fied by the ma chine tool builder must al -

ways be hon ored in macro de vel op ment or modifications. Pro gram mers should al ways know the

ma chine built-in ranges, for ex am ple, the work area, the min i mum and max i mum spin dle speeds,

feedrate ranges, travel lim its, tool sizes, and so on.

In their mac ros, ma chine tool build ers also use spe cial G-codes or spe cial M-codes for their

equip ment, and they will use many vari ables in the mac ros. In the next chap ter, we look at vari -

ables in more depth.
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ASSIGNING VARIABLES

In the gen eral in tro duc tion to vari ables ear lier, four groups of vari ables were iden ti fied that are

used in macro pro grams:

u Local variables

u Common variables

u System variables

u Null variables (same as empty or vacant variables)

It is very im por tant to un der stand these vari ables well, par tic u larly their dif fer ences. This chap -

ter ex plains how to spec ify a value of a vari able - how to as sign a value to a vari able. The first two 

of the groups listed - the lo cal vari ables and the com mon vari ables are cov ered by this topic.

Local Variables

Lo cal vari ables trans fer the user sup plied data to the macro body. Up to 33 vari ables can be de -

fined as lo cal. Nam ing this group of vari ables lo cal means their stored val ues are only ap pli ca ble

to the macro they have been de fined in, they are not trans fer able be tween mac ros. In macro pro -

grams, each lo cal vari able is as so ci ated with an as signed let ter of the Eng lish al pha bet. There are

two op tions avail able for the so called as sign ment lists, As sign ment List 1, which has 21 lo cal vari -

ables avail able, and As sign ment List 2, which has 33 lo cal vari ables avail able. Both as sign ment

lists are de scribed here in de tail.

Defining Variables

Vari ables that are de fined in the G65 macro call, can be within the range of #1 to #33. They

are called the lo cal vari ables, or ar gu ments. They are avail able only to the macro that calls them

and pro cesses them. Once the pro cess ing of the macro is com pleted, each lo cal vari able is re set to

a null value, which means it be comes empty and has no value - it be comes va cant.

In prac ti cal terms, the lo cal vari ables are used to pass data def i ni tions from the source program

(such as a main pro gram) to a macro. Once trans ferred, they have served their pur pose and are no

lon ger needed. These vari ables were lo cal to the pro gram that called them. We use lo cal vari ables

to as sign val ues to macro pro gram ar gu ments. Lo cal vari ables are also used for a tem po rary stor -

age within the macro body, dur ing cal cu la tions of for mu las and other ex pres sions.

In ad di tion to the G65 command, there are also pre pa ra tory com mands G66, G66.1, and G67, 

all re lated to mac ros. The G65 com mand is most sig nif i cant of them and is cov ered here in depth. 
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Clearing Local Variables

Lo cal vari ables are nor mally cleared (made va cant) by an in ter ven tion from the con trol panel

(usu ally done by the CNC op er a tor), or a pro gram code (usu ally done by the CNC pro gram mer).

Each of the fol low ing ac tions will clear the lo cal vari ables and sets them to null:

o Pressing the control RESET key will set all local variables to null

o Pressing the external RESET key will set all local variables to null

o Pressing the EMERGENCY switch will set all local variables to null

o Programming code M30 (program end) will set all local variables to null

o Programming code M99 (subprogram end) will set all local variables to null

Any lo cal vari able can be cleared by these means, but it can also be cleared in a macro pro gram, 

if re quired. In the macro state ment, it must be as signed the value of #0. Some man u als re fer to the 

pro cess of clear ing vari ables in a pro gram as a pro cess of purg ing vari ables, with the same mean -

ing. This ex am ple il lus trates the clear ing (purging) pro cess of lo cal vari ables in a pro gram:      

#1 = 135.0 Sets a value of variable #1 to 135.0

...

G00 X#1 Uses variable #1 in the macro (X will be equal to X135.0)

...

#1 = #0 Sets #1 variable to #0  (null) - it holds no value - it is called

an empty or null or vacant variable - with the same meaning

A null vari able is always iden ti fied as #0, never as a 0 only ! 

Assigning Local Variables

Fanuc of fers two sep a rate lists for the as sign ment of lo cal vari ables. They are called the As sign -

ment List 1 and the As sign ment List 2. In both lists, a let ter of the Eng lish al pha bet is ar bi trarily

as signed a vari able num ber, built into the con trol soft ware. For ex am ple, in both as sign ment lists, 

the let ter A is as so ci ated with a lo cal vari able #1, let ter B is as so ci ated with a lo cal vari able #2,

and the let ter C is as so ci ated with a lo cal vari able #3.

The as sign ments vary greatly be tween the List 1 and the List 2, and the or der of num bers does

not al ways fol low the or der of the let ters as it may appear from A=#1, B=#2, C=#3 example.

Assignment List 1 - Method 1

The vast ma jor ity of macro ap pli ca tions use the vari ables from the As sign ment List 1. It only

con tains 21 as sign ments for lo cal vari ables, but that is a num ber more than suf fi cient for the ma -

jor ity of mac ros. The 21 let ters of the Eng lish al pha bet are as signed lo cal vari ables, as ar gu ments, 

de fined in the G65 macro call, and passed to the macro body.

The As sign ment List 1 is de fined by Fanuc in the fol low ing ta ble:
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Argument List 1 Address Local Variable in a Macro

A #1

B #2

C #3

D #7

E #8

F #9

H #11

I #4

J #5

K #6

M #13

Q #17

R #18

S #19

T #20

U #21

V #22

W #23

X #24

Y #25

Z #26

Assignment List 2 - Method 2

Only a very few macro ap pli ca tions use the As sign ment List 2. It con tains 33 as sign ments of lo -

cal vari ables, in case there is a need for more than the 21 lo cal as sign ments from the As sign ment

List 1. The first three as sign ments, A, B, and C are the same, but that is where the sim i lar ity ends. 

These as sign ments are sup ple mented by a set of 10 ar gu ment groups, iden ti fied as I1 J1 K1 to I10 J10

K10. This method may be some what harder to im ple ment, par tic u larly by be gin ners.

A mul ti ple def i ni tion with the same ad dress is based on the spec i fied or der. Each I-J-K ar gu -

ment has a cor re spond ing 1-2-3 suf fix. The suf fix of each set spec i fies the as sign ment or der for

the ar gu ment set de fined in G65 macro call.
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Argument List 2 Address Local Variable in a Macro

A #1

B #2

C #3

I1 #4

J1 #5

K1 #6

I2 #7

J2 #8

K2 #9

I3 #10

J3 #11

K3 #12

I4 #13

J4 #14

K4 #15

I5 #16

J5 #17

K5 #18

I6 #19

J6 #20

K6 #21

I7 #22

J7 #23

K7 #24

I8 #25

J8 #26

K8 #27

I9 #28

J9 #29

K9 #30

I10 #31

J10 #32

K10 #33
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In the macro call G65, the as sign ment of an I-J-K set can be made with out dif fi culty, but be

care ful to fol low the proper or der:

G65 A10.0 B20.0 I30.0 J40.0 K50.0 I60.0 I70.0

+ where …

A =  #1 = 10.0
B =  #2 = 20.0
I =  #4 = 30.0
J =  #5 = 40.0
K =  #6 = 50.0
I =  #7 = 60.0
I =  #10 = 70.0

Since there are three I def i ni tions  (of which two I def i ni tions are con sec u tive), the first I is I1,

sec ond I is I2, and the third I is I3. Be cause the or der of vari able def i ni tion is the key, the ‘miss ing’ 

J and K have to be ac counted for. Since they are not used, that means they have to be skipped, in -

clud ing their num ber as sign ment. Use this method only if there is need for it.

Missing Addresses

In the much more com monly used As sign ment List 1 (Method 1), there are only 21 let ters avail -

able as ar gu ments (def i ni tions) to the G65 macro call. Al though there 26 let ters in the Eng lish al -

pha bet, five of them are out of bounds - never to be used. See the next sec tion for de tails on

vari able ad dresses that are dis al lowed.

In re al ity, there are al ways 33 vari ables avail able, even when the As sign ment List 1 is used.

This mys te ri ous state ment needs an ex pla na tion - where are the re main ing 12 vari ables? Why are

they miss ing? Is there a con nec tion be tween the miss ing num bers and the miss ing five let ters?

In the As sign ment List 1, there are only 21 vari ables (let ter) that can be de fined in the macro call 

G65, but the re main ing 12 can only be de fined within the body of a macro. Look care fully on the

num bers of those vari ables miss ing in the As sign ment List 1. The fol low ing num bers are only

those not avail able in the List 1: 

Vari ables

 #10, #12, #14, #15, #16, #27, #28, #29, #30, #31, #32, and #33

are not part of the As sign ment List 1. Yet, they can be de fined in ter nally, within the macro body 

only, also as lo cal vari ables. They can be re de fined and used again, but they are not tied up to a

let ter ad dress like the 'nor mal' 21 vari ables.

A good ex am ple to il lus trate the con cept of us ing these vari ables in the macro body is vari able

#33, al though the ex am ple ap plies equally to other 'miss ing' vari ables. Since #33 is the last

avail able vari able num ber, many macro pro gram mers of ten use it as a coun ter def i ni tion for

macro loops (any other vari able can be used for the same pur pose with the same re sult). A coun ter 

for loops is of ten re quired within the macro body, but there is no need to de fine it in the G65

macro call state ment, where it would have be de fined by one of the as sign able 21 vari ables.
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Disallowed Addresses

The next 'mys tery' to solve is the mys tery of the five miss ing let ters - ad dresses.  Why there are 

only 21 of the 26 Eng lish al pha bet let ters that can be used? The five re main ing let ters are miss ing

for a good rea son. Just by look ing at the miss ing num bers in the As sign ment List 1 may pro vide a

clue. These num bers are miss ing in the As sign ment List 1:

#10, #12, #14, #15, and #16

Note - these vari ables can only be used in side of macro, as al ready es tab lished.

Al though #10 in di cates a miss ing let ter G, #14 a miss ing let ter N, #15 a miss ing let ter O, and

#16 a miss ing let ter P, #12 is out of or der. Try to think of the dis al lowed let ters, not the num -

bers. The let ters that can not be used in a vari able as sign ment (G65 block) are:

o  G    address     Preparatory command

o  L    address     Number of repetitions (for macros, subprograms, and fixed cycles)

o  N    address     Block number (sequence number)

o  O    address     Program number designation

o  P    address     Program number call

These are re stricted let ters (try the word GNOPL to re mem ber them) and can not be as signed any

value for any pur pose. Of the five, only the let ter G can be used for a spe cial pur pose, such as a

def i ni tion of a new G-code. Cus tom G-codes can ac tu ally called a macro, for ex am ple, a spe cially

de vel oped unique cy cle. rather than us ing the G65 macro call, the new G-code type macro call

looks like a nor mal G-code, and is of ten eas ier to work with. Chap ter 21 cov ers this sub ject.

Simple and Modal Macro Calls

The G65 com mand is de fined as a macro call. That is cor rect, but it should re ally be de fined as

a sim ple or sin gle macro call. The word ‘sim ple’ in this case means ‘called once’, or ‘non-modal’. 

In a pro gram, G65 can only be used once at a time - as it is not a modal com mand. It may be

called any time when needed, but all vari ables must be al ways re de fined. This may prove im prac ti -

cal, when a macro should re tain the ar gu ments for more than a sin gle call. To sat isfy this need,

Fanuc does also of fers a modal macro call com mand, in fact, it of fers two of them:

G66 Macro is called with an axis movement command only

G66.1 Macro is called with any command (not available on all controls)

Like other modal com mands, the modal macro call has to be can celed, when it is no lon ger re -

quired. The modal macro can cel com mand is an other G-code:

G67 Modal macro call is canceled (G66 or G66.1)

The G66 is much more prac ti cal, there fore more of ten used, than the G66.1. Compare the typ -

i cal for mats for both, the G65 and the G66 com mands, us ing the fol low ing ex am ple:
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The sim ple ex am ple uses a part draw ing in Fig ure 17, where four holes have to be tapped (drill -

ing op er a tion is omit ted in the ex am ple). The macro will be de signed for a spe cial tap ping op er a -

tion only and G84 tap ping cy cles can not be used. This is also a good ex am ple of sum ming up the

sub jects cov ered so far.

The main ob jec tive of the macro is to pro gram a lower feedrate when the tap moves into the ma -

te rial and a higher feedrate when the tap moves out. This tap ping tech nique is use ful for very fine

threads in soft ma te ri als, to pre vent thread strip ping. These are the pro gram ming ob jec tives:

o Spin dle speed 850 r/min

o Nominal feedrate 425 mm/min (850 r/min x 0.5 pitch)

o Feedrate in 80% of the nom i nal feedrate cut ting in

o Feedrate out 120% of the nom i nal feedrate cut ting out

o Retract clearance 3 mm

o Cutting depth 6.5 mm (1.5 mm below the bottom of part)

Se lec tion of Vari ables

Any as sign ment ad dress can be used in the G65 macro call, pro vid ing it meets the cri te ria of

mac ros. Since let ters will be used as as sign ments, the macro pro gram mer has 21 of these let ters to 

choose from. It makes sense to se lect let ters that pro vide some re la tion ship to their mean ing in the

macro. From the list above, se lect ing ar gu ment F for feedrate, S for spin dle speed, Z for tap ping

depth, R for the ini tial and re tract clear ance, etc., makes it eas ier to fill in the as sign ments. This is

only a teach ing macro that does not have all the 'bells and whis tles' in cor po rated into it. In this

hand book, there are sev eral ver sion listed.

For the ex am ple at this stage (us ing modal macro call), only the fol low ing as sign ments will be

pro vided - the clear ance R-value as 3 mm (#18), Z-depth as -6.5 (#26), and the feedrate as 425.0 

(#9). De vel op ment of the macro O8004 is quite sim ple:
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O8004
(SPECIAL TAPPING MACRO)
G90 G00 Z#18
G01 Z-[ABS[#26]] F[#9*0.8] M05  (FEED-IN AT 80 PERCENT OF FEEDRATE)
Z#18 F[#9*1.2] M04        (FEED-OUT AT 120 PERCENT OF FEEDRATE)
M05
M03
M99
%

The macro call in the main pro gram will use G65 first (tap ping only):

N81 M06
N82 T07
N83 G90 G00 G54 X13.0 Y11.0 S850 M03 T08 (MOVE TO HOLE 1)
N84 G43 Z25.0 H07 M08 (INITIAL LEVEL)
N85 G65 P8004 R3.0 Z6.5 F425.0 (HOLE 1)
N86 G91 X15.0 Y10.0 (MOVE TO HOLE 2)
N87 G65 P8004 R3.0 Z6.5 F425.0 (HOLE 2)
N88 G91 X20.0 Y12.0 (MOVE TO HOLE 3)
N89 G65 P8004 R3.0 Z6.5 F425.0 (HOLE 3)
N90 G91 X13.0 Y10.0 (MOVE TO HOLE 4)
N91 G65 P8004 R3.0 Z6.5 F425.0 (HOLE 4)
N92 G90 G00 Z25.0 M09 (END OF TAPPING)
N93 G28 Z25.0 M05
N94 M01

Note that the O8004 macro call had to be re peated with all the data def i ni tions for each hole lo -

ca tion. Even a sim ple change to the given def i ni tions would have to be made sev eral times.

The CNC pro gram above can be short ened - quite sig nif i cantly - and made more flex i ble, with

the modal macro call G66, and only one call of the macro def i ni tions. G67 com mand must be

used to can cel the modal call:

N81 M06
N82 T07
N83 G90 G00 G54 X13.0 Y11.0 S850 M03 T08 (MOVE TO HOLE 1)
N84 G43 Z25.0 H07 M08 (INITIAL LEVEL)
N85 G66 P8004 R3.0 Z6.5 F425.0 (TAP HOLE 1 - MODAL)
N86 G91 X15.0 Y10.0 (MOVE AND TAP HOLE 2)
N87 G91 X20.0 Y12.0 (MOVE AND TAP HOLE 3)
N88 G91 X13.0 Y10.0 (MOVE AND TAP HOLE 4)
N89 G67 (CANCEL MACRO CALL)
N90 G90 G00 Z25.0 M09 (END OF TAPPING)
N91 G28 Z25.0 M05
N21 M01

Ad di tional im prove ments (those not listed) will most likely in clude the can cel la tion of feedhold, 

feedrate over ride and the sin gle block mode, all for a more re li able ex e cu tion of the pro gram

blocks. All of them can be con trolled by a macro, us ing sys tem vari ables and other features, de -

scribed else where in this handbook. Not all con trol mod els can ac cept the G66.1 com mand.
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Main Program and Local Variables

Any pro gram that does not call subprograms or mac ros is called the main pro gram - the only

pro gram there is. Nor mally, we do not as so ci ate vari ables with a main pro gram, only with macro

pro grams. Yet, there are many ap pli ca tions, where this pro gram ming tech nique can be very use -

ful and very sim ple to im ple ment for all con trols that have the macro op tion installed. For those

learn ing mac ros from the be gin ning, this may even be a very good way to start the train ing. The

best start is a prac ti cal ex am ple, en larg ing on the ba sic con cepts de scribed in Chap ter 7.

For the pur poses of train ing, one of the sim plest ex am ples of vari ables in a main pro gram is

peck drill ing in dif fer ent ma te ri als. Take two ma te ri als that are sup posed to be the same, such as

forgings or cast ings from two dif fer ent sup pli ers. Chances are, the ma te ri als will not only be

some what dif fer ent in size and shape, they will most likely have a no tice ably dif fer ent hard ness.

Al though the draw ing is the same for the fin ished part from ei ther source, the ma chin ing pro ce -

dure is not. The forgings from one sup plier will most likely use higher cut ting speeds and feeds

than forgings from the other sup plier, perhaps even dif fer ent peck ing depth. In ba sic pro gram -

ming terms, we will need two pro grams to sat isfy the given con di tions.

The pro gram ming tech niques for such a sit u a tion are il lus trated in the sam ple pro gram. A typ i -

cal peck-drilling op er a tion (deep hole drill ing) is done on three holes. Draw ing for the pro gram is

not nec es sary, it is a very sim ple ex am ple, and only the peck drill ing op er a tion is listed:

O0006
(PROGRAM FOR SOFTER MATERIAL)
...
(T05 - 6.5 MM DRILL)
N61 T05
N62 M06
N63 G90 G00 G54 X100.0 Y125.0 S1500 M03 T06 (HOLE 1 LOCATION)
N64 G43 Z25.0 H05 M08
N65 G99 G83 R2.5 Z-75.0 Q15.0 F225.0 (HOLE 1 DRILLED)
N66 X125.0 (HOLE 2 DRILLED)
N67 Y150.0 (HOLE 3 DRILLED)
N68 G80 G00 Z25.0 M09
N69 G28 Z25.0 M05
N70 M01
...

If the above ex am ple rep re sents a good pro gram for peck drill ing of three holes in a ma te rial of

lower hard ness (softer ma te rial), what pro gram data do have to be changed to make the pro gram

suit able for the higher hard ness (harder ma te rial)?

Three items re lat ing to actual ma chin ing data should be con sid ered for a change in the pro gram

and most likely nec es sary to be ap plied in the program:

o Spindle speed Softer material:  1500 r/min Harder material:  1100 r/min

o Cutting feedrate Softer material:  225 mm/min Harder material:  175 mm/min

o Depth of each peck Softer material:  15 mm Harder material:  12 mm

 ASSIGNING VARIABLES 101

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



A small ta ble list ing the same set ting may be eas ier to read:

Material Spindle speed (S) Feedrate (F) Peck depth (Q)

Softer 1500 225.0 15.0

Harder 1100 175.0 12.0

. . . . . . . . . . . .

Based on the machining de ci sions - and with out a macro fea ture available - an other pro gram has 

to be written, one that re flects the changes made, be cause of the ma te rial hard ness. Here it is, with 

the proper changes:

O0007
(PROGRAM FOR HARDER MATERIAL)
...
(T05 - 6.5 MM DRILL)
N61 T05
N62 M06
N63 G90 G00 G54 X100.0 Y125.0 S1100 M03 T06 (HOLE 1 LOCATION)
N64 G43 Z25.0 H05 M08
N65 G99 G83 R2.5 Z-75.0 Q12.0 F175.0 (HOLE 1 DRILLED)
N66 X125.0 (HOLE 2 DRILLED)
N67 Y150.0 (HOLE 3 DRILLED)
N68 G80 G00 Z25.0 M09
N69 G28 Z25.0 M05
N70 M01
...

  Al though the ap pli ca tion is sim pli fied (only one tool is used), it is clear that only three num -

bers, three val ues, have changed in the whole pro gram. Need less to say, more tools used or more

com plex ity in ma chin ing may bring more changes to the pro gram - yet the ba sic ap proach does

not change at all. The ma jor ity of the pro gram data re mains iden ti cal in both in stances. The ob vi -

ous dis ad van tage is that if a change is nec es sary in one pro gram, it will also be nec es sary in the

other pro gram. This could lead to ad min is tra tion prob lems and pos si ble er rors.

With vari able data, with the ba sic fea tures mac ros of fer, only one mas ter pro gram is needed. In

this mas ter pro gram, the three vari able ma chin ing data will be de fined as - vari ables. By chang ing

the def i ni tions of the three vari able data, the ma chin ing will pro ceed as in tended, whether the soft

ma te rial or the hard ma te rial is used.

For con ve nience and the abil ity to change the vari able data quickly, it is usu ally po si tioned at

the top of the pro gram (at its be gin ning). Here are the def i ni tions for the softer ma te rial, in its first 

macro ver sion:

O0008 Soft material

#1 = 1500                   Spindle speed

#2 = 225.0                 Feedrate

#3 = 15.0                  Peck drill depth

...
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Once the cut ting con di tions are de fined as vari ables, they can be used any where in the pro gram:

(T05 - 6.5 MM DRILL)

N61 T05
N62 M06

N63 G90 G00 G54 X100.0 Y125.0 S#1 M03 T06 Spindle speed variable applied

N64 G43 Z25.0 H05 M08

N65 G99 G83 R2.5 Z-75.0 Q#3 F#2 Peck-depth and feedrate variables applied

N66 X125.0
N67 Y150.0
N68 G80 G00 Z25.0 M09
N69 G28 Z25.0 M05
N70 M01
...
N145 M30

%

Once the pro gram O0008 is com pleted, all three lo cal vari ables will be cleared au to mat i cally.

Note the use of vari able num bers. #1, #2, #3 were used ar bi trarily. There is noth ing wrong with

that, ex cept when a true macro call G65 or G66 is used, the vari able val ues have to be as signed to

the cor re spond ing ar gu ment let ter. Would it not make sense to get used to the idea right from the

be gin ning and pro gram let ters that look like they 'mean' some thing? It would make the pro gram

much eas ier to read and in ter pret.

In the case pre sented, it is more prac ti cal to use vari able #19 (as sign ment S) for the spin dle

speed, #9 (as sign ment F) for the feedrate, and #17 (as sign ment Q) for the peck depth. Here is the 

above pro gram (still for soft ma te rial) mod i fied:

O0009 Soft material

#19 = 1500                  Spindle speed

#9 = 225.0                  Feedrate

#17 = 15.0                  Peck drill depth

...
(T05 - 6.5 MM DRILL)
N61 T05
N62 M06

N63 G90 G00 G54 X100.0 Y125.0 S#19 M03 T06 Spindle speed variable applied
N64 G43 Z25.0 H05 M08

N65 G99 G83 R2.5 Z-75.0 Q#17 F#9 Peck-depth and feedrate variables applied
N66 X125.0
N67 Y150.0
N68 G80 G00 Z25.0 M09
N69 G28 Z25.0 M05
N70 M01
...

N145 M30

%

Again, when the pro gram O0008 is com pleted, all lo cal vari ables will be cleared au to mat i cally.
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Pro gram for the harder ma te rial only re places the three vari able def i ni tions (#19, #9, and #17) 

listed at the pro gram be gin ning - the rest of the pro gram (for T05 in the ex am ple) does not change

at all - all blocks be tween N61 and N145 are iden ti cal:

O0010 Hard material

#19 = 1100                 Spindle speed

#9 = 175.0                 Feedrate

#17 = 12.0                 Peck drill depth

...
(T05 - 6.5 MM DRILL)
N61 T05
N62 M06

N63 G90 G00 G54 X100.0 Y125.0 S#19 M03 T06 Spindle speed variable applied
N64 G43 Z25.0 H05 M08

N65 G99 G83 R2.5 Z-75.0 Q#17 F#9 Peck-depth and feedrate variables applied
N66 X125.0
N67 Y150.0
N68 G80 G00 Z25.0 M09
N69 G28 Z25.0 M05
N70 M01
...

N145 M30                  All three local variables are cleared

%

This method of us ing vari ables in the main pro gram with out ac tu ally de vel op ing mac ros can be

a very pow er ful way to make many jobs more flex i ble and eco nom i cal to run.

So far, the com mon vari ables (#100+) have not yet been dis cussed. Can they be used with

some ad di tional ben e fits? Once you un der stand their pur pose, the de ci sion will be yours. 

In short, yes, the com mon vari ables (#100+) could also be used, but with a lit tle ben e fit. Take

the above ex am ple for what it is - it only at tempts to dem on strate the prin ci ples of lo cal vari ables,

not nec es sar ily pres ent their most ef fi cient us age. As a mat ter of fact, there are sev eral other ways

to im prove on this pro gram, all a lit tle ad vanced at this point. One method in cludes the use of op -

tional stop, pro vid ing function can be used in the mid dle of a com mand (not all con trols sup port

this fea ture). As a rule, keep away from us ing the block skip func tion (the slash func tion /) from

pro grams us ing vari ables and par tic u larly from us ing it in mac ros. There are times when the block 

skip func tion can be used very ef fec tively, and times when it should not be used at all, for ex am -

ple, with vari ables. Since a block skip func tion is a very prim i tive branch ing method, to pro vide

some min i mum 'branching' flex i bil ity to stan dard pro grams, it is ac tu ally not needed it in macro

pro grams at all. Mac ros of fer a num ber of very so phis ti cated pro gram ming fea tures - es pe cially

de signed for branch ing - with much su pe rior con trol than block skip func tion can provide.

At this level of macro pro gram de vel op ment, there is a pos si ble small im prove ment that can be

used to make the pro gram ming ef fort more ef fi cient that has noth ing to do with mac ros. The pro -

gram for tool T05 can be stored as a subprogram, which can in clude all lo cal vari ables. As long as 

the vari ables are de fined in the main pro gram be fore the subprogram call, this im prove ment can

be very use ful. When one set of parts is done, the vari ables will be changed for dif fer ent cut ting

con di tions, and the same subprogram can be called again. How ever, this brings very close the

sub ject of 'real' mac ros - a sub ject needed to learn in more depth.
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Local Variables and Nesting Levels

Subprograms and mac ros can both be nested within the pro gram structure. Nest ing, as a pro -

gram ming feature, means that one subprogram or one macro can call an other subprogram or a

macro, which can call an other subprogram or a macro, and so on, up to four lev els deep. Having a 

four-level depth of nest ing offers some real pro gram ming power, but it is rather rare to pro gram

more than two lev els of nest ing depth. Re gard less of how many lev els the macro (or subprogram)

is nested, it is im por tant to un der stand the re la tion ship be tween lo cal vari ables and each macro

level. Fig ure 18 is a sche matic rep re sen ta tion of the macro nest ing, show ing all four levels:

As the il lus tra tion shows, each set of lo cal vari ables #1 to #33 can be de fined up to five times -

once in the main pro gram, and once for each macro level (up to four more times).

Ev ery time a new nest ing level is pro cessed, the new set of vari ables takes over for that macro,

but the old set is still in mem ory, and will be re called when the macro re turns to the level it orig i -

nated from. The vari ables will still re tain their val ues. Re mem ber that it is the mis cel la neous func -

tion M99 that clears all lo cal vari ables, not a jump to an other pro gram. Un til the pro gram flow

en coun ters the M99 func tion (end of subprogram or a macro), no lo cal vari able is cleared. When

the whole pro gram is com pleted, pro gram end func tion  M30 will clear any and all lo cal vari ables

de fined in the main pro gram. Lo cal vari ables can not be passed from one macro to an other - that is

why they are called lo cal vari ables.

In many macro de vel op ment cases, there is a strong need to pass a de fined vari able from one

macro to an other macro. For nest ing, this re quire ment presents no prob lem, as just shown. The

prob lem be comes ap par ent, when the lo cal vari ables have been cleared and there still is the need

to pass one or more vari able val ues to an other macro. To achieve this goal, Fanuc of fers an other

set of vari ables - an other range - called the com mon vari ables - vari ables that can be passed from

one macro to an other, with out be ing cleared be fore the transfer.  
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O0001
(MAIN)

G65 P9001 --

M30
%

#1=...
...
#33=...

G65 P9002 --

M99

O9001

#33=...

#1=...
...

(SUBPRG)

M99
%

O9002

G65 P9003 --

#33=...

(SUBPRG)
#1=...
...

M99
%

O9003

G65 P9004 --

#33=...

(SUBPRG)
#1=...
...

M99
%

O9004

#33=...

(SUBPRG)
#1=...
...

............

Figure18

Local variables definitions and levels of macro nesting
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Common Variables

The sole pur pose of com mon vari ables is that they re main ac tive when the macro they were de -

fined in is com pleted. Make sure to un der stand how the com mon vari ables work (there are some

dif fer ences be tween con trol mod els), and also when and how the com mon vari ables are cleared.

Com mon vari ables are never as signed as ar gu ments in the G65 macro call. They can only be

de fined in the macro body, and they start with the first com mon vari able - #100. There is an other 

range of com mon vari ables, one that starts with the com mon vari able #500. The dif fer ence be -

tween the two is very sig nif i cant:

Variables #100 to #199 are cleared when the power of the control system is turned off

Variables of the #500 to #999 range remain in effect
even when the power to the control system has been turned off

For the com mon vari ables in the ranges #100 to #199 and #500 to #999, Fanuc of fers four

avail able op tions (ac tual num ber of avail able vari ables) on its var i ous con trols:

o #100  to  #149  and     #500  to  #549      Option A

o #100  to  #199  and   #500  to  #599      Option B

o #100  to  #199  and   #500  to  #699      Option C

o #100  to  #199  and   #500  to  #999      Option D

If the op tional range of com mon vari ables is avail able (#100 to #199 and #500 to #999),

some loss of stor age space is nor mal and should be ex pected. For the first three op tions (A, B, and 

C), the avail able mem ory will de crease by about 1000 char ac ters, the mem ory stor age ca pac ity

for the D op tion will de crease by about 3000 char ac ters. Usu ally, this loss does not pres ent a ma -

jor hard ship, but is a loss that should be con sid ered when us ing the var i ous op tions.

Volatile and Nonvolatile Memory Groups

In com put ing terms, the words vol a tile and non vol a tile are as so ci ated with the avail able RAM

(Ran dom Ac cess Mem ory) of the com puter. Im por tant data has to be saved to files, in or der to

guar an tee that the data is per ma nently stored. How ever, dur ing the data de vel op ment it self (for

ex am ple, dur ing word pro cess ing), the un saved data in tem po rarily kept in the com puter ran dom

ac cess mem ory un til it is saved. If there is a power in ter rup tion or a soft ware failure be fore the

data can be saved to a file, this data is lost, be cause RAM is a vol a tile type of mem ory.

The com mon vari ables #100 to #149 or the op tional set of #100 to #199 are au to mat i cally

set to the null value (empty and va cant), when the power of the CNC sys tem is turned off. This

group of vari ables is called the vol a tile group.

Vari ables in the range of #500 to #999 will hold the stored data, even af ter the CNC sys tem is

turned off (power-off). This group of vari ables is called the non vol a tile group.
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Input Range of Variables

All lo cal and com mon vari ables (but not the sys tem vari ables) can be pro grammed with a large

range of in put val ues. Even when sel dom needed, it is im por tant to know that there are max i mum

and min i mum lim its within the range and what the lim its ac tu ally are. The limit ranges for lo cal

and com mon vari ables used in mac ros are:

Input of zero 0

Negative input -1047  to  -10-29

Positive input 10-29  to  1047

An out-of-range in put, or an in valid out-of-range re sult of a cal cu la tion, will al ways re sult in an

alarm con di tion. For ex am ple, alarm No.111 is gen er ated on Fanuc 16/18/21 con trols, in case of

out-of-range value.

Out-of-Range Values

If the row of as ter isks, for ex am ple, ********, ap pears in the vari able data dis play on the

con trol screen, it in di cates an out-of-range value, ei ther as an over flow or an un der flow value of

the in put data or cal cu la tion. This un wanted re sult is usu ally caused by an in cor rect for mula, typ -

ing er ror or some other cal cu la tion in put.

Def i ni tions of both over flow and un der flow con di tions can be eas ily de fined:

OVERFLOW value is defined
when the absolute value of the variable

is greater than 99999999.0

UNDERFLOW value is defined
when the absolute value of the variable

is less than 0.0000001 

Cal cu la tor Analogy

Over flow and un der flow sit u a tions oc cur ring in macro ex e cu tion can be com pared to er rors

gen er ated by most sci en tific cal cu la tors. For ex am ple, when at tempt ing to cal cu late the tan gent

value of a ninety de gree an gle - entering TAN..90 or 90..TAN (tan gent of ninety de grees) will re -

sult in er ror (cor rect keyboarding is assumed).
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Set Variable Name Function SETVN

On the some con trols, for ex am ple the Fanuc 15, com mon vari ables of the 500+ range can be

set to a com mon name, up to eight char ac ters long. This is a very con ve nient re minder that these

are spe cial vari ables, usu ally per ma nent, and should not be tam pered with.

The func tion avail able for this pur pose is called SETVN (Set Vari able Name), and can be used

with a sin gle vari able or a range of vari ables:

...

SETVN500[PROBEDIA] Variable name defined for #500

#500 = 6 Value of defined variable assigned

...

A string of def i ni tions will de fine a range of a se quen tial vari able, when the start ing vari able is

spec i fied:

...

SETVN500[PROBEDIA, HOLEDIA, XPOS, YPOS] Variable names defined, starting with 500

#500 = 6 Value of the starting variable PROBEDIA defined

#501 = 78.0 Value of the next variable HOLEDIA defined

#502 = 300.0 Value of the next variable XPOS defined

#503 = 250.0 Value of the next variable YPOS defined

...

This sec tion is only in cluded here to pro vide ad di tional in for ma tion, not nec es sar ily as a tool for 

ev ery day macro work. Us age of the SETVN func tion in mac ros is not com mon.

Protection of Common Variables

Com mon vari ables #500 to #627, for Fanuc 10/11/15 only, can be pro tected from any data in -

put. Typically, the set value to be pro tected is in put first, while the vari able is not pro tected - then

the vari able or vari ables can be protected by set ting two sys tem pa ram e ters:

Parameter 7031 The first variable to protect (input is 0 to 127)

Parameter 7032 The number of variables to protect (input is 0 to 127)

2 Example:

Fanuc 15 con trol pa ram e ter 7031 is set to 11, while pa ram e ter 7032 is set to 5 - then ...:

Vari ables #511, #512, #513, #514, and #515 will be pro tected from data in put, such as

copy ing, ed it ing, de let ing, etc.
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MACRO FUNCTIONS

Up to now, the macro re lated sub jects cov ered macro struc ture, lo cal and com mon vari ables

(sys tem vari ables are still to come), and as sign ing vari ables. Fanuc Cus tom Mac ros sup port a va -

ri ety of spe cial func tions that can be used in the body of a macro and some even in the body of the

main pro gram or subprogram. These func tions are typ i cally as so ci ated with math e mat i cal cal cu la -

tions, log i cal op er a tions, con ver sions, and var i ous for mu las. All together, they form a very strong 

group of macro pro gram ming tools.

Function Groups

Sev eral macro ex am ples have been pre sented in the pre vi ous chap ters. In this chap ter, the sub -

ject of func tions will be cov ered in great de tail, in clud ing ex am ples of their us age.

Fanuc CNC sys tem (in the macro mode) can per form many arith me tic, al ge braic, trig o no met -

ric, mis cel la neous, and log i cal cal cu la tions on ex ist ing vari ables, us ing var i ous for mula for mats

and con ver sions. For mac ros, the CNC pro gram mer has a com plete con trol. In the def i ni tion for -

mat of vari ables, the ex pres sion at the right side of the equal sign (=) may con tain con stants and

var i ous com bined op er a tions. There are some re stric tions and lim i ta tions men tioned through out

the hand book, but over all, the sub ject of func tions adds a very pow er ful and de sired tool to macro

programming.

Macro func tions can be sep a rated into groups, to make their un der stand ing and us age eas ier to

learn. When view ing the var i ous set tings of ac tive vari ables on the con trol dis play screen, it is not

un usual to see data with many lead ing and trail ing ze ros. This ap pear ance is all part of the dis play

only - the ze ros are of ten not writ ten in the macro pro gram.

In all ex am ples, the lead ing and trail ing ze ros are ig nored, un less they are spe cif i cally re quired.

The avail able macro func tions can be di vided into six groups:

u ARITHMETIC functions

u TRIGONOMETRIC functions

u ROUNDING functions

u MISCELLANEOUS functions

u LOGICAL functions and operations

u CONVERSION functions
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Definition of Variables Revisited

The lo cal vari ables can be de fined in the macro call G65 or G66, or in the main pro gram it self.

The com mon vari ables can only be de fined in the body of the pro gram, ei ther in the main pro -

gram, or in the macro. Typically, the vari able is de fined first, and used later, once or many times. 

This pro cess is called 'ref er enc ing' a vari able.

Referencing Variables

Ref er encing a vari able means re plac ing the vari able num ber with the pre vi ously stored data

value. For ex am ple, in one of the ear lier ex am ples, the cut ting feedrate value was stored into the

vari able #9:

#9 = 225.0 Assigns the value of 225.0 to variable #9

In the pro gram, the feedrate was called as a nor mal CNC word, by re fer ring the vari able to the

F-ad dress but writ ing it as F#9. A lo cal vari able not avail able as a let ter in the As sign ment List (1

or 2) can only be ref er enced in the pro gram body:

#33 = 1 Assigns the value of 1 to variable #33

In the pro gram, the new vari able can be used by it self or in an ex pres sion:

WHILE [#33 LE 6] DO1 Repeat a loop as long as condition [#33 LE 6] is true

The vari able #33 is not as so ci ated with any let ter; in the ex am ple, it is used as a coun ter. It is

used for eval u at ing the pro gram flow, in a con di tional state ment - [#33 LE 6] is the con di tion.

This sub ject will be cov ered in Chap ter 13.

Not all val ues have to be pos i tive. Neg a tive def i ni tions and ref er ences are very im por tant in

mac ros, and many er rors are of ten caused by an in cor rect ref er enc ing. Watch the dif fer ence in the 

fol low ing ex am ples - the ob jec tive is to pro gram the Z-depth as Z-12.75, us ing vari able data:

#26 = 12.75 Assigns the positive value (12.75) to variable #26

In the pro gram, the Z-depth must be pro grammed as Z-#26. The called vari able must be neg a -

tive! Can the def i ni tion it self be neg a tive? Yes, it can:

#26 = -12.75 Assigns the negative value (-12.75) to variable #26

In the pro gram, the Z-depth must be pro grammed as Z#26. The called vari able must be pos i -

tive!

There is a way to al ways guar an tee that the re quired value will be neg a tive, re gard less whether

the in put value is pos i tive or neg a tive. It uses the macro func tion ABS - ab so lute value of a num -

ber, ex plained in the mis cel la neous func tion sec tion of this chap ter.
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Vacant or Empty Variables

In many cases, a vari able may also be un de fined. In this case, the vari able is 'de fined' as #0,

which iden ti fies a null vari able (null state). A null vari able has no value, it is va cant. It can be

read, but it can not be writ ten to - these types of vari ables are of ten called the read-only vari ables.

For ex am ple,

#500 = #0 Assigns a null value to variable #500

#33 = #0 Assigns a null value to variable #33

#1 = #33 + #500 #1 will add 0 to a 0 and return 0

The sec tion de scrib ing various arith me tic func tions in this chap ter also de scribes han dling of va -

cant vari ables in cal cu la tions. A null vari able is also called a va cant or an empty vari able. In a

macro, cer tain rules of va cancy ap ply. It is important to know the re turn value of a vari able, when 

va cancy is in ef fect.

Do not confuse a vacant variable with a variable that has a zero value !

#101 = 0 Variable #101 has a zero value - stored value is 0 !

#102 = #0 Variable #102 is vacant (empty) - no value ! 

Using these two vari ables as stored, look at the stored val ues of vari ables that use them:

#1 = #101 Variable #1 has a zero value - stored value is 0 !

#2 = #102 Variable #2 is vacant (empty) - no value !

More com plex ap pli ca tions  in clude axis mo tion com mands, math func tions and con di tional ex -

pres sions. These are the three con di tions to watch for in terms of va cancy rules - they re late to the:

o Addresses for axis motion command

o Mathematical operations

o Conditional expressions

Only the first two con di tions are ex plained in this chap ter, the last one is de scribed in the chap -

ter on branch ing and loop ing.

Axis Motion Commands and Null Variables

If an un de fined vari able is ref er enced, the vari able is ig nored dur ing pro cess ing of  tool mo tion, 

for ex am ple:

G90

#24 = #0 Used for X-axis: X-value is null = no X-value

#25 = #0 Used for Y-axis: Y-value is null = no Y-value

...

G00 X#24 Y#25 Same as  G00 only (with no X or Y axis)
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The pre vi ous ex am ple will re sult in the equiv a lent of G00 rapid com mand only. The X-value

and the Y-value in the ex am ple will be ig nored! Fanuc does not 'as sume' any value, and there is

no de fault op tion.

If only one of the vari ables is un de fined, only that vari able will be ig nored, the other one will be 

pro cessed as in tended:

G90

#24 = #0 Used for X-axis: X-value is null

#25 = 0 Used for Y-axis: Y-value is 0

...

G00 X#24 Y#25 Same as  G00 Y0 (with no X axis)

The pre vi ous ex am ple will re sult in the equiv a lent of G00 Y0 mo tion com mand. The X-value in 

the ex am ple will be ig nored!

On the other hand, if the value of a vari able is 0 (zero), it be comes the value of the spec i fied

axis mo tion ad dress:

G90

#24 = 0 Used for X-axis: X-value is 0

#25 = 0 Used for Y-axis: Y-value is 0

...

G00 X#24 Y#25 Same as  G00 X0 Y0 (both axes are active)

Er rors caused by the wrong ref er enc ing of vari ables used for axis mo tion com mands are easy to 

make, but of ten dif fi cult to find.

Terminology

Just like any other field, CNC pro gram ming has its own spe cial words, its own jar gon - its own

ter mi nol ogy. Macros, be ing a part of CNC pro gram ming, share the ter mi nol ogy and add some

more of its own. In mac ros, there are sev eral expressions re lated to vari ables and func tions that

may not be fa mil iar. Some of these terms may be self-explanatory, oth ers could be mis un der stood

and should be qual i fied.

Here is the list of the most com mon terms and ex pres sions re lated to mac ros:

o Evaluate … Process  - or act upon - the given variable or function

o Current value The value stored in a variable at a given time

o Contents of … Same as Current value

o Referencing Previously defined variable is called by its number

o Returned value The new value that is the result of a calculation

o Result of … Same as Returned value

o Substitution Storing new data in a previously defined variable,  also known as redefinition

o Redefinition Same as Substitution

Many of these terms are used through out the hand book, and in many other pub li ca tions.
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Arithmetic Functions

There are sev eral macro func tions re lat ing to math e mat i cal cal cu la tions. The sim plest of them

are the four ba sic arith me tic func tions, used in vari ables and also avail able to the mac ros. The

arith me tic func tions use the fol low ing sym bols:

  +   -   *   /  

Function Known as … Symbol

Sum Addition +

Difference Subtraction -

Product Multiplication *

Quotient Division /

In or der to un der stand any func tion, it is im por tant to eval u ate a few ex am ples. In the fol low ing

ex am ples, the func tion is on the left, its re turned value - the re sult - on the right:

#1 = 3.5 3.5 Returned value of variable #1 is 3.5

#2 = 4.25 4.25 Returned value of variable #2 is 4.25

#3 = 2.0 + 5.0 7.0 Returned value of variable #3 is a sum of 2+5

#4 = #3 + 1 8.0 Add 1 to the result of variable #3

#5 = #2 - 0.8 3.45 Subtract 0.8 from the current value of variable #2

#6 = #1 - #3 -3.5 Subtract contents of #3 from the contents of #1

#7 = #2 * 6 25.5 Multiply contents of #2 by 6

#8 = 7.0 / 8.0 0.875 Divide 7 by 8 as real numbers

#9 = 7 / 8 0.875 Divide 7 by 8 as integer numbers

Nesting

Nest ing means the con tents of brack ets (not pa ren the ses) will be pro cessed first - compare:

#10 = 9.0 - 3.0 / 2.0 7.5 Division first, then multiplication

#11 = [9.0 - 3.0] / 2.0 3.0 Multiplication first, then division
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Arithmetic Operations and Vacant Variables

So far, the fo cus was at va cant vari ables as they were ap plied to the axis mo tion com mand. Va -

cant vari ables can also be used as a part of the var i ous math e mat i cal op er a tions, and it is very im -

por tant to un der stand how they be have in that en vi ron ment. Math e mat i cal op er a tions in clude

re def i ni tion (substitution) of vari ables, as well as arith me tic, al ge braic, trig o no met ric, and other

types of cal cu la tions. On the ba sic level, the rules are slightly dif fer ent for ad di tion and sub trac -

tion than for mul ti pli ca tion and di vi sion. The fol low ing ex am ples should clar ify the most com mon

pos si bil i ties en coun tered in mac ros:

2 SUBSTITUTION

u Vacant variable substituted will remain vacant:

#1 = #0 #1 defined as vacant

#2 = #1 #2 also defined as vacant

u Zero value variable substituted will remain zero:

#1 = 0 #1 defined as a zero value

#2 = #1 #2 also defined as a zero value

2 ADDITION

u Vacant variable added to a value is the same as an increase by zero:

#1 = #0 #1 defined as vacant

#2 = 15.7 + #1 #2 will add 0 and return 15.7

#3 = #1 + #1 #3 will add 0 to a 0 and return 0

u Zero value variable added to a value is the same as an increase by zero:

#1 = 0 #1 defined as zero

#2 = 15.7 + #1 #2 defined as 15.7

#3 = #1 + #1 #3 will add 0 to a 0 and return 0

2 SUBTRACTION

u Vacant variable subtracted from a value is the same as a decrease by zero:

#1 = #0 #1 defined as vacant

#2 = 15.7 - #1 #2 will subtract 0 and return 15.7

u Zero value variable subtracted from a value is the same as a decrease by zero:

#1 = 0 #1 defined as zero (0)

#2 = 15.7 - #1 #2 will subtract 0 and return 15.7
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2 MULTIPLICATION

u Multiplication by a vacant variable is the same as a multiplication by zero:

#1 = #0 #1 defined as vacant

#2 = 15.7 * #1 #2 will multiply by 0 and return 0.0

u Multiplication by a zero value variable is the same as a multiplication by zero:

#1 = 0 #1 defined as zero

#2 = 15.7 * #1 #2 will multiply by 0 and return 0.0

2 DIVISION

u Division by a vacant variable is the same as a division by zero:

#1 = #0 #1 defined as vacant

#2 = 15.7/#1 #2 will divide by 0 and return 0.0 (Error condition)

u Division by a zero value variable is the same as a division by zero:

#1 = 0 #1 defined as zero (0)

#2 = 15.7/#1 #2 will divide by 0 and return 0.0 (Error condition)

Division by Zero

Even the least ex pen sive pocket cal cu la tor re turns an Er ror mes sage, if the cal cu la tion at tempts

to di vide any value by zero. CNC sys tem and macro cal cu la tions are no dif fer ent. The two di vi -

sion ex am ples above il lus trate the point. Al though the re turned value may be a dis played zero, this 

value can not be used, be cause of the er ror (alarm) con di tion that has been caused. To elim i nate

the er ror con di tion, the con trol sys tem has to be re set first, then the cause of the er ror elim i nated.

u Division BY zero is not permitted

#1 = 5/0 Returns an error condition

u Division OF zero is permitted (although seldom used)

#1 = 0/5 Returns zero (0)

It is un likely that the pro gram mer would di vide by zero in the pro gram directly, un less in er ror.

What is more likely rea son for such an er ror is a re sult of a cal cu la tion:

#1 = 5 Value of 5 stored in #1

#2 = #1 - 5 Value of 5 subtracted from #1, returning 0

#3 = 10/#2 Value of 10 divided by #2, which is zero - result is ERROR
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Trigonometric Functions

Trig o no met ric vari ables avail able in mac ros are used to cal cu late an gles or data re lated to an -

gles. Ex am ples in clude cal cu la tion of rect an gu lar co or di nates, so lu tion of right an gle tri an gles,

an gle val ues, etc. All trig o no met ric func tions can be ap plied in mac ros, al though not all are avail -

able on all Fanuc con trol mod els. The most com mon en try of an an gle will be in the dec i mal for -

mat. For many part draw ings that still in di cate an gles in the De grees-Min utes-Sec onds for mat

(D-M-S), trans la tion to dec i mal de grees is nec es sary.

Conversion to Decimal Degrees

An an gle can be ex pressed ei ther as a whole num ber, for ex am ple 38, or as a dec i mal de gree

rep re sen ta tion, for ex am ple 12.86. The De grees-Min utes-Sec onds for mat (D-M-S) is not al lowed, 

is gen er ally con sid ered ob so lete in mod ern CAD/CAM, and must be con verted to dec i mal de grees 

first, if nec es sary.

The con ver sion is quite sim ple:

D     D    
M

60
    

S

3600
d = + +

+ where …

Dd = Decimal degrees
D = Degrees   (sometimes indicated as H or HR on calculators)
M = Minutes   (there is 60 minutes in an hour)
S = Seconds   (there is 3600 seconds in an hour)

2 Example:

10°36’27” = 10 + 36/60 + 27/3600 = 10.6075°

Of course a cal cu la tion us ing vari ables can be used for the same pur pose:

#1 = 10.0 Value of degrees

#2 = 36.0 Value of minutes

#3 = 27.0 Value of seconds

#101 = #1 + #2/60 + #3/3600 Result is decimal degrees of the given D-M-S angle

Available Functions

The fol low ing trig o no met ric func tions are gen er ally avail able for mac ros:

  SIN   COS   TAN   ATAN   ASIN   ACOS  
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All in put for SIN, COS, and TAN is in de grees and the out put of the in verse func tions ATAN,

ASIN and ACOS is also in de grees.

In verse func tions are usu ally marked as  tan-1,  sin-1, and  cos-1 on the cal cu la tor.

#1 = SIN[38] 0.6156615 (actual value must be in brackets)

#2 = 23.7 23.7

#3 = COS[#2] 0.9156626 (reference to a variable must be in brackets)

#4 = TAN[12.86] 0.2282959

The in verse trig o no met ric func tions ac cept the length of two sides of a tri an gle, both en closed in 

brack ets, and sep a rated by the slash sym bol stand ing alone be tween them. The ac cept able range is 

within  0 <= RESULT < 360:

#5 = ATAN[0.25]/[0.5] 26.5650512    (note the position of the slash !!!)

ASIN and ACOS functions are not available on 0/16/18/21 model controls !

Rounding Functions

Cal cu la tions of ten re sult in a value with too many dec i mal places. In CNC work, only three dec -

i mal places can be used for met ric units, or four dec i mal places for Eng lish units in the pro gram or 

a macro. Some round ing is nec es sary and should be ex pected. There are three func tions avail able

in mac ros that con trol the rounded value of a given num ber - they are sim i lar to each other, but

def i nitely not the same:

  ROUND   FIX   FUP  

The ROUND func tion is de signed to round off the sup plied value to a whole num ber (round off

frac tions un der 1.0). The func tion dis re gards frac tions that are less than 0.5. For frac tions that are 

equal to or greater than 0.5, the next whole num ber is the rounded value:

ROUND[0.00001] Returns 0.0

ROUND[0.5] Returns 1.0

ROUND[0.99999] Returns 1.0  

ROUND[1.0] Returns 1.0  

A value that had been stored pre vi ously into a vari able, can be rounded in the same way as a di -

rectly input value:

#1 = 1.3    Returns 1.3

#2 = 1.6 Returns 1.6

ROUND[#1]   Returns 1.0

ROUND[#2]  Returns 2.0
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There are small dif fer ences in us age of the ROUND func tion, de pend ing on ap pli ca tion. If the

ROUND func tion is used in a def i ni tion of a vari able, the round ing ef fect will al ways be to the

near est in te ger value. For ex am ple:

#101 = 19/64  Returns 0.296875

#102 = ROUND[#101] Returns 0.0

The ROUND func tion may also be used in a CNC state ment. First, store a value:

#101 = 19/64 Returns 0.296875

In the Eng lish sys tem of units, the small est unit in cre ment is 0.0001 of an inch, so the round ing

will be to the four dec i mal place ac cu racy (also known as round ing to the least in cre ment). In a

CNC state ment, the round ing will be ac cu rate to 4-dec i mal places:

G20 English mode

#101 = 19/64 Returns 0.296875 (English units)

G91 G01 X[ROUND[#101]] F10.0 Uses X0.2969 motion

In the met ric sys tem of units, the small est unit in cre ment is 0.001 of a mil li me ter (one mi cron),

so the round ing will be to the three dec i mal place ac cu racy (to the least in cre ment). In a CNC

state ment, the round ing will be ac cu rate to 3-dec i mal places:

G21 Metric mode

#101 = 19/64 Returns 0.296875 (Metric units)

G91 G01 X[ROUND[#101]] F250.0 Uses X0.297 motion

As a sim pli fied ex am ple of a pos si ble ap pli ca tion, sev eral sim u lated mo tions will be pro -

grammed us ing a pre de fined frac tional di men sions. The tool will move in three stages - rapid out

from the start po si tion, feed out a lit tle fur ther, and rapid back in to the start po si tion (only one

axis is used in the demonstration). In or der to test the us age of the ROUND func tion on the ma chine 

con trol, first en ter the fol low ing pro gram into the con trol sys tem, then reg is ter the cur rent XY co -

or di nate of the tool po si tion at the start of pro cess ing:

N1 G20 English units input

N2 #100 = 3 + 19/64 Input value of 3.296875 (motion A)

N3 #101 = 2 + 5/64 Input value of 2.078125 (motion B)

N4 G91 G00 X-#100 Incremental motion A to the left  X-3.2969

N5 G01 X-#101 F20.0 Incremental motion B to the left  X-2.0781

N6 G00 X[#100+#101] Incremental motion A+B to the right may not be rounded 

N7 M00 End of example

Com pare the tool po si tion at the be gin ning of the test, be fore run ning the pro gram, and com -

pare it with the tool po si tion af ter the pro gram has been ex e cuted. The tool po si tion co or di nates

XY may or may not be the same. The start po si tion and the end po si tion of the tool may be off, de -

pend ing on the type of value to be rounded. This prob lem is com pounded by the fact that the er ror

is ac cu mu la tive - the more parts are ma chined, the more se vere the de vi a tion er ror will be. This is

due to the round ing ef fect of the con trol sys tem.

118 Chapter 9

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



To cor rect the ac cu mu la tive er ror, or if you want to be ab so lutely cer tain, you have to round the 

mo tion in one di rec tion to equal to the mo tion in the op po site di rec tion:

N1 G20 English units input

N2 #100 = 3 + 19/64 Input value of 3.296875 (motion A)

N3 #101 = 2 + 5/64 Input value of 2.078125 (motion B)

N4 G91 G00 X-#100 Incremental motion A to the left  X-3.2969

N5 G01 X-#101 F20.0 Incremental motion B to the left  X-2.0781

N6 G00 X[ROUND[#100]+ROUND[#101]] Incremental motion A+B to the right will be rounded

N7 M00 End of example

Rounding to a Fixed Number of Decimal Places

There are times when a frac tional value has to be rounded to a spe cific (fixed) num ber of dec i -

mal places. Typ i cally, three dec i mal places are re quired for the met ric sys tem, four dec i mal

places are re quired for the Eng lish sys tem, and per haps one dec i mal place is re quired for cut ting

feedrate, re gard less of the units se lected.

In the fol low ing two ex am ples, two given val ues will use a few techniques, pro vid ing the re sults 

of dif fer ent round ing meth ods:

2 Example 1 - Given fractional value is over 0.5 :

#1 = 1.638719 Value to be rounded to a specific number of decimal places

If the ROUND func tion is ap plied to this defined value, it will re turn the next whole num ber:

ROUND[#1] Returns 2.0

In or der to round the given value to a cer tain num ber of dec i mal places, the to tal of three steps

will be nec es sary.

STEP 1 - The first step re quires the given value to be mul ti plied by the fac tor of:

10 ... to round off to one decimal place

100 ... to round off to two decimal places

1000 ... to round off to three decimal places typical for metric system

10000 ... to round off to four decimal places typical for English system

… and so on

For ex am ple:

#2 = #1 * 1000 Returns 1638.719 (Metric example)

#3 = #1 * 10000 Returns 16387.19 (English example)
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STEP 2 - The sec ond step re quires us ing the ROUND func tion on the re turned value:

#2 = ROUND[#2] Returns 1639.0 (based on the result of Step 1)

#3 = ROUND[#3] Returns 16387.0 (based on the result of Step 1)

STEP 3 - The third step will di vide the rounded value by the same mul ti ply ing fac tor as be fore:

#2 = #2/1000 Returns 1.639 (based on the result of Step 2)

#3 = #3/10000 Returns 1.6387 (based on the result of Step 2)

In the macro pro gram, the three steps can be used as de scribed, but a more com mon method is

to pro cess all three func tions in a sin gle nested state ment:

#1 = 1.638719 Value to be rounded to a specific number of decimal places

#2 = ROUND[#1*1000]/1000 Returns 1.639

#3 = ROUND[#1*10000]/10000 Returns 1.6387

Improper rounding may cause a cumulative error in calculations !

2 Example 2 - Given fractional value is under 0.5 :

#4 = 1.397528 Value to be rounded to a specific number of decimal places

If the ROUND func tion is ap plied to this given value, it will re turn the last whole num ber:

ROUND[#4] Returns 1.0

In or der to round the given value to a cer tain num ber of dec i mal places, the to tal of three steps

will be nec es sary.

STEP 1 - The first step re quires the given value to be mul ti plied by the fac tor of:

10 ... to round off to one decimal place

100 ... to round off to two decimal places

1000 ... to round off to three decimal places typical for metric system

10000 ... to round off to four decimal places typical for English system

… and so on

For ex am ple:

#5 = #4 * 1000 Returns 1397.528 (Metric example)

#6 = #4 * 10000 Returns 13975.28 (English example)
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STEP 2 - The sec ond step re quires using the ROUND func tion on the re turned value:

#5 = ROUND[#5] Returns 1398.0 (based on the result of Step 1)

#6 = ROUND[#6] Returns 13975.0 (based on the result of Step 1)

STEP 3 - The third step will di vide the rounded value by the same mul ti ply ing fac tor as be fore:

#5 = #5/1000 Returns 1.398 (based on the result of Step 2)

#6 = #6/10000 Returns 1.3975 (based on the result of Step 2)

In the macro pro gram, the three steps can be used as de scribed, but a more com mon method is

to pro cess all three func tions in one nested state ment:

#4 = 1.397528 Value to be rounded to a specific number of decimal places

#5 = ROUND[#4*1000]/1000 Returns 1.398

#6 = ROUND[#4*10000]/10000 Returns 1.3975

Ac cu racy in round ing is ex tremely im por tant, not only for the fi nal di men sions of the ma chined

part, but also for track ing er rors in the macro pro gram. Inaccuracies caused by cu mu la tive round -

ing er ror are not al ways easy to find.

Al ways use care in pro gram ming rounded val ues

FUP and FIX Functions

The re main ing two round ing func tions are used to round a given value up or down only, re gard -

less of whether the dec i mal por tion is over or un der 0.5.

The FUP func tion is de signed to round up the given value (raise frac tions less than 1.0).

FUP[0.00001] Returns 1.0

FUP[0.5] Returns 1.0

FUP[0.99999] Returns 1.0

FUP[1.0] Returns 1.0

The FIX func tion is de signed to round down the given value (dis card frac tions less than 1.0) - 

i.e., strip all val ues af ter dec i mal point.

FIX[0.00001] Returns 0.0

FIX[0.5] Returns 0.0

FIX[0.99999] Returns 0.0

FIX[1.0] Returns 1.0

The FUP and  FIX func tion are commonly used in es tab lish ing the num ber of it er a tions (count -

ing loops) and for other count ing (rather than cal cu lat ing) pur poses.
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Miscellaneous Functions

Five macro ori ented mis cel la neous func tions are avail able for programming macro expressions. 

The fol low ing five func tions are avail able:

  SQRT   ABS   LN   EXP   ADP  

Do not con fuse these macro func tions with CNC mis cel la neous func tions, such as M01.

SQRT and ABS Functions

Only the first two func tions listed are used fre quently in macros.

The SQRT func tion cal cu lates the square root of a num ber sup plied be tween brack ets:

SQRT[16] Returns 4.0

SQRT[16.0] Returns 4.0

#1 = 16.0 Returns 16.0

SQRT[#1] Returns 4.0

The ABS func tion (ab so lute func tion) al ways returns a pos i tive value of a given number:

ABS[-23.6] Returns 23.6

ABS[23.6] Returns 23.6

Using the ABS func tion is very use ful when in teg rity of the sup plied or cal cu lated value is im -

por tant in terms of a math e mat i cal sign. The ABS func tion will al ways re turn a pos i tive equiv a lent 

of the sup plied nu mer i cal value and guar an tees a re turned pos i tive number.

The next ex am ple uses the ABS func tion, to guar an tee the re quired sign of a given num ber.  

2 Example - using the  ABS  function :

Pro gram ming a depth of a tool (end mill, drill, tap, etc.) as an as signed value in the macro call

G65, chances are that the as sign ment rep re sent ing the Z-depth will be en tered as neg a tive value,

es pe cially for jobs where the Z0 is set at the top of the part - for ex am ple:

G65 P8999 R2.0 Z-15.6 F175.0

Some where within the body of macro pro gram O8999, the pro gram sec tion that calls the vari -

able #26 (Z-depth), must be en tered with out the mi nus sign:

...
G99 G81 R#18 Z#26 F#9
...
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This is a cor rect ap pli ca tion, but not a safe ap pli ca tion. What hap pens, if the pro gram mer ac ci -

den tally en ters the Z-depth ar gu ment as a pos i tive value? The tool will move above the work, in -

stead of into the work. It may not pres ent a big prob lem but an ir ri ta tion it is. Of course, the signs

of the ar gu ment and macro data could be re versed - the G65 Z-depth ar gu ment will be a pos i tive

num ber, for ex am ple Z15.6, the vari able call in the macro will be neg a tive, for ex am ple Z-#26.

Again - good, but still not a safe ap pli ca tion. What if the ar gu ment is also de fined as neg a tive? 

Us ing the ABS func tion - and a lit tle in ge nu ity - the G65 Z-depth ar gu ment can be pro grammed

with ei ther a pos i tive value or a neg a tive value, and still get a neg a tive cut ting di rec tion (Z-mi nus

di rec tion). Im pos si ble? Study the next ex am ples - whether the Z-depth ar gu ment is de fined as pos -

i tive or neg a tive, only one macro is used with a guar an teed di rec tion of the toolpath into the

material: 

2 Positive Z-depth argument:

G65 P8999 R2.0 Z15.6 F175.0 Z-depth argument is positive

2 Negative Z-depth argument:

G65 P8999 R2.0 Z-15.6 F175.0 Z-depth argument is negative

The key to suc cess is the macro call. It must use the ABS func tion that will con vert the ar gu ment 

into a pos i tive value. Then us ing a neg a tive Z-value, the tool mo tion will al ways be into the part:  

G99 G81 R#18 Z-[ABS[#26]] F#9 Negative Z guarantees negative tool motion

Note the Z-depth en try - it must neg a tive within the macro! Once the macro is proven and saved, 

it can be pro tected by a pa ram e ter set ting, so there is no dan ger of an ac ci den tal change. What ex -

actly will hap pen when the above macro state ment is pro cessed?

If the spec i fied ar gu ment is pos i tive, ABS[#26] will leave it as pos i tive, so ABS[#26] will be 

equal to 15.6. Since the Z-value in the macro is fixed as neg a tive, the neg a tive sign will pre cede

the stored value and the re sult will be Z-15.6, which is the de sired and cor rect en try.

If the spec i fied ar gu ment is neg a tive, ABS[#26] will change it into a pos i tive value, so the

ABS[#26] will be equal to 15.6. Since the Z-value in the macro is fixed as neg a tive, the neg a tive 

sign will pre cede the stored value and the re sult will also be Z-15.6, which is the cor rect en try.

NOTE:  This ex am ple is sim ple and per haps even clever. Al though it il lus trates a rel a tively

small macro func tion, it is in cluded here not only for the pur pose of de fin ing vari ables, but also

for the pur pose of a pro fes sional ap proach to pro gram ming. In mac ros, one of the big gest as sets

the pro gram mer may have is the abil ity to pre dict what can go wrong, be fore it goes wrong. What

kind of in put er ror is pos si ble, or even likely? Is there a way to pro tect the macro flow from such

an er ror? If there is, write the ap pro pri ate pro gram code. If there is not, at least try to find a way.

Not all er rors in cal cu la tions can be ex pected and pre vented. Some er rors may be pos si ble, but

vir tu ally im pos si ble to pre vent. Per haps a mes sage or a com ment to the CNC op er a tor may do

some good in min i miz ing the pos si bil ity.
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LN, EXP and ADP Functions

The re main ing three mis cel la neous macro func tions are used for spe cial pur poses only:

LN Nat u ral log a rithm func tion

EXP Ex po nent with the base 'e'  func tion

ADP Add a dec i mal point func tion

These func tions are not avail able on 0/16/18/21 model con trols.

The LN func tion, the EXP func tion, and the ADP func tions are rarely used. On the con trols that

ac cept these func tions, the ADP func tion may be the one most likely to of fer some benefit.

The ADP is the Add Dec i mal Point func tion. It ac cepts a lo cal vari able (#1 to #33) as an ar gu -

ment, and adds a dec i mal point to a value in the macro body, that was passed by the G65 argument 

with out a dec i mal point. Pa ram e ter #7000 (bit CVA) must be set 0. For ex am ple:

G65 P8999 Z25 No decimal point in the Z-assignment

Dur ing macro ex e cu tion, the value of the Z-vari able (#26) will be 25.0, if  ADP[#26] is pro -

grammed. This is a func tion that even Fanuc rec om mends to avoid and pro gram the dec i mal point

in the ar gu ment, if it is re quired. 

Logical Functions

For a pow er ful macro de vel op ment, pow er ful pro gram ming tools are needed. Log i cal func tions 

are some of these power tools and they can be di vided into two groups:

o Logical functions used for creating a CONDITION or a COMPARISON

o Logical operators performed on BINARY NUMBERS

Boolean Functions

To the first group be long the six stan dard com par i son op er a tors (of ten called Boolean op er a -

tors, or Boolean func tions):

  EQ   NE   GT   LT   GE   LE  

Boolean func tions com pare two val ues and re turn a true or false con di tion:

EQ = Equal to
NE = Not equal to
GT = Greater than
LT = Less than
GE = Greater than or equal to
LE = Less than or equal to
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Bi nary Num bers Functions

To the sec ond group be long the three log i cal op er a tors, used to per form log i cal op er a tion on a

bi nary num ber, bit by bit:

  AND   OR   XOR  

These three macro func tions are used for log i cal com par i sons in var i ous pro gram ming ap pli ca -

tions. The two most com monly used func tions are the AND and the OR func tions; the XOR (Ex clu -

sive OR) is used very sel dom. All three are used at ev ery bit of 32 bits.

The AND and OR func tions com pare two given con di tions. The com pared con di tions are eval u -

ated, and re turn ei ther the TRUE value or the FALSE value. True value means ‘True’, and False

value means ‘Not True’. In plain Eng lish, it is easy to un der stand the dif fer ence be tween the AND

and the OR func tions, be cause they fol low the ba sic logic of the Eng lish lan guage.

For ex am ple, the sen tence “Jack and Jill will go shop ping”, means that both of them will go

shop ping. The sen tence “Jack or Jill will go shop ping”, says some thing dif fer ent - that only one of 

them will go shop ping. These func tions have their equiv a lent in all high level lan guages - they are

called the bit val ues of TRUE and FALSE, and have one of the two pos si ble val ues - 1 or 0.

For ex am ple, if a given <Value 1> is com pared with a given <Value 2>, and used with the

AND func tion, both val ues must be true for the whole state ment to be true. On the other hand, if a

given <Value 1> is com pared with a given <Value 2>, and used with the OR func tion, only

one value of the state ment must be true for the whole state ment to be true. In ei ther case, a TRUE

value re turns 1, and a FALSE value re turns 0.

Boolean and Bi nary Examples

As an ex er cise, eval u ate the fol low ing macro data en tries. The first group is the given data, the

sec ond group is the eval u ated data, and the fi nal third group is the com pared data.

2 Given data :

#1 = 100.0 Stored value is 100.0

#2 = #0 No data - variable is VACANT (empty, null)

#3 = 100.0 Stored value is 100.0

#4 = 150.0 Stored value is 150.0

2 Evaluated data :

#5 = [#1 EQ #2] Returns 0  =  FALSE

#6 = [#2 EQ #3] Returns 0  =  FALSE

#7 = [#2 EQ #0] Returns 1  =  TRUE

#8 = [#1 EQ #3] Returns 1  =  TRUE

#9 = [#4 GT #3] Returns 1  =  TRUE
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2 Compared data :

#10 = [[#1 EQ #3] AND [#2 EQ #0]] TRUE because both values are true

#11 = [[#1 EQ #3] OR [#2 EQ #0]] TRUE because both values are true

#12 = [[#1 NE #4] OR [#4 LT #3]] TRUE because at least one value is true

#13 = [[#2 EQ #1] AND [#3 GT #4]] FALSE because neither value is true

#14 = [[#3 NE #0] OR [#1 EQ #2]]] FALSE because only one value is true

In all pre vi ous ex am ples, the cor rect use of the brack ets [] in the macro is very im por tant. If

the eval u ated con di tions are more com plex, for ex am ple in a multi-depth nest ing ap pli ca tion, the

brack ets will be nested as well, up to so many lev els that the macro pro gram will even tu ally be -

come dif fi cult to in ter pret. The so lu tion to this prob lem is to avoid ex ces sive nest ing, and use

multi-block def i ni tions in stead.

Conversion Functions

Spe cial con ver sions in a macro pro gram can be used for sig nal ex change to PMC and from

PMC. (PMC is the ab bre vi a tion of Pro gram ma ble Ma chine Con trol, and is not avail able on all

Fanuc con trol mod els). PMC is Fanuc ver sion of PLC - Pro gram ma ble Logic Con trol ler. The two 

func tions as so ci ated with the con ver sion are:

  BCD  BIN  

BCD func tion con verts Bi nary Coded Dec i mal for mat into a Bi nary for mat, and the BIN func -

tion con verts Bi nary for mat into a Bi nary Coded Dec i mal for mat. These are not com mon func tions 

in a typ i cal macro ap pli ca tion, but if used, the knowl edge of bi nary num bers is es sen tial.

Evaluation of Functions - Special Test

The knowl edge of how Fanuc con trol sys tem ac tu ally eval u ates macro func tions is a crit i cal el e -

ment of any macro pro gram ming. The next page con tains a very com pre hen sive test that cov ers as 

many func tions as pos si ble, sev eral of them de pend ent on each other. All an swers are pro vided as

re turned val ues next to the macro state ment, ex cept the last one, which is a spe cial chal lenge (see

com ments fol low ing the test). The test is based on the fol low ing G65 block: 

G65 P8888 B42.0 C1.427 H30.0 X0.003 Four arguments defined for the test

The above block calls a macro pro gram O8888 and passes four de fined ar gu ments to vari ables

B=#2=42.0, C=#3=1.427, H=#11=30.0 and X=#24=0.003. The macro O8888 has been

spe cif i cally de signed for train ing pur poses and ap plies var i ous func tions as ex am ples of us age.

The or der of data en try must be fol lowed as pre sented. Place a sheet of pa per to hide the re turn

val ues from view, take a cal cu la tor, and try to iden tify the re turn val ues be fore look ing at the re -

sults (all lead ing ze ros that may ap pear on the con trol screen are omit ted in the re turned val ues):
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O8888 (EVALUATION OF FUNCTIONS - SPECIAL TEST)

#100 = #11 30.0000

#101 = #2 42.0000

#102 = #8 Vacant

#103 = 0 0.0000

#104 = #3 1.4270

#105 = #104+4.125 5.5520

#106 = #101-15.0 27.0000

#107 = #104*6.7 9.5609

#108 = #101/2 21.0000

#109 = #101/#104 29.432376 

#110 = SIN[0] ********* negative underflow

#111 = SIN[90] 1.0000

#112 = SIN[#101] 0.6691306

#113 = COS[0] 1.0000

#114 = COS[90] ********* positive underflow

#115 = COS[#101] 0.7431448

#116 = TAN[0] ********* negative underflow

#117 = TAN[90] ********* positive overflow

#118 = TAN[#101] 0.9004041

#119 = ATAN[0.75]/[1.625] 24.77514

#120 = SQRT[16] 4.0000

#121 = SQRT[#100+5]  5.9160798

#122 = -13.125162 -13.125162

#123 = ABS[#122] 13.125162

#124 = 0.327187 0.327187

#125 = ROUND[#124] 0.0000

#126 = FIX[#124] 0.0000

#127 = FUP[#124] 1.0000

#128 = 0.8235 0.8235

#129 = ROUND[#128] 1.0000

#130 = FIX[#128] 0.0000

#131 = FUP[#128] 1.0000

#132 = 0.5 0.5000

#133 = ROUND[#132] 1.0000

#134 = FIX[#132] 0.0000

#135 = FUP[#132] 1.0000

#136 = 3.0 3.0000

#137 = ROUND[#136] 3.0000

#138 = FIX[#136] 3.0000

#139 = FUP[#136] 3.0000

#140 = #3-#120 -2.5730

#141 = #[#24] Vacant  

#142 = #105*#105 30.824704

#143 = [#120+1]/TAN[8.6] 33.060961

#144 = 6.2+14/3-2*8.32 -5.7733333

#145 = [6.2+14]/3-2*8.32 -9.9066667

#146 = SQRT[3.6] 1.8973666

#147 = [[#136+#128]*#104+#124] 5.7833215

#147 = #147*12 69.399858

#148 = SIN[#147]+#146 2.8334253

#149 = #[FUP[#[ROUND[#148]]]] ?????????
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As es tab lished a num ber of times al ready, vari ables that are va cant have no value. Note that

zero - 0 - is an ac tual real value, so a vari able con tain ing a zero value is oc cu pied - it is never va -

cant. Vari ables that are dis played with ********* are usu ally the re sult of cal cu la tions in volv ing

infinite val ues (usu ally caused by the di vi sion by zero).

In the ex am ple, prob a bly the most elab o rate of all the en tries is the last one - stored in vari able

#149 - hence the chal lenge. Let's eval u ate this vari able - and its re turn value - in suf fi cient de tail.

Order of Function Evaluation

Com plex func tions (such as nested func tions) are al ways eval u ated from the in side out. That

means the in ner most func tion of the sup plied data is pro cessed first, then the next func tion, then

the one af ter and so on and on. In the test ex am ple, the in ner most func tion for #149 vari able def i -

ni tion is ROUND[#148].

Since the pre vi ously stored value of vari able #148 is 2.8334253, the func tion is eval u ated as

ROUND[2.8334253], and its re turn value is 3. At this point, the func tion looks like this:

#149 = #[FUP[#[3]]]

... where the re turn value of the ROUND func tion has been sub sti tuted. The new in ner most func -

tion now is #[3]. That is a ref er ence to a vari able #3. From the ear lier def i ni tion, in the G65

state ment, #3 is des ig nated by the C let ter and had been as signed value of 1.427. The def i ni tion at 

this point looks like this:

#149 = #[FUP[1.427]]

... where the pre vi ously stored value of the #3 has re placed the in ner cal cu la tion. The new cur -

rent in ner most cal cu la tion is FUP[1.427]. The FUP func tion re turns the next higher in te ger,

which is 2 in this case. So the next ver sion of the eval u a tion is:

#149 = #[2]

This is a sim ple form to eval u ate:

#149 = #[2]

is the same as

#149 = #2

Since #2 is de fined by the B let ter in the G65 macro call and B is equal to 42.0, there fore, the

fi nal mean ing - the ever im por tant re turn value - of vari able #149 is:

#149 = 42.0
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Approach to Practical Applications

This sec tion in cludes sev eral sam ples of stan dard pro grams and mac ros work ing to gether. The

fol low ing ex am ples il lus trate the macro for mat and the prac ti cal use of vari ables in dif fer ent ways. 

As in a stan dard CNC pro gram, when writ ing a macro, there has to be a pur pose - an ob jec tive. In 

the ex am ples, the sin gle ob jec tive is to use macro fea tures to cal cu late the Z-depth for a drill cut -

ting through a plate of a given thick ness. Sev eral ver sions of the pro gram will show the con tin u -

ously im proved prog ress in de vel op ment and use of the many avail able pro gram ming tools.

Com pare the dif fer ences be tween in di vid ual pro grams. 

The first few ex am ples will use lo cal vari ables, later ex am ples will use com mon vari ables.

Using Local Variables

A re minder - all lo cal vari ables used by the pro gram will be dis carded when M30 or M99 is ex e -

cuted, or when the RESET key at the con trol panel is pressed.

2 Example 1

In the ini tial ver sion, eval u a tion of the job finds that four items have to be dealt with:

o Drill diameter

o Plate thickness

o Tool point length

o Clearance for the drill penetration

In or der to make the pro gram flex i ble, choose the drill and the plate thick ness as vari able data,

then se lect de faults for the tool point length and the pen e tra tion clear ance. To store the drill di a m -

e ter, vari able #1 will be used, to store the plate thick ness, vari able #2 will be used. Since only

118° point an gle drills will be used, the stan dard de fault con stant of 0.3 is used to cal cu late the

tool point length (for mula de ter min ing the con stant is listed later in this sec tion). The other de fault 

in the pro gram will be the clear ance be low the plate for the drill pen e tra tion. Se lec tion of 1.5 mm 

is rea son able. The first pro gram with macro fea tures uses a very sim ple and ba sic ap proach:

O0011 (MAIN PROGRAM 1)
#1 = 15.0 (DRILL DIAMETER)
#2 = 13.0 (PLATE THICKNESS)
(————————————————————————————————————————————————————————————————————)
#3 = #1*0.3+#2+1.5 (Z-DEPTH CALCULATION - POSITIVE VALUE OF 19.0)
(————————————————————————————————————————————————————————————————————)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08
N4 G99 G81 R2.5 Z-#3 F150.0 (DISTANCE-TO-GO IS Z-21.5)
N5 G80 Z5.0 M09
N6 G28 X100.0 Y50.0 Z5.0 M05
N7 M30
%
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Look at the pro gram only as the ob jec tive states - was the ob jec tive achieved? The ex am ple

shows yes, it was. The to tal Z-axis tool travel will be Z-21.5 (this is in di cated at the con trol as

Dis tance -To-Go). Re mem ber, the 'dis tance to go' is mea sured from the start point (R-level) to the

Z-depth. What is the re turned value of vari able #3? Once the pro gram is com pleted (M30 func -

tion), or the re set but ton is pressed, all lo cal vari ables are cleared. The screen dis play of macro

vari ables will show no val ues. There are no vari able data shown, be cause there are no vari able

data stored - all were flushed out of the mem ory, be cause they were de fined as lo cal vari ables.

There is no need to keep a value al ready used in the mem ory, once the job is done. If the same

pro gram is applied for a dif fer ent drill di am e ter and/or plate thick ness, just change the #1 and/or

#2 vari ables, and the new val ues of the Z-depth will be cal cu lated au to mat i cally and cor rectly for

any 118° tool point an gle (within the macro framework)!

There are other parts of the pro gram that could ben e fit from vari able data, but the fo cus of the

examples is on the Z-depth cal cu la tion only. As an im prove ment, for ex am ple, the spin dle speed

and the feedrate would have to change with each drill di am e ter and a few other data as well.

2 Example 2

In the sec ond ver sion of the ex am ple, only a mi nor change will be made. Look at the cal cu la tion 

of the Z-#3 in block N4 above? The cal cu la tion of vari able #3 al ways pro duces a pos i tive re sult,

but in the pro gram, the Z-depth must be neg a tive. By making two changes in the pro gram, the re -

sult of the #3 cal cu la tion will be neg a tive and a pos i tive en try of Z#3 will be used in block N4:

O0012 (MAIN PROGRAM 2)
#1 = 15.0 (DRILL DIAMETER)
#2 = 13.0 (PLATE THICKNESS)
(————————————————————————————————————————————————————————————————————)
#3 = -[#1*0.3+#2+1.5]  (Z-DEPTH CALCULATION - NEGATIVE VALUE OF -19.0)
(————————————————————————————————————————————————————————————————————)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08
N4 G99 G81 R2.5 Z#3 F150.0 (DISTANCE-TO-GO IS Z-21.5)
N5 G80 Z5.0 M09
N6 G28 X100.0 Y50.0 Z5.0 M05
N7 M30
%

Which ver sion is better? In this case, it is not a ques tion of better or worse - it is a ques tion of

per sonal pref er ence. Many pro gram mers would prob a bly pre fer the Ex am ple 1 (pro gram O0011), 

be cause it shows the neg a tive value in block N4, where it log i cally be longs (at least in my opin -

ion). Based on the method of de vel op ing stan dard man ual pro grams, it seems a better choice.

2 Example 3

There is yet an other way to get the neg a tive re sult of the depth cal cu la tion - just re de fine the

orig i nal def i ni tion of the #3 vari able. Sub sti tu tion (re def i ni tion) will take the old value of a vari -

able and re places it with the new value.
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O0013 (MAIN PROGRAM 3)
#1 = 15.0 (DRILL DIAMETER)
#2 = 13.0 (PLATE THICKNESS)
(————————————————————————————————————————————————————————————————————)
#3 = #1*0.3+#2+1.5    (Z-DEPTH CALCULATION - POSITIVE VALUE OF 19.0)
#3 = -#3    (POSITIVE #3 BECOMES NEGATIVE #3 OF -19.0)
(————————————————————————————————————————————————————————————————————)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08
N4 G99 G81 R2.5 Z#3 F150.0 (DISTANCE-TO-GO IS Z-21.5)
N5 G80 Z5.0 M09
N6 G28 X100.0 Y50.0 Z5.0 M05
N7 M30
%

Even better, these ex am ples could ben e fit from the ABS func tion and guar an tee a neg a tive

Z-depth in block N4, re gard less of pre vi ous pos i tive or neg a tive in put:

N4 G99 G81 R2.5 Z-[ABS[#3]] F150.0 (DISTANCE-TO-GO IS Z-21.5) 

2 Example 4

In the fourth ver sion, a bit more flex i bil ity will be added to the macro pro gram. So far, the tool

point length was based only on a 118° an gle, and the pen e tra tion clear ance was ar bi trarily as -

signed the value of 1.5 mm. What if the tool an gle is 135° or some other an gle? What if the clear -

ance of 1.5 mm is too small or too large? These val ues can be de fined as vari ables - they will add

flex i bil ity to the pro gram, with only a few more vari ables to fill.

O0014 (MAIN PROGRAM 4)

#1 = 15.0 Drill diameter

#2 = 13.0 Plate thickness

#3 = 118.0 Drill point angle

#4 = 1.5 Penetration clearance added

Once the vari ables have been de fined, they have to be used. In the ex am ple, the main goal is to

calculate the Z-depth, based on the in put val ues (as sign ments). Since there is a con stant math e mat -

i cal re la tion ship be tween the drill di am e ter and the drill point an gle, it can be ex pressed in a well

known and stan dard ma chine shop for mula:

P
D

2
  tan 90

A

2
= ´ -

æ

è
ç

ö

ø
÷

+ where …

P  = Drill point length
D  = Drill diameter
A   = Drill point angle
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The for mula may be nested in the macro, but nest ing may not be easy to view, in ter pret, or

change, if nec es sary. Be cause it may be some what dif fi cult to in clude the whole for mula into the

macro right away, we choose a sim pler method that seg ments (or splits) the vari able in put into

smaller por tions, and makes it more man age able (and def i nitely much eas ier to read). (The Ex am -

ple 5 shows nested ver sion of the for mula). The next ver sion of the ex am ple shows you this better

way. We use vari able #5 for the Z-depth cal cu la tion, and re de fine it sev eral times - all you need is 

one cal cu la tion at a time.

O0015 (MAIN PROGRAM 4)
#1 = 15.0 (DRILL DIAMETER - D IN THE FORMULA)
#2 = 13.0 (PLATE THICKNESS)
#3 = 118.0 (DRILL POINT ANGLE - A IN THE FORMULA)
#4 = 1.5 (PENETRATION CLEARANCE ADDED)
(————————————————————————————————————————————————————————————————————)
#5 = #3/2 (ONE HALF OF TOTAL DRILL POINT ANGLE)
#5 = 90-#5 (ANGLE TO BE CALCULATED)
#5 = TAN[#5] (TANGENT OF THE ANGLE TO BE CALCULATED)
#5 = #1/2*#5 (DRILL POINT LENGTH P FOR A GIVEN DRILL DIA)
#5 = #5+#2+#4 (PLATE THICKNESS AND CLEARANCE ADDED)
(————————————————————————————————————————————————————————————————————)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08
N4 G99 G81 R2.5 Z-[ABS[#5]] F150.0 (DISTANCE-TO-GO IS Z-21.5)
N5 G80 Z5.0 M09
N6 G28 X100.0 Y50.0 Z5.0 M05
N7 M30
%

This pro gram ming method takes four ar gu ments (in puts) rather than the orig i nal two, but can be 

used with any drill di am e ter and with any pen e tra tion clear ance amount. By re de fin ing the vari -

able #5, the com puter mem ory is man aged in a more ef fi cient way. There is no need for each

state ment (cal cu la tion) to have its own vari able, be cause there is no real ben e fit.

One in ter est ing com ment - the pro gram com ment in block is not true any more - at least not ex -

actly. The ex pected dis tance-to-go be cause in stead of us ing a rounded 0.3 con stant, the cal cu la tion 

uses the com plete for mula with trig o no met ric func tion:

#5 = #3/2 Returns 59.0

#5 = 90-#5 Returns 31.0

#5 = TAN[#5] Returns 0.600861

#5 = #1/2*#5 Returns4.506455

#5 = #5+#2+#4 Returns 19.006455

The com ment in block N4 should be changed as well (if necessary):

N4 G99 G81 R2.5 Z-[ABS[#5]] F150.0 Actual distance-to-go will be 21.506455

Prac ti cally, this is of lit tle con se quence, but macro pro gram mer should pay at ten tion to de tails.
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2 Example 5

The next im prove ment will im prove the pre vi ous ex am ple even more and elim i nate the mul ti ple

def i ni tion of vari able #5. In di vid ual blocks of in ter me di ate cal cu la tions are very use ful to step

through the pro gram and per haps make it eas ier for gen eral un der stand ing and even de bug ging.

How ever, in most cases, a shorter pro gram is pre ferred. Writ ing only a sin gle def i ni tion of vari -

able #5 means com bin ing - nest ing - all in di vid ual cal cu la tions. This ex am ple shows how:

O0016 (MAIN PROGRAM 5)
#1 = 15.0 (DRILL DIAMETER - D IN THE FORMULA)
#2 = 13.0 (PLATE THICKNESS)
#3 = 118.0 (DRILL POINT ANGLE - A IN THE FORMULA)
#4 = 1.5 (PENETRATION CLEARANCE ADDED)
(————————————————————————————————————————————————————————————————————)
#5 = #1/2*TAN[90-#3/2]+#4+#2   (SINGLE FORMULA NESTED IN A BLOCK)
(————————————————————————————————————————————————————————————————————)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08
N4 G99 G81 R2.5 Z-[ABS[#5]] F150.0 (DISTANCE-TO-GO IS Z-21.5)
N5 G80 Z5.0 M09
N6 G28 X100.0 Y50.0 Z5.0 M05
N7 M30
%

2 Example 6

So far, all five ex am ples used vari able as sign ments in ter nally, in the main pro gram. This fi nal

ex am ple will ad vance ahead an other sig nif i cant step, and de fines the Z-depth as a true Fanuc Cus -

tom Macro. Macro has been de fined as spe cial a pro gram that con tains com mon but vari able data.

In this case, the com mon data is the cal cu la tion of the Z-depth it self. Both, the main pro gram and

the  macro pro gram will be needed. The main pro gram, O0017 will be call macro O8005, con -

tain ing the depth cal cu la tion. Be cause the re sult - the re turned value - cal cu lated in the macro

O8005 has to be trans ferred to the main pro gram, where it is ac tu ally used, some stron ger pro -

gram ming tools will be needed. These tools in volve the Com mon Vari ables (rather than just Lo cal

Vari ables), and the ex am ple is com pleted in the next sec tion.

Using Common Variables

The basic con cept of com mon vari ables has been al ready introduced. Based on a dic tio nary def -

i ni tion, the word 'com mon' means 'shared'. Com mon vari ables in a macro are shared by at least

one other pro gram, and usu ally more than one. Com mon vari ables cre ate a shared bond be tween

the main pro gram, subprograms, and all mac ros that are to be con nected by an other pro gram.  

Vari ables de signed as com mon are used to store pro gram data. Within the group of com mon

vari ables, and de pend ing on the type of the stored data, there are two mini-groups. One cov ers the 

Sys tem Vari ables, the other cov ers the I/O (In put/Out put) In ter face.
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Vari ables that are al lowed in the 'com mon' group, be long to the vari ables range of #100 to

#149 or, op tion ally, #100 to #199 - this group is called the 'non-hold ing' group, and #500 to

#599 or, op tion ally, #500 to #999 - this group is called the 'hold ing' group. The terms

non-hold ing and hold ing re fer to the abil ity of the con trol sys tem to keep the stored vari able data

in its mem ory. The non-hold ing group is re tained un til the sys tem is re started, the hold ing group

is re tained un til re moved by a pro gram. Com mon vari ables are not cleared by M99 or M30 func -

tions. Study the same ex er cise - this ver sion uses macro call and com mon vari ables.

2 Example 5 Revisited

The main pro gram O0017, is the one that calls the macro pro gram O8005, and passes the re -

turned val ues of any de fine vari able to the macro body. That way, the con tents of macro pro gram

will never change, only the vari able data sup plied to it by the main pro gram (G65 macro call).

O0017 (MAIN PROGRAM)
N1 G21
N2 G90 G00 G54 X100.0 Y50.0 S800 M03
N3 G43 Z5.0 H01 M08

N4 G65 P8005 D15.0 T13.0 A118.0 C1.5 Macro call block with arguments

N5 G99 G81 R2.5 Z-[ABS[#100]] F150.0 Distance-to-go is Z-21.5

N6 G80 Z5.0 M09
N7 G28 X100.0 Y50.0 Z5.0 M05
N8 M30
%

The as so ci ated macro O8005 is short and sim ple - it only con tains the for mula it self, this time

us ing the vari able as sign ments match ing those that are called by the G65 macro call:

O8005 (MACRO FOR EXAMPLE O0017)
#100 = #7/2*TAN[90-#1/2]+#20+#3
M99
%

The for mula built into the macro is iden ti cal to the for mula used in pre vi ous ex am ples. The only 

items that change are the call ing pa ram e ters - the in put val ues - in the G65 block:

D = #7 = 15.0,  A = #1 = 118.0,  T = #20 = 13.0, and  C = #3 = 1.5

The ad van tage of this method is that macro pro gram O8005 can be used for any job, pro vid ing

the def i ni tion of ar gu ments is de fined con sis tently. In the ex am ples, a sin gle ob jec tive has been

achieved by sev eral meth ods, some very sim i lar.

Speeds and Feeds Calculation

An other ex am ple of using com mon vari ables is for cal cu la tions of the spin dle speed and the cut -

ting feedrate, us ing for mulas. For mulas are used in mac ros quite of ten, be cause their in put can

eas ily be re placed with vari ables. Based on stan dard ma chine shop for mu las, many related values

can be cal cu lated, us ing the macro pro gram ming tools.
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u The spindle speed (r/min = rpm) formula - Metric:

r min
m min 1000

 D
=

´

´p

u  The spindle speed (r/min) formula - English:

r min
ft min   12

    D
=

´

´p

u  The metric feedrate (mm/min) formula:

mm min = r min mm tooth N´ ´

u  The English feedrate (IPM - in/min - inches per minute) formula:

in min = r min in tooth N´ ´

+ where …

r/min = Revolutions per minute (spindle speed) - also 'rpm'
m/min or ft/min = Peripheral speed in meters or feet per minute

p = Constant pi (3.14159265359...)
D = Drill diameter (Metric or English)
mm/min = Millimeters per minute feedrate (Metric only)
mm/tooth or in/tooth = Chipload per cutting edge rating in mm/tooth or inches/tooth
N = Number of teeth in a cutter (number of cutting flutes)

2 Example 7

O0017 (MAIN PROGRAM)
N1 G21
N2 G65 P8006 D12.0 F50.0 C0.15 T2   (MACRO CALL WITH DEFINITIONS)
N3 G90 G00 G54 X100.0 Y50.0 S#101 M03  (SPINDLE SPEED CALCULATED BY MACRO)
N4 G43 Z5.0 H01 M08
N5 G99 G81 R2.5 Z-19.0 F#102   (FEEDRATE CALCULATED BY MACRO)
N6 G80 Z5.0 M09
N7 G28 Z5.0 M05
N8 M01

O8006 (MACRO FOR EXAMPLE O0017) 
#101 = FIX[[#9*1000]/[3.141593*#7]]   (SPINDLE SPEED CALCULATION)
#102 = #101*#3*#20   (FEEDRATE CALCULATION)
M99
%
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In the G65 macro call, the val ues that are rel e vant to the cur rent pro gram ming job have to be

sup plied to the macro. In the ex am ple, D12.0 def i ni tion means that the vari able #7 will store the

value of 12.0 mm drill di am e ter, F50.0 means that the vari able #9 will store 50 m/min pe riph eral

speed value, C0.15 means that the vari able #3 will store 0.15 mm/rev chip load value, and T2

means that the vari able #20 will store 2 cut ting edges (flutes).

No tice the FIX func tion used for the r/min def i ni tion. If the for mula is taken ex actly, it will be

[#9*1000]/[3.141593*#7]

which is the same in a macro as

(50.0*1000)/(3.141593*12.0)

is on a cal cu la tor, and returns ex actly

1326.291 r/min - rev o lu tions per min ute

The ba sic rules of CNC pro gram ming do not al low a dec i mal point in the spin dle speed spec i fi -

ca tion. The in te ger of 1326 (used as S1326 in the pro gram) is al lowed, but a real num ber of

1326.291 is not. The macro FIX func tion will dis card all the dec i mal places of the cal cu lated

value, leav ing only the in te ger. There will be no round ing, just the iso lated in te ger value - the FIX

func tion strips the dec i mal val ues of a real num ber, leav ing only the in te ger. In the case of the

spin dle speed, the r/min will be ac cu rate within one rev o lu tion. 
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SYSTEM VARIABLES

The last group of vari ables is called the Sys tem Vari ables. The word ‘sys tem’ in the de scrip tion

of Sys tem Vari ables means the Con trol Sys tem vari ables. This group of vari ables is rather a spe -

cial group and can not be com pared to the vari able types al ready dis cussed (lo cal and common). It

is equally im por tant in mac ros, but stands on its own.

In a macro pro gram, this group is used to ad dress the reg is ters of the con trol mem ory (also

called ad dress able mem ory lo ca tions). In cer tain sit u a tions (not nor mally), some sys tem vari ables

can also be used to change some in ter nal data (also called sys tem data) stored within the CNC sys -

tem. For ex am ple, a work co or di nate sys tem (work off set) can be changed by ma nip u lat ing the

sys tem vari ables (chang ing one or more sys tem vari ables). In a sim i lar way, items like the tool

length com pen sa tion, macro alarms, pa ram e ter set tings, parts count, modal val ues of the G-codes

(plus sev eral ad di tional codes), and many oth ers, can be changed as well. Sys tem vari ables are ex -

tremely im por tant for au to mated en vi ron ment, such as prob ing, un manned and ag ile man u fac tur -

ing, trans fer sys tems, etc. There are many sys tem vari ables avail able for each con trol sys tem, and 

there sig nif i cant differences be tween var i ous con trol sys tems (even within the var i ous Fanuc mod -

els avail able). It is very un likely that any pro gram mer will ever need them all. The con trol ref er -

ence man ual will come very handy as a ref er ence resource.

Identifying System Variables

When working with sys tem vari ables, there are two very im por tant fea tures to be aware of right 

from the be gin ning. Both re late to the way the sys tem vari ables are iden ti fied by the control:

u System variables are numbered from #1000 and up  (four or five digit numbers)

u System variables are not displayed on the control display screen

The num ber ing is fixed by Fanuc and can not be changed. In this ar bi trarily num bered sys tem, a

ref er ence book or man ual is required for each con trol model in the shop. Fanuc pro vides such a

man ual with the pur chase of a par tic u lar con trol sys tem. A great num ber of sys tem vari ables are

iden ti fied in this hand book as well.

Since the sys tem vari ables can not be di rectly dis played on the screen (ap plies to a large num ber

of con trols), there must be an other way of find ing what their cur rent val ues are. The method used

is called a value trans fer. In the pro gram, or in MDI mode, the value of a sys tem vari able can be

trans ferred into a lo cal or com mon vari able. This chap ter deals with this sub ject as well. 

By or ga niz ing work, a tre men dous step for ward can be made. In the case of sys tem vari ables,

the first sig nif i cant step to their better or ga ni za tion is by group ing them.
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System Variables Groups

Sys tem vari ables are solely de pend ent on the CNC sys tem. This is a very im por tant and ac cu -

rate state ment. It means that dif fer ent Fanuc con trols may take on dif fer ent mean ings of the con -

trol sys tem vari ables. Pro gram mers and ser vice technicians have to know which model of the

con trol sup ports which fea tures and the as sign ment of vari ables. The macro pro gram you de velop

may only be used for the se lected con trol unit and, most likely, for the se lected ma chine as well. 

Over the years, Fanuc has brought many dif fer ent con trol mod els to the in dus try. Only the most 

com mon and the cur rent ones are dis cussed here. They are listed with the FS (FS stand for Fanuc

Sys tem or Fanuc Se ries) ab bre vi a tion:

u FS-0, FS-10, FS-11, FS-15, FS-16, FS-18, FS-21 (plus variations)

Older con trols are easy to fig ure out as well, but the con trol ref er ence man ual will be needed.

For ex am ple, Fanuc 3 is rel a tively sim i lar to Fanuc 0. Fanuc 6 is the pre de ces sor of Fanuc 10/11.

Keep in mind that the model num bers do not in di cate the higher or lower level of the con trol fea -

tures. From the list, it is the Fanuc 15 that is clas si fied as the top of the line, al though its num ber is 

smaller that some oth ers. All con trols are avail able in the mill ing ver sion (FS-xxM or FS-xxMB),

for ex am ple FS-15M, and the turn ing ver sion (FS-xxT), for ex am ple Fanuc 16T or 16TB. They

are also avail able for wire EDM, grind ing, and sev eral other ma chine types, but only mill ing and

turn ing are of an in ter est in this hand book.

Read and Write Variables

Vari ables con tain data - data that change, or vari able data. There are two types of vari ables in

terms of how the data is ac quired. Some vari ables can be writ ten to, meaning they can be changed

via a pro gram or by MDI. This type of vari ables can also be read by the sys tem, and stored val ues

pro cessed by the sys tem. Sys tem vari ables in this group are called Read and Write vari ables.

The other group type cov ers vari ables that can be pro cessed, dis played on the screen us ing lo cal 

or com mon vari ables, but they can not be changed by the user (CNC pro gram mer, op er a tor or ser -

vice technician). These are so called Read Only sys tems vari ables. These are the most com mon

sys tem vari ables for typ i cal work.

In the sub se quent list ings, the Read and Write vari ables are marked with an as ter isk [*]. 

Displaying System Variables

Since not all Fanuc sys tems can dis play sys tem vari ables di rectly, they must be dis played

through the lo cal or com mon vari ables. This is called vari able trans fer, or vari able re def i ni tion, or 

vari able sub sti tu tion. For ex am ple (Fanuc 15M):

#101 = #5221 X-value of G54 work offset stored in #101 from #5221

#102 = #5222 Y-value of G54 work offset stored in #102 from #5222

The lo cal or the com mon vari able can be dis played on the con trol screen.
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System Variables for Fanuc Series 0

#1000 through #1015, #1032 . . . Data In . . (DI)
#1100 through #1115,#1132 . . . Data Out . (DO)

#2000 through #2200 . . . . . . Tool compensation values (tool offsets)

#2500 . . . . . . . . . . . . External work offset value along the X-axis
#2600 . . . . . . . . . . . . External work offset value along the Y-axis
#2700 . . . . . . . . . . . . External work offset value along the Z-axis
#2800 . . . . . . . . . . . . External work offset value along the 4th axis

#2501 . . . . . . . . . . . . G54 work offset value along the X-axis
#2601 . . . . . . . . . . . . G54 work offset value along the Y-axis
#2701 . . . . . . . . . . . . G54 work offset value along the Z-axis
#2801 . . . . . . . . . . . . G54 work offset value along the 4th axis

#2502 . . . . . . . . . . . . G55 work offset value along the X-axis
#2602 . . . . . . . . . . . . G55 work offset value along the Y-axis
#2702 . . . . . . . . . . . . G55 work offset value along the Z-axis
#2802 . . . . . . . . . . . . G55 work offset value along the 4th axis

#2503 . . . . . . . . . . . . G56 work offset value along the X-axis
#2603 . . . . . . . . . . . . G56 work offset value along the Y-axis
#2703 . . . . . . . . . . . . G56 work offset value along the Z-axis
#2803 . . . . . . . . . . . . G56 work offset value along the 4th axis

#2504 . . . . . . . . . . . . G57 work offset value along the X-axis
#2604 . . . . . . . . . . . . G57 work offset value along the Y-axis
#2704 . . . . . . . . . . . . G57 work offset value along the Z-axis
#2804 . . . . . . . . . . . . G57 work offset value along the 4th axis

#2505 . . . . . . . . . . . . G58 work offset value along the X-axis
#2605 . . . . . . . . . . . . G58 work offset value along the Y-axis
#2705 . . . . . . . . . . . . G58 work offset value along the Z-axis
#2805 . . . . . . . . . . . . G58 work offset value along the 4th axis

#2506 . . . . . . . . . . . . G59 work offset value along the X-axis
#2606 . . . . . . . . . . . . G59 work offset value along the Y-axis
#2706 . . . . . . . . . . . . G59 work offset value along the Z-axis
#2806 . . . . . . . . . . . . G59 work offset value along the 4th axis

#3000 . . . . . . . . . . . . User macro generated alarm
#3001 . . . . . . . . . . . . Clock 1 - unit 1 ms
#3002 . . . . . . . . . . . . Clock 2 - unit 1 hour
#3003, #3004 . . . . . . . . . Cycle Operation Control
#3005 . . . . . . . . . . . . Setting
#3011 . . . . . . . . . . . . Clock information - Year, Month, Day
#3012 . . . . . . . . . . . . Clock Information - Hour, Minute, Second
#3901 . . . . . . . . . . . . Number of parts machined
#3902 . . . . . . . . . . . . Number of parts required

#4001 to #4022 . . . . . . . . Modal Information Pre-reading block - G-code groups

#4102 to #4130 . . . . . . . . Modal Information
                                                            Pre-reading block - B, D, F, H, M, N, O, S, T codes
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#5001 to #5004 . . . . . . . . Block end position
#5021 to #5024 . . . . . . . . Machine coordinates position
#5041 to #5046 . . . . . . . . Work coordinates position
#5061 to #5064 . . . . . . . . Skip signal position
#5081 to #5086 . . . . . . . . Tool length compensation value
#5101 to #5104 . . . . . . . . Servo deviation

Fanuc Model 0 Compared to Other Models

Ta bles in this chap ter de scribe the var i ous group ings of sys tem vari ables for sev eral Fanuc con -

trol mod els. Fanuc Model 0 (FS-0) is one of them, de scribed above. In re la tion to the other con -

trols, FS-0 is the most mod est con trol, and sup ports much smaller set of vari ables than the higher

level con trols. This is par tic u larly no tice able in the use of var i ous sys tem vari ables rel a tive to tool

off sets, de scribed in de tail in the next chap ter.

Always understand system variables for a particular control and machine unit
There is no guarantee of compatibility between different control or machine models

Most of the ex am ples in this hand book are for the FS-15M and FS-16/18/21M con trols and

their B-ver sion, if avail able, as well as their lathe equiv a lents. These two con trol groups are the

most widely used models in ma chine shops us ing macros. In many ways, the mod els FS-10 and

FS-11 are very close, but expect many dif fer ent ref er ence num bers.

System Variables for Fanuc Series 10/11/15

#1000 through #1035. . . . . Data In (DI - from PMC)
#1100 through #1135. . . . . Data Out (DO - to PMC) . . . . . . . . . [*]

#2000 through #2999. . . . . Tool compensation values (tool offsets) . . [*]
#10001 through #13999. . . . Additional tool offsets . . . . . . . . . . [*]

#3000, #3006 . . . . . . . . User macro generated alarm or message . . [*]
#3001, #3002 . . . . . . . . Clock . . . . . . . . . . . . . . . . . [*]
#3003, #3004 . . . . . . . . Cycle Operation Control . . . . . . . . . [*]
#3007 . . . . . . . . . . . Mirror Image
#3011, #3012 . . . . . . . . Clock Information (time variables)
#3901, #3902 . . . . . . . . Number of parts (parts count variables) . . [*]

#4001 to #4130 . . . . . . . Modal Information Pre-reading block

#4201 to #4330 . . . . . . . Modal Information Executing block

#5001 to #5006 . . . . . . . Block end position
#5021 to #5026 . . . . . . . Machine coordinates position
#5041 to #5046 . . . . . . . Work coordinates position
#5061 to #5066 . . . . . . . Skip signal position
#5081 to #5086 . . . . . . . Tool length compensation value
#5101 to #5106 . . . . . . . Servo deviation
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#5201 to #5206 . . . . . . . Work offset value (shift or common)  or  up to #5215 [*]
#5221 to #5226 . . . . . . . Work offset value G54  or  up to #5235 . . . [*]
#5241 to #5246 . . . . . . . Work offset value G55  or  up to #5255 . . . [*]
#5261 to #5266 . . . . . . . Work offset value G56  or  up to #5275 . . . [*]
#5281 to #5286 . . . . . . . Work offset value G57  or  up to #5295 . . . [*]
#5301 to #5306 . . . . . . . Work offset value G58  or  up to #5315 . . . [*]
#5321 to #5326 . . . . . . . Work offset value G59  or  up to #5335 . . . [*]

[*]  marks sys tem vari ables of the Read and Write type

System Variables for Fanuc Series 16/18/21

#1000 through #1015. . . . . Data In DI Sending 16-bit signal from PMC to macro
                                                         (reading bit by bit)

#1032 . . . . . . . . . . . Used for reading all 16-bits of a signal at one time

#1100 through #1115. . . . . Data Out DO Sending 16-bit signal from
                                                         macro to PMC (writing bit by bit)

#1132 . . . . . . . . . . . Used for writing all 16-bits of a signal
                                                        at one time to the PMC

#1133 . . . . . . . . . . . Used for writing all 32-bits of a signal
                                                        at one time to the PMC - Values of -99999999 to
                                                        +99999999 may be used for #1133

#2001 through #2200. . . . . Tool compensation values . (offsets 1-200)
                                                        Memory Type A - Milling

#10001 through #10999. . . . Tool compensation values . (offsets 1-999)
                                                        Memory Type A - Milling

#2001 through #2200. . . . . Wear offset values . . . . (offsets 1-200)
                                                        Memory Type B - Milling

#2201 through #2400. . . . . Geometry offset values . . (offsets 1-200)
                                                        Memory Type B - Milling

#10001 through #10999. . . . Wear offset values . . . . (offsets 1-999)
                                                        Memory Type B - Milling

#11001 through #11999. . . . Geometry offset values . . (offsets 1-999)
                                                        Memory Type B - Milling

#2001 through #2200. . . . . Wear offset values of H-code (offsets 1-200)
                                                        Memory Type C - Milling

#2201 through #2400. . . . . Geometry offset values of H-code . (offsets 1-200)
                                                       Memory Type C - Milling

#10001 through #10999. . . . Wear offset values of H-code (offsets 1-999)
                                                        Memory Type C - Milling

SYSTEM VARIABLES 141

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



#11001 through #11999. . . . Geometry offset values of H-code . (offsets 1-999)
                                                        Memory Type C - Milling

#12001 through #12999. . . . Wear offset values of D-code . . . (offsets 1-999)
                                                        Memory Type C - Milling

#13001 through #13999. . . . Geometry offset values of D-code . (offsets 1-999)
                                                        Memory Type C - Milling

#2500 . . . . . . . . . . . External work offset value along the X-axis
#2600 . . . . . . . . . . . External work offset value along the Y-axis
#2700 . . . . . . . . . . . External work offset value along the Z-axis
#2800 . . . . . . . . . . . External work offset value along the 4th axis

#2501 . . . . . . . . . . . G54 work offset value along the X-axis
#2601 . . . . . . . . . . . G54 work offset value along the Y-axis
#2701 . . . . . . . . . . . G54 work offset value along the Z-axis
#2801 . . . . . . . . . . . G54 work offset value along the 4th axis

#2502 . . . . . . . . . . . G55 work offset value along the X-axis
#2602 . . . . . . . . . . . G55 work offset value along the Y-axis
#2702 . . . . . . . . . . . G55 work offset value along the Z-axis
#2802 . . . . . . . . . . . G55 work offset value along the 4th axis

#2503 . . . . . . . . . . . G56 work offset value along the X-axis
#2603 . . . . . . . . . . . G56 work offset value along the Y-axis
#2703 . . . . . . . . . . . G56 work offset value along the Z-axis
#2803 . . . . . . . . . . . G56 work offset value along the 4th axis

#2504 . . . . . . . . . . . G57 work offset value along the X-axis
#2604 . . . . . . . . . . . G57 work offset value along the Y-axis
#2704 . . . . . . . . . . . G57 work offset value along the Z-axis
#2804 . . . . . . . . . . . G57 work offset value along the 4th axis

#2505 . . . . . . . . . . . G58 work offset value along the X-axis
#2605 . . . . . . . . . . . G58 work offset value along the Y-axis
#2705 . . . . . . . . . . . G58 work offset value along the Z-axis
#2805 . . . . . . . . . . . G58 work offset value along the 4th axis

#2506 . . . . . . . . . . . G59 work offset value along the X-axis
#2606 . . . . . . . . . . . G59 work offset value along the Y-axis
#2706 . . . . . . . . . . . G59 work offset value along the Z-axis
#2806 . . . . . . . . . . . G59 work offset value along the 4th axis

#3000 . . . . . . . . . . . User macro generated alarm
#3001 . . . . . . . . . . . Clock 1 - unit 1 ms
#3002 . . . . . . . . . . . Clock 2 - unit 1 hour
#3003 . . . . . . . . . . . Control of single block, wait signal for FIN
#3004 . . . . . . . . . . . Control of feedhold, feedrate override, exact stop check
#3005  . . . . . . . . . . Setting
#3011 . . . . . . . . . . . Clock information - Year, Month, Day
#3012 . . . . . . . . . . . Clock Information - Hour, Minute, Second
#3901 . . . . . . . . . . . Number of parts machined
#3902 . . . . . . . . . . . Number of parts required
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#4001 to #4022 . . . . . . . Modal Information
                                                        Pre-reading block - G-code groups

#4102 to #4130 . . . . . . . Modal Information
                                                       Pre-reading block - B, D, F, H, M, N, O, S, T codes

#5001 to #5008 . . . . . . . Block end position
#5021 to #5028 . . . . . . . Machine coordinates position
#5041 to #5048 . . . . . . . Work coordinates position (Absolute position)
#5061 to #5068 . . . . . . . Skip signal position
#5081 to #5088 . . . . . . . Tool length compensation value
#5101 to #5108 . . . . . . . Servo deviation

#5201 to #5208 . . . . . . . External work offset value (1st to 8th axis)
#5221 to #5228 . . . . . . . G54 work offset value (1st to 8th axis)
#5241 to #5248 . . . . . . . G55 work offset value (1st to 8th axis)
#5261 to #5268 . . . . . . . G56 work offset value (1st to 8th axis)
#5281 to #5288 . . . . . . . G57 work offset value (1st to 8th axis)
#5301 to #5308 . . . . . . . G58 work offset value (1st to 8th axis)
#5321 to #5328 . . . . . . . G59 work offset value (1st to 8th axis)

Vari ables in the range of #5201 and #5328 are op tional vari ables for work offsets.

#7001 to #7008 . . . . . . . G54.1 P1 additional work offset value (1st to 8th axis)
#7021 to #7028 . . . . . . . G54.1 P2 additional work offset value (1st to 8th axis)
#7041 to #7048 . . . . . . . G54.1 P3 additional work offset value (1st to 8th axis)
#7061 to #7068 . . . . . . . G54.1 P4 additional work offset value (1st to 8th axis)
#7081 to #7088 . . . . . . . G54.1 P5 additional work offset value (1st to 8th axis)
#7101 to #7108 . . . . . . . G54.1 P6 additional work offset value (1st to 8th axis)
#7121 to #7128 . . . . . . . G54.1 P7 additional work offset value (1st to 8th axis)
#7141 to #7148 . . . . . . . G54.1 P8 additional work offset value (1st to 8th axis)
#7161 to #7168 . . . . . . . G54.1 P9 additional work offset value (1st to 8th axis)
#7181 to #7188 . . . . . . . G54.1 P10 additional work offset value (1st to 8th axis)
#7201 to #7208 . . . . . . . G54.1 P11 additional work offset value (1st to 8th axis)
#7221 to #7228 . . . . . . . G54.1 P12 additional work offset value (1st to 8th axis)
#7241 to #7248 . . . . . . . G54.1 P13 additional work offset value (1st to 8th axis)
#7261 to #7268 . . . . . . . G54.1 P14 additional work offset value (1st to 8th axis)
#7281 to #7288 . . . . . . . G54.1 P15 additional work offset value (1st to 8th axis)
#7301 to #7308 . . . . . . . G54.1 P16 additional work offset value (1st to 8th axis)
#7321 to #7328 . . . . . . . G54.1 P17 additional work offset value (1st to 8th axis)
#7341 to #7348 . . . . . . . G54.1 P18 additional work offset value (1st to 8th axis)
#7361 to #7368 . . . . . . . G54.1 P19 additional work offset value (1st to 8th axis)
#7381 to #7388 . . . . . . . G54.1 P20 additional work offset value (1st to 8th axis)
#7401 to #7408 . . . . . . . G54.1 P21 additional work offset value (1st to 8th axis)
#7421 to #7428 . . . . . . . G54.1 P22 additional work offset value (1st to 8th axis)
#7441 to #7448 . . . . . . . G54.1 P23 additional work offset value (1st to 8th axis)
#7461 to #7468 . . . . . . . G54.1 P24 additional work offset value (1st to 8th axis)
#7481 to #7488 . . . . . . . G54.1 P25 additional work offset value (1st to 8th axis)
#7501 to #7508 . . . . . . . G54.1 P26 additional work offset value (1st to 8th axis)
#7521 to #7528 . . . . . . . G54.1 P27 additional work offset value (1st to 8th axis)
#7541 to #7548 . . . . . . . G54.1 P28 additional work offset value (1st to 8th axis)
#7561 to #7568 . . . . . . . G54.1 P29 additional work offset value (1st to 8th axis)
#7581 to #7588 . . . . . . . G54.1 P30 additional work offset value (1st to 8th axis)
#7601 to #7608 . . . . . . . G54.1 P31 additional work offset value (1st to 8th axis)
#7621 to #7628 . . . . . . . G54.1 P32 additional work offset value (1st to 8th axis)
#7641 to #7648 . . . . . . . G54.1 P33 additional work offset value (1st to 8th axis)
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#7661 to #7668 . . . . . . . G54.1 P34 additional work offset value (1st to 8th axis)
#7681 to #7688 . . . . . . . G54.1 P35 additional work offset value (1st to 8th axis)
#7701 to #7708 . . . . . . . G54.1 P36 additional work offset value (1st to 8th axis)
#7721 to #7728 . . . . . . . G54.1 P37 additional work offset value (1st to 8th axis)
#7741 to #7748 . . . . . . . G54.1 P38 additional work offset value (1st to 8th axis)
#7761 to #7768 . . . . . . . G54.1 P39 additional work offset value (1st to 8th axis)
#7781 to #7788 . . . . . . . G54.1 P40 additional work offset value (1st to 8th axis)
#7801 to #7808 . . . . . . . G54.1 P41 additional work offset value (1st to 8th axis)
#7821 to #7828 . . . . . . . G54.1 P42 additional work offset value (1st to 8th axis)
#7841 to #7848 . . . . . . . G54.1 P43 additional work offset value (1st to 8th axis)
#7861 to #7868 . . . . . . . G54.1 P44 additional work offset value (1st to 8th axis)
#7881 to #7888 . . . . . . . G54.1 P45 additional work offset value (1st to 8th axis)
#7901 to #7908 . . . . . . . G54.1 P46 additional work offset value (1st to 8th axis)
#7921 to #7928 . . . . . . . G54.1 P47 additional work offset value (1st to 8th axis)
#7941 to #7948 . . . . . . . G54.1 P48 additional work offset value (1st to 8th axis)

Vari ables in the range of #7001 and #7948 are op tional and are only avail able if ad di tional

work off set sys tem G54.1 P1 to G54.1 P48 is avail able (or G54 P1 to G54 P48).

Organization of System Variables

The pre ced ing lists of many sys tem vari ables have been pro vided for ref er ence only. They look

bor ing - they are 'just' num bers. Yet, upon a more care ful look, a cer tain pat tern can be de tected

in the method the vari able are num bered (at least in most places). Many sys tem vari ables are num -

bered log i cally within groups, even if the num bers are dif fer ent for each con trol model.

For ex am ple, there is a no tice able num ber ing pat tern in the sec tion re lat ing to the work off sets,

listed in the pre ced ing def i ni tion. Here is the re peated list ing:

#5201 to #5208 External work offset value (1st to 8th axis)
#5221 to #5228 G54 work offset value (1st to 8th axis)
#5241 to #5248 G55 work offset value (1st to 8th axis)
#5261 to #5268 G56 work offset value (1st to 8th axis)
#5281 to #5288 G57 work offset value (1st to 8th axis)
#5301 to #5308 G58 work offset value (1st to 8th axis)
#5321 to #5328 G59 work offset value (1st to 8th axis)

What is the pat tern and - even more im por tant - why is it sig nif i cant? Each set of vari ables

(seven sets listed above) con tains vari able num bers that dif fer by the amount of twenty. First set

starts with sys tem vari able #5201, the sec ond set with sys tem vari able #5221, the third set with

sys tem vari able #5241, and so on. The seven sets cover one ex ter nal work off set and six stan dard 

work off sets, G54-G59. Ad di tional sets (G54.1 se ries), if avail able, use the same num ber ing

logic, but the vari ables num ber ing starts at #7001.

In mac ros, it is of ten im por tant to ad dress these sys tem vari ables in an or ga nized way, with

some log i cal and ef fi cient ap proach. Tak ing ad van tage of the in cre ments like 1 or 20, macro de -

vel op ment can use loops with coun ters, if re quired.

The fol low ing ta ble con veys the same in for ma tion as the seven lines above, per haps even better, 

but is with out de scrip tions:

144 Chapter 10

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Axis External G54 G55 G56 G57 G58 G59

1st = X #5201 #5221 #5241 #5261 #5281 #5301 #5321

2nd = Y #5202 #5222 #5242 #5262 #5282 #5302 #5322

3rd = Z #5203 #5223 #5243 #5263 #5283 #5303 #5323

4th #5204 #5224 #5244 #5264 #5284 #5304 #5324

5th #5205 #5225 #5245 #5265 #5285 #5305 #5325

6th #5206 #5226 #5246 #5266 #5286 #5306 #5326

7th #5207 #5227 #5247 #5267 #5287 #5307 #5327

8th #5208 #5228 #5248 #5268 #5288 #5308 #5328

 No doubt, the ta ble looks better or ga nized than a plain list; it also is lon ger and does not con tain 

any de scrip tions. It does not mat ter which rep re sen ta tion is better, this me thod i cal num ber ing sys -

tem of fers nu mer ous ben e fits. It is not the cos me tics of the num ber ing sys tem, it is a prac ti cally

ori ented num ber ing sys tem that just hap pens to look ap peal ing as well. This num ber ing sys tem is

suit able to use for mu las in the macros, with vari ables, and al lows cal cu la tion of the re quired ad -

dress num ber based on the num ber of an other ad dress.

Take, for ex am ple, the fol low ing sit u a tion. If the cal cu la tions are based on the sys tem vari able

#5201, all that is needed is a sim ple mul ti pli ca tion to get an other co or di nate sys tem:

o Through the macro, add 20 times 1  to get the X-value for G54

o Through the macro, add 20 times 2  to get the X-value for G55

o Through the macro, add 20 times 3  to get the X-value for G56

o Through the macro, add 20 times 4  to get the X-value for G57

o Through the macro, add 20 times 5  to get the X-value for G58

o Through the macro, add 20 times 6  to get the X-value for G59

The value of 20 in this case is called the shift value. Of course, any other vari able can be used as 

the base vari able for the cal cu la tions. The logic of this ap proach can be used with many cal cu la -

tions, us ing the built-in num ber ing method. Going a lit tle step fur ther, think about how to han dle

the jump from one axis to an other. Take it as a small chal lenge, but the next sec tion will re veal the 

pro cess and explanation.

Resetting Program Zero

At least a small but quite prac ti cal ap pli ca tion ex am ple is in place here. Its pur pose is to il lus -

trate the ap pli ca tion of sys tem vari ables for a de sir able, yet sim ple pro cess. The sys tem vari able

will be used in an ac tual macro pro gram. Macro pro gram de vel op ment will be cov ered later, so a

small pre view now may be use ful then. The pro ject is quite sim ple, and the small macro pro gram

code can be very use ful in ev ery day CNC ma chin ing. The macro ex am ple will only do one thing -

it will re set the cur rent work off set set ting to pro gram zero at the cur rent tool lo ca tion, us ing the

top ics dis cussed pre vi ously. This is known as zero shift or da tum shift.
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A typ i cal ap pli ca tion of this macro could be a sit u a tion, where the work off set is set to the cor -

ner of a part for the con ve nience dur ing setup, then changed by the macro to the cen ter of a cir cle

(bolt cir cle, for in stance) for the con ve nience of pro gram ming. There are sev eral other ways to do 

it, for ex am ple use G52. Our job is to cre ate a macro for the same pur pose. In O8007, the added

com ments de scribe what each block does. Check the sys tem vari ables for Fanuc 15M ear lier in

the chap ter, so you know what they mean.

O8007
(MACRO TO RESET PROGRAM ZERO AT CURRENT TOOL POSITION - VERSION 1)

N101 #1 = #4214 Store the current coordinate system number (54 to 59)

N102 #1 = #1-53 Store the current coordinate system group (1 to 6)

N103 #1 = 20*#1 Calculate the shift value for the current group (based on 20)

N104 #1 = #1+5201 Identify the applicable variable number

N105 #[#1] = #5021 Store the current X-axis machine coordinate in new variable

N106 #[#1+1] = #5022 Store the current Y-axis machine coordinate in new variable

N107 M99 Exit macro

%

The block num ber ing in macro is used for ref er ence only, and is not nec es sary. Lo cal vari able

#1 was used, but any other lo cal vari able could have been used in stead, for ex am ple, #33. This is

just one ver sion of the macro, and sev eral oth ers may be used. Im prove ments could in clude nested 

def i ni tions and per haps a to tally dif fer ent ap proach. This ex am ple will be re vis ited later, as one of

the prac ti cal pro jects.

Spe cial 'se cret' of macro O8007 is the block N102. No tice that an ar bi trary value of 53 is sub -

tracted from the cur rent value of vari able #1. Since #1 stores the cur rent work off set num ber (de -

fined in block N101), sub tract ing 53 from it will re turn a value of 1 for G54, 2 for G55, 3 for

G56, 4 for G57, 5 for G58, and 6 for G59. Block N103 will take this new value, and mul ti ply it

by 20 - re mem ber that 20 is the ar bi trary shift amount for work off set sys tem vari ables. In this

case, the shift of 20 is used for G54, 40 for G55, 60 for G56, 80 for G57, 100 for G58, and 120

for G59. Block N104 will add the num ber of 5201 to the shifted value, and be comes 5221 for

G54, 5241 for G55, 5261 for G56, 5281 for G57, 5301 for G58, and 5321 for G59. Block

N105 uses the cur rent num ber and changes it into a gen u ine sys tem vari able num ber, for ex am ple

5221 will now be #5221, and so on. Since the sys tem vari able is on the left, it will writ ten-to,

us ing the cur rent ma chine co or di nate for X (still in block N105). Block N106 adds the value of

one, and does the same think for the Y-axis.

Note what #[#1] means: take the re turned value of vari able #1 and con vert it to a le git i mate

num ber of a vari able. For ex am ple,

#1 = 100 Value of 100 is stored in variable 1

#100 = 1200.0 Value of 1200.0 is stored in variable 100

#2 = #[#1] Definition is equivalent to #2=#100, so value of #2 is also 1200.0
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TOOL OFFSET VARIABLES

The last chap ter listed the sys tem vari ables avail able for com mon - but dif fer ent - Fanuc con trol

mod els. It focused to some ex tent on han dling the work off sets, mainly the macro ap pli ca tions of

the stan dard set of G54 to G59 pre pa ra tory com mands. In ad di tion to the work offsets, there are

also off sets re lat ing to the cut ting tool and many sys tem vari ables re lated to tool off sets - as an ad -

di tion to the work off sets. In fact, there are so many of them, that a sep a rate chap ter is nec es sary.

The sub ject of tool off sets and the sys tem vari ables that re late to them, con tin ues the sub ject of

sys tem vari ables dis cussed in the pre vi ous chap ter, but in a dif fer ent spe cific area.

System Variables and Tool Offsets

In macro pro gram ming gen er ally, and in on-machine prob ing (in-process gaug ing) par tic u larly, 

the cur rent val ues of var i ous off sets change fre quently, and have to be con trolled au to mat i cally,

for the most re li able and re peat able re sults. This is done through var i ous cus tom made macro pro -

grams and rou tines. Into this cat e gory be long two spe cial groups of off sets (also called com pen sa -

tions) that re late to cer tain mea sure ment val ues of cut ting tools:

u Tool length offset ... and the related applicable G-codes: 

    G43, G44, and G49

u Cutter radius offset ... and the related applicable G-codes: 

    G40, G41, and G42

Val ues and set tings of ei ther group of off sets can be read di rectly by a macro pro gram, or writ -

ten to by a macro, us ing the sys tem vari ables of the Fanuc con trol sys tem. De pend ing on the

Fanuc model, the us age of these vari ables may be some what com pli cated. In or der to or ga nize the

pro cess, Fanuc dis tin guishes the tool off set ap pli ca tion in a macro by three spe cial groups, known

as the Tool Off set Mem ory Groups. Even if a CNC ma chine does not have a macro op tion in stalled 

or ac tive, it is a good idea to know what type of off set mem ory the ma chine has. This knowl edge

is very im por tant for stan dard CNC pro gram ming as well, and it is sur pris ing how many CNC

pro gram mers and op er a tors do not have a clue of what type of the tool off set mem ory a par tic u lar

CNC ma chine ac tu ally has. Chap ter 5 cov ered the sub ject of tool off set mem ory types in suf fi -

cient depth. Fo cus of this chap ter will be the re la tion ship of these off sets to sys tem vari ables.

The tool off set mem ory groups are re lated to the par tic u lar con trol model, and can be es tab -

lished quite eas ily by look ing at the con trol screen, and press ing the OFFSET but ton key on the

key board. The num ber of col umns and the col umn head ings (col umns con tents) will pro vide the

ba sic in for ma tion. Do not ex pect to find the group it self listed or oth er wise iden ti fied, how ever.

You have to ac tu ally know the ex act dif fer ences be tween the three groups, and that is the sub ject

briefly re vis ited in this chap ter.
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Tool Offset Memory Groups

The mem ory reg is ters that store the tool off sets de pend on the model of the con trol, and its type

(mill ing or turn ing). Pro gram mers should al ways know which mem ory type is avail able on each

Fanuc con trol in the ma chine shop. There are three groups for the mill ing con trols, and are iden ti -

fied by the cap i tal let ters A, B, and C. There are two groups for the turn ing con trols, and are iden -

ti fied by the cap i tal let ters A, and B. An ear lier Chap ter 5 dealt with the sub ject of Data Set ting - it 

de scribed the ap pear ance of each off set group on the con trol dis play screen (CRT). Re view ing the 

three main types used for the mill ing con trols (usu ally only one type ap plies to lathes), will help to 

con sider them in the con text of the sys tem vari ables used in mac ros.

Tool Offset Memory - Type A

This low est level group is also known as the shared off set group. It can be rec og nized it by its

sim plic ity. There is only a sin gle col umn avail able in the con trol sys tem to en ter both the tool

length off set val ues and the cut ter ra dius off set val ues. That means the tool off set for the length is

stored in the same reg is try area of the con trol as the tool off set for the ra dius. If a par tic u lar tool

re quires both off sets in the same pro gram, a dis tinc tion be tween them must include dif fer ent off set 

num bers. The same reg is try area shares both types of off sets. For ex am ple:

(TOOL 04 ACTIVE)
...

G43 Z2.0 H04 Uses tool length offset 04 (H04)

...

G01 G41 X50.0 D34 Uses cutter radius offset 34 (D34)

...

On some ma chines, the D-offset can not be used, and the H-offset must be used also for the cut -

ter ra dius:

(TOOL 04 ACTIVE)
...

G43 Z2.0 H04 Uses tool length offset 04  (H04)

...

G01 G41 X50 H34 Uses cutter radius offset 34  (H34)

...

The dif fer ence by 30 off set num bers is strictly op tional, some pro gram mers pre fer 50. It only

sug gests a pos si ble choice that is both suit able and prac ti cal. Any other num ber that is con ve nient

is ac cept able, as long as it is within the range of the avail able off set num bers. The more off sets are 

avail able, the higher in cre ment can be used. On the prac ti cal side, de ter mine the in cre ment not

only by the num ber of avail able off sets but also by their prac ti cal na ture. For ex am ple, ei ther the

tool length off set or the cut ter ra dius off set may have sev eral val ues for any sin gle tool, in some

ap pli ca tions. Which one of them is more likely to have a mul ti ple value in a prac ti cal ap pli ca tion?

Cer tainly the cut ter ra dius off set. That means al lo cat ing a larger range of off set num bers for the

ra dius off set than for the tool length off set.
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Tool Offset Memory - Type B

The next type of the tool off set mem ory type is the Mem ory Type B. It is very sim i lar to the

Mem ory Type A, but on the con trol screen ap pears as two col umns, not one. There is a sep a ra tion

be tween the Ge om e try Off set and the Wear Off set. As in Mem ory Type A, there is no dis tinc tion

be tween the tool length off set num ber, and the tool ra dius off set num ber. The ben e fit of this mem -

ory type is that a nom i nal off set value (called the ge om e try off set) can be in put and any ad just -

ments and fine tun ing are done in a sep a rate col umn, called the wear off set. Since the ‘fine-tun ing’ 

of the off set val ues takes place in two sep a rate off set reg is ters, the nom i nal off set value (ge om e -

try) is not nor mally changed. The us age of the off sets in the CNC pro gram is ex actly the same as

in ex am ples for Mem ory Type A:

(TOOL 04 ACTIVE)
...

G43 Z2.0 H04 Uses tool length offset 04 (H04)

...

G01 G41 X50.0 D34 Uses cutter radius offset 34 (D34)

...

On some ma chines, the D-offset can not be used, and an H-off set must also be used for the cut ter 

ra dius:

(TOOL 04 ACTIVE)
...

G43 Z2.0 H04 Uses tool length offset 04 (H04)

...

G01 G41 X50.0 H34 Uses cutter radius offset 34 (H34)

...

Note that the last pro gram ex am ple is iden ti cal to the one be fore (for Type A). What is dif fer ent

is the meth ods of in put ting val ues to the off sets, and that hap pens on the ma chine, dur ing the setup 

pro cess, not in the pro gram.

Tool Offset Memory - Type C

The tool off set Mem ory Type C is the lat est and the most flex i ble of the three. Like Mem ory

Type B, it dis tin guishes be tween the Ge om e try Off set and the Wear Off set. In ad di tion, it sep a rates

the Tool Length Off set and the Cut ter Ra dius Off set, each with its own Ge om e try and Wear off sets. 

Be cause each off set has its own reg is try area, the same off set num ber may be used for the H and

the D off sets:

(TOOL 04 ACTIVE)
...

G43 Z2.0 H04 Uses tool length offset 04 (H04)

...

G01 G41 X50.0 D04 Uses cutter radius offset 04 (D04)

...
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In terms of con ve nience, the Type C is equally gen er ous to the CNC pro gram mer (same off sets

num bers can be used in the pro gram for H and D ad dresses), and the CNC op er a tors (dis tinct con -

trol over ge om e try and wear for both length and ra dius off sets).

Tool Offset Variables - Fanuc 0 Controls

Since Fanuc 0 (FS-0) is the most mod est con trol in terms of fea tures, there fore not the most

suit able con trol for se ri ous and com plex macro work, the de tails re lat ing to sys tem vari ables will

be short. On the CNC ma chin ing cen ters (or mills), Fanuc 0 uses only two col umns for the tool

off set sys tem vari ables - the off set num ber and the vari able num ber.

Milling Control FS-0M

Typ i cal num ber of avail able tool off sets is up to 200, and the in put of tool off set re lated sys tem

vari ables re flect that.

Tool Offset
Number

Variable
Number

1 #2001

2 #2002

3 #2003

4 #2004

5 #2005

6 #2006

7 #2007

8 #2008

9 #2009

10 #2010

11 #2011

12 #2012

. . . . . .

. . . . . .

199 #2199

200 #2200

   Only one col umn of sys tem vari ables is avail able on Fanuc 0 con trol mod els.
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Turning Control - FS-0T

Typ i cal num ber of avail able tool off sets is 32, and the in put of tool off set re lated sys tem vari -

ables re flect that num ber.

Offset
Registry

Tool Offset
Number

Tool Wear
Offset Value

Tool Geometry
Offset Value

X-axis

1 #2001 #2701

2 #2002 #2702

3 #2003 #2703

. . . . . . . . .

32 #2032 #2732

Z-axis

1 #2101 #2801

2 #2102 #2802

3 #2103 #2803

. . . . . . . . .

32 #2132 #2832

Radius

1 #2201 #2901

2 #2202 #2902

3 #2203 #2903

. . . . . . . . .

32 #2232 #2932

Tool Tip

1 #2301 #2301

2 #2302 #2302

3 #2303 #2303

. . . . . . . . .

32 #2332 #2332

In the com mon Type B off set mem ory, four col umns of sys tem vari ables are re quired, 32 vari -

ables avail able for each col umn. Note that the Ge om e try and the Wear re lated vari ables are the

same for the Tool Tip set ting value, be cause they can not be dif fer ent for each mode. If a tool tip

num ber 3, for ex am ple, is set to the Ge om e try off set, it will also ap pear as 3 in the Wear off set.

Change of one will force the change of the other.

TOOL OFFSET VARIABLES 151

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Tool Offset Variables - FS 10/11/15/16/18/21 for Milling

Fanuc con trols 10/11/15/16/18 for mill ing share quite a few sys tem vari ables re lated to tool off -

sets and are listed un der the same head ing. Re gard less of this gen eral statement, al ways dou ble

check for any lat est changes in the Fanuc ref er ence man ual. Milling con trols will be cov ered first.

The tool off set sys tem vari ables are not only dis tin guished by the Mem ory Type (A, B, or C),

but also by the num ber of off sets ac tu ally avail able to the par tic u lar con trol sys tem. De pend ing on

the op tions pur chased, the dis tinc tion is be tween the num ber of off sets 200 or less, or over 200.

The fol low ing ta bles list the ap pro pri ate sys tem vari ables avail able.

Assignments for 200 Offsets or Less - Memory Type A

The fol low ing ta ble lists the sys tem vari ables for 200 or fewer off sets, in mem ory Type A:

Offset Number Variable Number

1 #2001

2 #2002

3 #2003

4 #2004

5 #2005

6 #2006

7 #2007

8 #2008

9 #2009

10 #2010

11 #2011

12 #2012

. . . . . .

. . . . . .

. . . . . .

198 #2198

199 #2199

200 #2200
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Assignments for 200 Offsets or Less - Memory Type B

The fol low ing ta ble lists the sys tem vari ables for 200 or fewer off sets, in mem ory Type B:

Offset
Number

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

1 #2001 #2201

2 #2002 #2202

3 #2003 #2203

4 #2004 #2204

5 #2005 #2205

6 #2006 #2206

7 #2007 #2207

8 #2008 #2208

9 #2009 #2209

10 #2010 #2210

11 #2011 #2211

12 #2012 #2212

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

198 #2198 #2398

199 #2199 #2399

200 #2200 #2400

In the Type B tool off set mem ory, there still ex ists the shar ing of the off sets be tween the tool

length and the tool ra dius en tries, but the sep a ra tion of Ge om e try off set and the Wear off set may

be very use ful in many macro ap pli ca tions, mainly those that re late to the pro gram con trolled

changes of pre set off set val ues. In such sit u a tions, the pre set value will be stored in the Ge om e try

off set col umn (and will not change), whereby the ad just ments to that value (the re quired changes)

will be made into the Wear off set col umn. The pre set off set val ues are typically mea sured

off-machine, us ing a spe cial pre set ting equip ment, and are quite com mon in large vol ume man u -

fac tur ing, ag ile man u fac tur ing, and in ma chine shops that use a large num ber of sim i lar CNC ma -

chine tools or spe cial features.
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Assignments for 200 Offsets or Less - Memory Type C

The fol low ing ta ble lists the sys tem vari ables for 200 or fewer off sets, in off set mem ory Type C

- note the four col umns of vari ables:

Offset
Number

 H-OFFSET D-OFFSET

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

1 #2001 #2201 #2401 #2601

2 #2002 #2202 #2402 #2602

3 #2003 #2203 #2403 #2603

4 #2004 #2204 #2404 #2604

5 #2005 #2205 #2405 #2605

6 #2006 #2206 #2406 #2606

7 #2007 #2207 #2407 #2607

8 #2008 #2208 #2408 #2608

9 #2009 #2209 #2409 #2609

10 #2010 #2210 #2410 #2610

11 #2011 #2211 #2411 #2611

12 #2012 #2212 #2412 #2612

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

198 #2198 #2398 #2598 #2798

199 #2199 #2399 #2599 #2799

200 #2200 #2400 #2600 #2800

The ben e fits of the Type C tool off set mem ory are the same as those for the Type B, but the ad di -

tional con trol of the tool length and the tool ra dius listed sep a rately, brings a lot of con ve nience

and flex i bil ity to the CNC and macro pro gram ming.

As was the case for work off set re lated sys tem vari ables, note the same log i cal iden ti fi ca tion

and num ber ing of vari ables for tool length and ra dius.
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Assignments for More than 200 Offsets - Memory Type A

The fol low ing ta ble lists the sys tem vari ables for con trols that have more than 200 tool off sets

avail able, in mem ory Type A:

Offset
Number

Variable
Number

1 #10001

2 #10002

3 #10003

4 #10004

5 #10005

6 #10006

7 #10007

8 #10008

9 #10009

10 #10010

11 #10011

12 #10012

. . . . . .

. . . . . .

. . . . . .

997 #10997

998 #10998

999 #10999

The off sets listed in the above ta ble are the same in prin ci ple as those used in ap pli ca tions for the 

As sign ments for 200 Off sets or Less - Mem ory Type A, listed ear lier in this chap ter. The only dif -

fer ence is the much greater num ber of off sets is avail able to the pro gram mer and op er a tor. The

large num ber of off sets usu ally ap pears on large CNC ma chines, and/or CNC ma chines that have

an un usu ally large num ber of tools that can be stored and reg is tered.

By the min i mum num ber of 200, it is safe to as sume that ma chines hav ing over 200 tools would

also use this group of tool off set sys tem vari ables.
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Assignments for More Than 200 Offsets - Memory Type B

The fol low ing ta ble lists sys tem vari ables for con trols that have more than 200 tool off sets avail -

able, in mem ory Type B:

Offset
Number

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

1 #10001 #11001

2 #10002 #11002

3 #10003 #11003

4 #10004 #11004

5 #10005 #11005

6 #10006 #11006

7 #10007 #11007

8 #10008 #11008

9 #10009 #11009

10 #10010 #11010

11 #10011 #11011

12 #10012 #11012

. . . . . . . . .

. . . . . . . . .

. . . . . . . . .

997 #10997 #11997

998 #10998 #11998

999 #10999 #11999

The tool off sets listed in the ta ble above are used for the same ap pli ca tions as those listed in As -

sign ments for 200 Off sets or Less - Mem ory Type B, listed ear lier in this chap ter - only a greater

num ber of off sets is avail able.
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Assignments for More than 200 Offsets - Memory Type C

The fol low ing ta ble lists sys tem vari ables for con trols that have more than 200 tool off sets avail -

able, in mem ory Type C:

Offset
Number

 H-OFFSET D-OFFSET

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

Geometry
Offset

Variable
Number

Wear
Offset

Variable
Number

1 #10001 #11001 #12001 #13001

2 #10002 #11002 #12002 #13002

3 #10003 #11003 #12003 #13003

4 #10004 #11004 #12004 #13004

5 #10005 #11005 #12005 #13005

6 #10006 #11006 #12006 #13006

7 #10007 #11007 #12007 #13007

8 #10008 #11008 #12008 #13008

9 #10009 #11009 #12009 #13009

10 #10010 #11010 #12010 #13010

11 #10011 #11011 #12011 #13011

12 #10012 #11012 #12012 #13012

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

997 #10997 #11997 #12997 #13997

998 #10998 #11998 #12998 #13998

999 #10999 #11999 #12999 #13999

The off sets are used the same as ap pli ca tions for As sign ments for 200 Off sets or Less - Mem ory

Type C, listed ear lier in this chap ter - only a greater num ber of off sets is avail able.

This and all pre vi ous ta bles for mill ing pro vide a good resource of sys tem vari ables for sev eral

mod els of Fanuc con trols for mill ing. The ta bles that fol low will pro vide sim i lar re sources for

turn ing con trols.
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Tool Offset Variables - FS 10/11/15/16/18/21 for Turning

Fanuc con trols FS-10, FS-11, FS-15, FS-16, FS-18, and FS-21 for turn ing also share quite a

few sys tem vari ables re lated to tool off sets, and are listed un der the same head ing. Re gard less of

this, al ways dou ble check for any lat est changes in the Fanuc ref er ence man ual. The turn ing con -

trols will be de scribed next.

The tool off set sys tem vari ables for lathe con trols are not only dis tin guished by the off set Mem -

ory Type (A or B), but also by the num ber of off sets ac tu ally avail able to the par tic u lar con trol

sys tem. De pend ing on the op tions pur chased, the dis tinc tion is be tween the to tal num ber of off sets 

64 or less, or over 64. The ta bles in this sec tion list the ap pro pri ate sys tem vari ables avail able.

Tool Setting

This par tic u lar sec tion does not re ally be long to the chap ter deal ing with tool off sets, but it is in -

cluded here as a re minder of the tool off sets used in pro gram ming of a typ i cal CNC lathe.       

In a typ i cal pro gram for a CNC lathe, the cut ting tool is called with the T-ad dress, fol lowed by a 

four digit num ber, for ex am ple T0101. There is no M06 func tion for an au to matic tool change on

the lathe, the T-ad dress does the tool change (tool in dex ing) as well as set ting the off set val ues.

The four digit num ber is, in fact, two pairs of two digit num bers. The first pair al ways calls the

tool num ber sta tion on the tur ret, the sec ond pair is the off set num ber. So T0101 means tool 1,

off set 1. With mem ory Type A, there is only a sin gle set of vari ables, and they re fer to the Wear

off set only. There is no Ge om e try off set in Type A. In the pro gram, it could be the G50 com mand

that sets the ge om e try off set (G50 on lathes is equiv a lent to G92 on mills). Since this method of

set ting is to day con sid ered ob so lete, it is the Type B that is more com mon and pop u lar, us ing the

Ge om e try and the Wear off sets. In this case, the first pair of dig its in T0101 means se lec tion of the 

tool sta tion num ber 1 on the tur ret (in clud ing the tool change) and the Ge om e try off set num ber, in

this ex am ple, also 1. The sec ond pair is strictly as signed to the Wear off set and does not have to be 

the same as the Ge om e try off set, al though of ten is.

Al though there are CNC lathe op er a tors who to tally ig nore the Ge om e try/Wear off set dis tinc -

tion in the con trol and use only the Ge om e try off set, it is def i nitely not the rec om mended ap -

proach, def i nitely for macro pro grams. For ex am ple, if the mea sured Ge om e try off set en try for

T0101 is Z-375.0 and the Wear off set for the same tool is Z1.5, it is ex actly the same as hav ing

the Ge om e try off set set to Z-373.5, and the Wear off set set to Z0.0. Not the right ap proach, not

the rec om mended ap proach, but it does work any way.

The rea son it is pref er a ble to keep the Ge om e try off set un changed and ma nip u late the Wear off -

set only, is be cause the Ge om e try off set  rep re sents a nom i nal, or orig i nal, given, or pre set off set

mea sure ment. It may come from the op er a tor’s on-the-machine mea sure ment, or from an ex ter nal 

tool presetter. This ap proach also al lows for an eas ier con trol in sit u a tions where more than one

Wear off set is re quired for the same tool, which is a very pow er ful tech nique for main tain ing tight 

tolerances. Man ag ing both off set types prop erly will help in prep a ra tion of qual ity macro pro -

grams for CNC lathes.
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Assignments for 64 Offsets or Less - Memory Type A

The off set mem ory Type A is not found very of ten in ma chine shops any more. The fol low ing

ref er ence ta ble lists sys tem vari ables for 64 or fewer off sets, in mem ory Type A.

The list ing is equiv a lent to the Wear off set list ing only:

Offset
Registry

Tool Offset
Number

Tool Offset
Value

X-axis

1 #2001

2 #2002

3 #2003

. . . . . .

64 #2064

Z-axis

1 #2101

2 #2102

3 #2103

. . . . . .

64 #2164

Radius

1 #2201

2 #2202

3 #2203

. . . . . .

64 #2264

Tool Tip

1 #2301

2 #2302

3 #2303

. . . . . .

64 #2364
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Assignments for 64 Offsets or Less - Memory Type B

The off set mem ory Type B is quite com mon, and is found on many Fanuc lathe con trols. It sup -

ports up to 64 tool off sets, more than enough for the ma jor ity of lathe ap pli ca tions.

The fol low ing ref er ence ta ble lists sys tem vari ables for 64 or fewer off sets, in mem ory Type B:

Offset
Registry

Tool Offset
Number

Tool Wear
Offset Value

Tool Geometry
Offset Value

X-axis

1 #2001 #2701

2 #2002 #2702

3 #2003 #2703

. . . . . . . . .

64 #2064 #2764

Z-axis

1 #2101 #2801

2 #2102 #2802

3 #2103 #2803

. . . . . . . . .

64 #2164 #2864

Radius

1 #2201 #2901

2 #2202 #2902

3 #2203 #2903

. . . . . . . . .

64 #2264 #2964

Tool Tip

1 #2301 #2301

2 #2302 #2302

3 #2303 #2303

. . . . . . . . .

64 #2364 #2364
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Assignments for More than 64 Offsets - Memory Type A

The off set mem ory Type A is not found very of ten in ma chine shops any more, and with more

than 64 off sets it is even more rare. The fol low ing ref er ence ta ble lists sys tem vari ables for more

than 64 off sets (160 listed - other num ber is also pos si ble), in mem ory Type A.

The list ing is equiv a lent to the Wear off set list ing only:

Offset
Registry

Tool Offset
Number

Tool Offset
Value

X-axis

1 #10001

2 #10002

3 #10003

. . . . . .

160 #10160

Z-axis

1 #11001

2 #11002

3 #11003

. . . . . .

160 #11160

Radius

1 #12001

2 #12002

3 #12003

. . . . . .

160 #12160

Tool Tip

1 #13001

2 #13002

3 #13003

. . . . . .

160 #13160
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Assignments for More than 64 Offsets - Memory Type B

The off set mem ory Type B for more than 64 off sets rep re sents quite a mod ern ap pli ca tion, but it 

is not too com mon. It sup ports over 64 tool off sets (160 listed - other num ber is also pos si ble),

more than enough for some very com plex lathe ap pli ca tions.

The fol low ing ref er ence ta ble lists sys tem vari ables for more than 64 off sets in mem ory Type B:

Offset
Registry

Tool Offset
Number

Tool Wear
Offset Value

Tool Geometry
Offset Value

X-axis

1 #15001 #10001

2 #15002 #10002

3 #15003 #10003

. . . . . . . . .

160 #15160 #10160

Z-axis

1 #16001 #11001

2 #16002 #11002

3 #16003 #11003

. . . . . . . . .

160 #16160 #11160

Radius

1 #17001 #12001

2 #17002 #12002

3 #17003 #12003

. . . . . . . . .

160 #17160 #12160

Tool Tip

1 #13001 #13001

2 #13002 #13002

3 #13003 #13003

. . . . . . . . .

160 #13160 #13160
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MODAL DATA

One of the most im por tant prac ti cal ex am ples of us ing sys tem vari ables in a macro pro gram

deals with the sub ject of modal data. All ba sic CNC pro gram ming courses teach that the ma jor ity

of data in a CNC pro gram is modal. The word modal is a word based on the Latin word mo dus,

which means man ner. In Eng lish, we of ten use the words mode, style, form, etc., to de scribe such 

a con di tion. When the same mean ing is ap plied to the CNC modal word, for ex am ple a feedrate

word F250.0, it means the spec i fied feedrate has the same form, same style, same mode - it means 

that it does not change, or that it is modal, un til an other feedrate word re places it. The same logic

ap plies to many other CNC pro gram state ments (words), such as the spin dle speed S, off sets H

and D, and many oth ers, in clud ing most of the G-codes and the M-codes. Of course, all axis data

is modal as well (XYZ po si tions).

In this chap ter, the em pha sis will be placed on the im por tance of pro gram modal val ues that ex -

ist be fore the cus tom macro is called, ei ther from the main pro gram, or from an other subprogram. 

The em pha sis will also be at how a macro can store the ex ist ing modal val ues, change them tem -

po rarily, and re store the orig i nal ones later, when re quired.

Work ing with modal com mands in mac ros is not dif fi cult, but care is needed to avoid prob lems.

System Variables for Modal Commands

The 4000 se ries of sys tem vari ables (ap pli ca ble to FS-0/10/11/15/16/18/21) cov ers the uti li za -

tion of modal com mands within a macro. In this 4000 se ries, there are two groups of sys tem vari -

ables, based on the con trol model:

Fanuc 0/16/18/21 Modal Information

These con trol models use a set of two 4000 se ries vari ables:

#4001 to #4022 Modal Information (G-code groups)

#4102 to #4130 Modal Information (B, D, F, H, M, N, O, S, and T codes)

Fanuc 10/11/15 Modal Information

These con trol models also use a set of two 4000 se ries vari ables, but with a wider range:

#4001 to #4130 Modal Information (Preceding Block)

#4201 to #4320 Modal Information (Executing Block)
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Preceding and Executing Blocks

The pur pose of the 4000 se ries of sys tem vari ables is to pro vide the CNC macro pro gram mer

with modal in for ma tion that is cur rent at any given time. There are two groups of in for ma tion

avail able, the pre ced ing block, and the ex e cut ing block.

u Preceding Block

In this group is the modal information that is already active
This block is also called the pre-reading block

u Executing Block

In this group is the modal information that will become active
when the current block is being executed

Note that the Executing Block is not available
on Fanuc models FS-0, FS-16, FS-18 and FS-21

Modal G-codes

Apart from axis com mands, of all the re main ing modal com mands, the G-codes are the most

prom i nent and most com monly used in mac ros. For all Fanuc con trols, the first sys tem vari able is

#4001, where the last digit (1) means modal G-code Group 01, #4002 re fers to the G-code

Group 2, and so on. Group 00 is not sup ported, be cause the 4000 se ries of sys tem vari ables serves 

the modal in for ma tion only, and G-codes in the Group 00 are non-modal. For the Fanuc

0/16/18/21 con trols, the sta tus of var i ous modal G-codes is al ways stored in sys tem vari ables

within the #4001-#4022 range, and the other codes within the range of #4102-#4130. All

these vari ables are modal in for ma tion of the pre ced ing block. For the Fanuc 10/11/15 con trols,

the sta tus of modal sys tem vari ables is di vided be tween the pre ced ing block (sys tem vari ables

within the #4001-#4130 range), and the ex e cut ing block (sys tem vari ables within the

#4201-#4330 range).

Within ei ther range of vari ables, the cur rent value of the G-codes of all modal groups can be

saved into a lo cal or a com mon macro vari able, typ i cally be fore the G-code is changed in the

macro. The main pur pose of the sav ing the cur rent modal G-code(-s) is the safety be ing built into

the macro pro gram, but also the ef fort of main tain ing pro fes sional pro gram ming en vi ron ment.

For ex am ple, if the work off set G56 is used in the macro, and no ac tion is taken, the G56 will be -

come the cur rent co or di nate sys tem af ter the macro is com pleted, for any pro gram that is loaded

af ter. Such a sit u a tion may be very de struc tive, if - for in stance - the flow of the main pro gram ex -

e cu tion de pends on the G54 work off set. A pro fes sional pro gram mer al ways saves the cur rent

modal G-values within the macro, then changes the val ues that need to be used in the macro body.

The new val ues can be used freely, as needed, as many times as needed, within the macro, while

the macro is active. Fi nally, be fore the macro ex its, the orig i nal val ues used in the main pro gram

or an other macro are re stored and ap plied for the sub se quent pro gram flow.
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Fanuc 0/16/18/21

Typ i cal list ing of G-codes (pre pa ra tory commands) modal in for ma tion for the lower level CNC

con trols (pre ced ing block only - ex e cut ing block is not avail able):

System
Variable
Number

G-code
Group

G-code
Commands

#4001 01 G00 G01 G02 G03 G33  Note:  G31 belongs to Group 00

#4002 02 G17 G18 G19

#4003 03 G90 G91

#4004 04 G22 G23

#4005 05 G93 G94 G95

#4006 06 G20 G21

#4007 07 G40 G41 G42

#4008 08 G43 G44 G45

#4009 09 G73 G74 G76 G80 G81 G82 G83 G84 G85 G86 G87 G88 G89

#4010 10 G98 G99

#4011 11 G50 G51

#4012 12 G65 G66 G67

#4013 13 G96 G97

#4014 14 G54 G55 G56 G57 G58 G59

#4015 15 G61 G62 G63 G64

#4016 16 G68 G69

#4017 17 G15 G16

#4018 18 N/A

#4019 19 G40.1 G41.1 G42.1

#4020 20 N/A  to  FS-M  and  FS-T  controls

#4021 21 N/A

#4022 22 G50.1 G51.1

For ex am ple, when the macro pro gram con tains ex pres sion #1=#4001, and the vari able is

pro cessed, the re turned value stored in #1 may be 0, 1, 2, 3, or 33, de pend ing on the ac tive

G-code in Group 01.
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Fanuc 10/11/15

Typ i cal list ing of G-codes (pre pa ra tory commands) modal in for ma tion for the higher level CNC 

con trol systems:

System
Variable Number G-code

Group
G-code Commands

Preceding
Block

Executing
Block

#4001 #4201 01 G00 G01 G02 G03 G33    Note:  G31 belongs to Group 00

#4002 #4202 02 G17 G18 G19

#4003 #4203 03 G90 G91

#4004 #4204 04 G22 G23

#4005 #4205 05 G93 G94 G95

#4006 #4206 06 G20 G21

#4007 #4207 07 G40 G41 G42

#4008 #4208 08 G43 G44 G45

#4009 #4209 09
G73 G74 G76
G80 G81 G82 G83 G84 G85 G86 G87 G88 G89

#4010 #4210 10 G98 G99

#4011 #4211 11 G50 G51

#4012 #4212 12 G65 G66 G67

#4013 #4213 13 G96 G97

#4014 #4214 14 G54 G55 G56 G57 G58 G59

#4015 #4215 15 G61 G62 G63 G64

#4016 #4216 16 G68 G69

#4017 #4217 17 G15 G16

#4018 #4218 18 G50.1 G51.1

#4019 #4219 19 G40.1 G41.1 G42.1

#4020 #4220 20 N/A to  FS-M  and  FS-T  controls

#4021 #4221 21 N/A

#4022 #4222 22 N/A

. . . . . . . . . . . .
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Saving and Restoring Data

The two of the most el e men tary pro gram ming rules are log i cal ap proach and pro gram ming

neat ness. This hand book tries to fol low these rule dil i gently, be cause they help in making a high

qual ity macro pro gram. The goal is a CNC pro gram or a macro that is writ ten in a log i cal man ner, 

is well or ga nized, fol lows op er a tional steps in a me thod i cal way, does not take any thing for

granted, and, yes - is neat and el e gant. The re sult is a pro gram that is much eas ier to in ter pret,

doc u ment, and change, if nec es sary, even by a rel a tive be gin ner in macro de vel op ment. There are 

two meth ods ap plied in macro pro gram ming that be long to this cat e gory.

Saving Modal Data

To save (store) the cur rent value of a G-code (or other modal codes), is to pre serve them for

later use - or rather re-use. The cur rent value is stored into a vari able and re trieved to re store the

orig i nal set ting. In a typ i cal macro, there will be many G-codes used, most of them modal. This

pro gram ming con ve nience also pres ents a po ten tial prob lems. When a macro ex its, the modal

G-codes used by the macro will still be in ef fect. That cre ates a very dis or ga nized way of macro

pro gram de vel op ment, and can lit er ally be a cause of many se ri ous and hard to find prob lems. Al -

though any modal G-code groups can be saved (and even tu ally re stored), only two or three groups 

are com monly saved and re placed in most mac ros (add others, if needed):

o G-code Group 01 Motion Commands

Rapid, Linear, Circular G00, G01, G02, G03, G33

o G-code Group 03 Dimensioning Mode

Absolute or Incremental mode  G90 or G91

o G-code Group 06 Measuring Units

Metric or English G21 or  G20

Typ i cal method of sav ing the cur rent G-code mode is to as sign the se lected sys tem vari able into

a lo cal vari able. A com mon vari able may also be used, in some very spe cial ap pli ca tions. Here is

an ex am ple that stores the cur rent mode of Group 01 (mo tion com mands), and the cur rent mode

of dimensioning from Group 03:

#31 = #4201 Store the current motion command mode Group 01 (G00, G01, G02, G03 or G33)

#32 = #4203 Store the current dimensioning mode Group 03  (G90 or G91)

#33 = #4206 Store the current units mode Group 06 (G20 or G21)

Note that the last two dig its of the sys tem vari able match the modal G-code Group num ber. This 

is no co in ci dence. Such log i cal num ber ing of fers an easy way of re mem ber ing. It can also be ap -

plied within a macro pro gram in some in ge nious way, to take ad van tage of it. When a macro is

called, any cur rent modal com mand should al ways be reg is tered at the be gin ning of the macro, if

that is not the case, then def i nitely be fore any changes are made within the macro.
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Restoring Modal Data

Since the orig i nal G-code(-s) have been stored for the sin gle rea son of re stor ing them later, they 

have to restored be fore the macro ends, typ i cally at the end, just be fore the M99 func tion. Us ing

two sys tem vari ables introduced in the pre vi ous ex am ple, here is a sche matic lay out of a macro

pro gram structure, show ing both the stor age and the res to ra tion of two modal val ues:

O0018 (MACRO MODAL VALUES)

#31 = #4201 Store the current motion command

#32 = #4203 Store the current dimensioning mode

...
G90 G00 G54 X150.0 Y75.0

...

< ... macro processing … >

...

G#31 G#32 Restore both previously saved modes

M99
%

In the ex am ple segment, the vari ables #31 and #32 store the cur rent val ues of the mo tion and

dimensioning modes, at the very be gin ning of the macro. The macro then pro ceeds with its own

def i ni tions, G-code changes, and so on, and be fore the macro end (be fore M99), the orig i nal val -

ues, the pre vi ously stored val ues, are re trieved to be come modal af ter the macro ex its. Since both

of the pre vi ously stored val ues rep re sent modal com mands, the pro gram ming re turns from the

macro to the same en vi ron ment that ex isted be fore the macro was called. Log i cal method of num -

ber ing sys tem vari ables will be also ap plied to the other modal codes.

Other Modal Functions

In ad di tion to the modal G-codes, there are ad di tional eleven modal codes used in typ i cal macro

pro gram ming. Just like the G-codes, in a macro cal cu la tion (or a for mula), these pro gram codes

can not be pro grammed to the left side of the equal sign, which means they can not be as signed

value through the pro gram. This is sim i lar to the con cept of ‘read-only’ and the ‘read-and-write’

type of vari ables in many gen eral com mer cial pro gram ming lan guages, cov ered in the last chap -

ter. The listing of the  'other' eleven modal ad dresses that can be used in macro pro gram ming, is

pre sented here:

  B    D    E    F    H    M    N    O    S    T    P  

These modal codes are in ad di tion to the modal G-codes. On the next two pages are the list ings

of the sys tem vari ables re lat ing to the 'other' modal ad dresses, for the two com mon types of

Fanuc con trols. Ob serve the method of how these vari ables are num bered, again, there is a log i cal 

method to it, and a lit tle dif fer ent one from the one used for modal G-codes. Also note the last two 

dig its of each sys tem vari able num ber. They cor re spond to the Lo cal Vari ables As sign ment List 1. 

For ex am ple, the let ter B is as signed to the lo cal vari able #2, hence the #4102 sys tem vari able,

the let ter D is as signed to the lo cal vari able #7, hence the #4107 sys tem vari able, and so on.

Very valu able ob ser va tion that can come handy.
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Fanuc 0/16/18/21

As in the ta ble for the modal G-codes listed ear lier, the lower level con trols use only sys tem

vari ables ap ply ing to the pre ced ing block. The sys tem vari ables re lated to the ex e cut ing block are

not avail able for this group of Fanuc con trols (FS-0/16/18/21).

The fol low ing ta ble shows the other modal in for ma tion (eleven com mon ad dresses) fre quently

used in a macro pro gram with their cor re spond ing sys tem vari ables.

System
Variable
Number

Program Address
(Code Letter)

#4102 B-code - indexing axis position

#4107 D-code - cutter radius offset number

#4108 E-code - feedrate value (if available)

#4109 F-code - feedrate value

#4111 H-code - tool length offset number

#4113 M-code - miscellaneous function

#4114 N-code - sequence number

#4115 O-code - program number

#4119 S-code - spindle speed value

#4120 T-code - tool number

#4130 P-code - additional work offset number

 As the ta ble illustrates, the only ex cep tion in the ta ble is the #4130 vari able - it has no cor re -

spond ing value in the As sign ment List 1 for lo cal vari ables. It was added by Fanuc later, when the

CNC tech nol ogy ad vanced, to ac com mo date the ex tended work off set set, also known as the ad di -

tional work off sets - G54.1 P1 to G54.1 P48. Vari ables that would 'fit nat u rally' in the ta ble,

but are miss ing, for ex am ple #4118, are quite le git i mate to use, pro vid ing they are sup ported by

the con trol sys tem for the par tic u lar CNC ma chine tool (not ex actly a likely sce nario).

There are two sys tem vari able num bers that may seem out of or der - they are #4114 (the let ter

N, the ad dress for the se quence num bers), and #4115 (the let ter O, the ad dress for the pro gram

num ber). In the As sign ment List 1, there are no #14 and #15 lo cal vari ables listed. These as sign -

ments are phys i cally ex cluded in the list, but they are im plied by their ‘non-pres ence’.
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Fanuc 10/11/15

The list ing of sys tem vari ables for the higher group of Fanuc con trols uses both sets of vari ables 

- for the pre ced ing block, and for the ex e cut ing block.

System
Variable Number Program Address

(Code Letter)Preceding
Block

Executing
Block

#4102 #4302 B-code - indexing axis position

#4107 #4307 D-code - cutter radius offset number

#4108 #4308 E-code - feedrate value (if available)

#4109 #4309 F-code - feedrate value

#4111 #4311 H-code - tool length offset number

#4113 #4313 M-code - miscellaneous function

#4114 #4314 N-code - sequence number

#4115 #4315 O-code - program number

#4119 #4319 S-code - spindle speed value

#4120 #4320 T-code - tool number

#4130 #4330 P-code - Additional work offset number

One ob ser va tion that may be valu able from this chap ter re lates to the list. It  is not what is in -

cluded, but what is miss ing. Modal com mands used in the macro pro gram ming have been dis -

cussed ex ten sively, along with the re lated sys tem vari ables. An other sub ject dis cussed was the

ma jor group of the modal G-code ad dresses, and eleven other modal ad dresses. What is miss ing?

What is miss ing are all sys tem vari ables that have some thing to do with a tool po si tion, such as

end point co or di nates in a block, work co or di nates, ma chine co or di nates, var i ous tool off set po si -

tions, co or di nates re lated to the skip func tion, and so on - even de vi a tion amount of the servo po -

si tion, etc.

In the chap ters that fol low this one, more sys tem vari ables will be cov ered, most listed ear lier in 

a de scrip tive form. They in clude those re lated to alarms, tim ers, and var i ous axis po si tion in for -

ma tion. The next chap ter cov ers an other part of the most im por tant macro pro gram ming tools -

conditional testing, branch ing and loop ing.
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BRANCHES AND LOOPS

About half way through the hand book, now co mes a real pow er house of mac ros. At this level of 

macro de vel op ment, strong ba sic knowl edge of macro com mand struc ture, off sets, mem o ries, as

well as understanding vari ables, etc., is essential. A vari able is as signed a value, macro is pro -

cessed with that value in ef fect, macro ex its. This straight for ward ap proach is convenient, and

very com mon, but it can not and does not stand alone. It needs some ad di tional forms of data ma -

nip u la tion, forms based on some kind of de ci sion mak ing pro cess.

Decision Making in Macros

The struc ture of a typ i cal Fanuc macro pro gram is based on the old est and sim plest of all com -

puter lan guages - Ba sic™. The Ba sic lan guage proved to be sim ple, yet pow er ful, lan guage for its

time. Al though the Ba sic lan guage in its orig i nal form is now a his tory, many of its rules and

struc tural forms still do ex ist. Ba sic lan guage has de vel oped into the cur rent Vi sual Ba sic, very

mod ern, and struc tured, high level lan guage. One of the rem nants of the old Ba sic is the func tion

GOTOn, and GOSUB, both con sid ered to day a very poor way of lan guage based pro gram struc -

ture. How ever, the other branch ing func tions (IF, IF-THEN, and WHILE) are avail able to con -

trol the flow of the macro pro gram.

In ei ther form, the de ci sion is al ways based on the re sult of a given con di tion, or given sit u a -

tion. De pend ing on this re sult, at least two other op tions must be avail able for fur ther con sid er -

ations. As an ex am ple, the ev ery day Eng lish equiv a lent of - “If I have money, I will buy a car.”

has two parts. The con di tion here is 'if I have money' - 'to have money'. There are two logical out -

comes - they are 'I will buy a car' and 'I will not buy a car', one or the other, but never both. “If I

have money, I will buy a car, but I do not have money, so I will not buy a car.”  Sim ple logic, and 

very pow er ful when ap plied to mac ros.

The sim plic ity of the above ex am ple is very strong when trans ferred into the realm of a macro

pro gram ming. Of course, the macro con di tions and macro op tions will al ways be dif fer ent, but

the logic, the eval u a tion, the think ing pro cess, and the de ci sion will not.

For ex am ple, one ob jec tive of a macro could be to check if the cut ting tool trav els within the

lim its of the ma chine. For each axis to be tested, a very spe cific con di tion will be created - “If the

length of travel is greater than the given dis tance, then ...”, and the macro will have to con tain the 

de ci sion in it own format. If the con di tion spec i fied is true, the CNC op er a tor may be no ti fied

with an alarm mes sage or at least a pro gram com ment. If the con di tion is false (not true), the

macro will pro ceed with the pro gram flow with out in ter rup tion. The op er a tor may not even be

aware of the eval u a tion and de ci sion tak ing place. This chap ter cov ers var i ous as pects of con di -

tional test ing, branch ing, and loop ing, de pend ing on the com plex ity of the given con di tion and the 

pur pose of such eval u a tion.

The first and the sin gle ma jor func tion in all the above ex am ples is the IF func tion.
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IF Function

IF

The IF func tion has sev eral names - it is called the de ci sion func tion, the di ver gence func tion,

or most com monly, the con di tional func tion. The for mat of th IF func tion is:

IF [ CONDITION IS TRUE ] GOTOn  

where n is the block num ber to branch to, but only if the eval u ated con di tion (the re turned

value) is TRUE. If the con di tion is true, all state ments be tween the IF-block and GOTOn-block

will be by passed. If the eval u ated con di tion is not TRUE, it is FALSE, and the pro gram will con -

tinue pro cess ing the next block fol low ing the block con tain ing the IF func tion. We can sche mat i -

cally rep re sent the last ex am ple in a sim ple flow chart in Fig ure 19.

The flowchart only shows the de ci sion mak ing and the re sults, not any com plete pro gram. The

di ag o nal box iden ti fies the con di tion to be eval u ated (for ex am ple, ma chine travel lim its), and the

two rect an gu lar boxes iden tify two - and only two - pos si ble out comes (YES or NO). Each out -

come re sults in an ac tion to be taken:

o If the travel IS too long, gen er ate alarm condition and stop pro cess ing

o If the travel IS NOT too long, run the rest of the pro gram nor mally

The IF func tion is one of the macro state ments that con trol the or der of pro gram pro cess ing.

Conditional Branching

Branching from one block of the pro gram to an other block of the same pro gram is unique to

mac ros - it al ways means by pass ing one or more pro gram blocks. The by pass has to be done in a

se lec tive and con trolled way, oth er wise all kinds of prob lems will take over. The conditional func -

tion IF serves as a de ci sion maker be tween at two op tions. The main state ment in a macro is:
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IF [condition is true] GOTOn

for ex am ple,

IF [#7 LT 0] GOTO65 If the value of variable #7 is less than 0, branch to block N65

...

... If the above condition is true, bypass this section up to N65

...

N65 ... Target block of the IF conditional statement

The branch ing will only oc cur if the spec i fied con di tion is true (that means the con di tion is sat is -

fied). If not, the block im me di ately fol low ing the IF state ment will be ex e cuted and no branch ing

will take place.

It is very im por tant that the tar get block of the branch ing, the one called in the GOTOn state ment 

does ex ist in the same program, and is not du pli cated. If nec es sary, it is pos si ble to re place the n in 

the GOTOn with a vari able number or the re sult of a pre vi ous cal cu la tion. For ex am ple, the fol -

low ing ex am ple is per fectly legitimate:

#33 = 65
...

IF [#7 LT 0] GOTO#33 If the value of variable #7 is less than 0, branch to block N65

...

... If the above condition is true, bypass this section up to N65

...

N65 ... Target block of the IF function conditional statement

The N-address block can not be used as a vari able statement, for ex am ple N#31 is il le gal.

Unconditional Branching

  GOTOn  

The GOTOn state ment can be pro grammed on its own, with out us ing the IF func tion. In this

case, the macro pro gram will branch un con di tion ally, to the n block num ber spec i fied at the

GOTOn. With out the IF func tion, the GOTOn state ment has no con di tion (in this case, it is called

an un con di tional state ment or un con di tional branch or un con di tional jump). The range of the

GOTOn state ment (con di tional or un con di tional) is only lim ited by the max i mum of se quence

num bers avail able for the given con trol model:

u Four-digit sequence number Range of n is 1-9999

u Five-digit sequence number Range of n is 1-99999

Do NOT change the block numbers if the macro contains GOTOn branch !
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Fanuc sys tem will gen er ate an alarm, if the se quence num ber range is ex ceeded (Se quence No.

out of range er ror). Block des ig na tion N0 is not al lowed and will also re sult in an alarm con di tion. 

Du pli cate N-ad dresses in the same pro gram are pos si ble, but they are not only strongly dis cour -

aged, they may as well be out right for bid den in mac ros es pe cially. Def i nitely do not du pli cate the

se quence num bers (N-num bers) in a macro pro gram.

A macro ex pres sion (a vari able num ber) may also be used for the block num ber spec i fied by the 

un con di tional GOTOn state ment, sim i lar to the con di tional state ment, for ex am ple:

#33 = 65 Variable #33 stores the target block number

...

GOTO#33 Unconditional branching to the block N65

…

... Arbitrarily bypass this section up to N65

…

N65 ... Target block of the GOTOn statement

Whether used con di tion ally or un con di tion ally, the GOTOn func tion should only be used when

nec es sary. There are per fectly le git i mate rea sons why to use this func tion in mac ros for branch -

ing, but try to limit its usage for branch ing and loop ing. There are better func tions to es tab lish this 

goal, namely the WHILE func tion. 

IF-THEN Option

  IF [ condition is true ] THEN [ argument ]  

Only the Fanuc con trol mod els 10/11/15 sup port the IF-THEN struc ture of con di tional test ing,

0/16/18 do not (Fanuc model 21 does). The main con cept of the con di tional IF-THEN struc ture is 

sim plic ity. IF-THEN is a short cut when only two choices are avail able. Rather than in vok ing a

for mal struc ture of the IF state ment alone, com bined with the GOTOn state ment, the IF-THEN

op tion of fers an im me di ate and short so lu tion. Com pare the two fol low ing ex am ples - both state -

ments will yield iden ti cal re sults. The two ex am ples de fine the Z-axis clear ance in the cur rent sys -

tem of units (ei ther Eng lish or Met ric):

2 Example 1 - Macro control without the  IF-THEN  structure

#100 = #4006 Check the current units (English G20 or Metric G21)

IF[#100 EQ 20.0] GOTO20 If the units are English, branch to block number N20

IF[#100 EQ 21.0] GOTO21 If the units are Metric, branch to block number N21

N20 #100 = 0.1 Set 0.1 of an inch as the current clearance (English)

GOTO999 Bypass Metric setting

N21 #100 = 2.0 Set 2.0 mm as the current clearance (Metric)

N999 Start section common to both English and Metric

. . .

<... Macro continues normally … >
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2 Example 2 - Macro control with the  IF-THEN  structure

#100 = #4006 Check current units (English G20 or Metric G21)

IF[#100 EQ 20.0] THEN #100 = 0.1 Clearance above work is 0.1 inch for G20

IF[#100 EQ 21.0] THEN #100 = 2.0 Clearance above work is 2 mm for G21

...

< ... Macro program continues normally … >

Using the IF-THEN method makes the pro gram shorter by one half and is eas ier to in ter pret.

Single Conditional Expressions

Macros sup port all six avail able con di tional ex pres sions, also known as the Boolean Op er a tors.

They com pare two sides of an ex pres sion:

Math
Symbol

Expression
Macro

Function
Format

  = Equal To EQ #I EQ #j

  ¹ Not Equal To NE #I NE #j

 < Less Than LT #I LT #j

 £ Less Than Or Equal To LE #I LE #j

 > Greater Than GT #I GT #j

 ³ Greater Than Or Equal To GE #I GE #j

For ex am ple, the macro ex pres sion

IF [#1 EQ #2] GOTO99

will be true, only if the cur rent value of vari able #1 is the same as the cur rent value of vari able

#2. In such a case, the branch ing will take place. If the cur rent val ues of the two vari ables are dif -

fer ent, the con di tion is false, and the macro con tin ues with pro cess ing of the next block, and no

branch ing takes place.

Cal cu la tion for mu las can be nested, pro vid ing the square brack ets are used correctly:

IF [#1 EQ [#2+#3]] GOTO99

In this case, the cur rent val ues of vari ables #2 and #3 are summed-up first, and the re sult of the

sum is com pared with the cur rent value of vari able #1. If they match, the spec i fied con di tion is

true, and branch ing will take place, oth er wise the macro con tin ues in the next block.
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Combined Conditional Expressions

In the more com plex cal cu la tions, two or more con di tions have to be eval u ated (com pared). The 

re sult is of ten de pend ent on the re turned value of sev eral com bined con di tions. For ex am ple, in

Eng lish, you may say “If I have money and time, I will take a va ca tion.”. In this state ment, a sin -

gle true con di tion is not enough - both con di tions must be true for the whole ex pres sion to be true. 

No ex cep tions - even if I have the money, but I have no time, I can not take a va ca tion. On the

other hand, you may say “If I save enough money or win a lot tery, I will take a va ca tion.”. This is

a dif fer ent state ment. In this case, only one expression has to be true, for me to take a va ca tion. If

I save enough money, I don't need to win a lot tery, and I still can take a va ca tion. If I do win a lot -

tery, I don't need to save money at all, and I can also take a va ca tion. These state ments and ex -

pres sions are found in ev ery day lan guage.

In macro programming, there two other func tions avail able (ac tu ally three) that can be com -

bined to eval u ate a given con di tion on bi nary num bers, bit by bit. They are:

  AND   OR  

   For any given con di tion, these macro func tions can be used:

u AND All given conditions must be true,

for the whole condition to be true

u OR Only one given condition must be true,

for the whole condition to be true

  XOR  

   Also, there is the third func tion - the XOR (ex clu sive OR) - func tion, but that is quite dif fi cult to

un der stand at the mo ment, and is very sel dom used in a nor mal macro work.

When you eval u ate a com bined con di tional state ment, al ways ask the ques tion ‘Do the con di -

tions have to be true ALL at the same time?’. If the an swer is Yes, use the AND func tion, oth er wise 

use the OR func tion. The for mat of in put of these func tions into a macro has al ready been de -

scribed ear lier. The AND and the OR func tions are typ i cal Bi nary Func tions, be cause their re turned 

value can only have two states - ei ther TRUE or FALSE.

Al though not al ways nec es sary, un der stand ing the Bi nary Num ber Sys tem may be help ful in

cer tain sit u a tions. A brief over view of bi nary num bers is in cluded in this hand book as well - see

Chap ter 4 - Sys tem Pa ram e ters. 
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Concept of Loops

Loop ing is an other method of mak ing a de ci sion in the macro pro gram flow, also based upon a

spec i fied con di tion. Just like the IF func tion re quires a true/false eval u a tion, looping con di tion

can also re turn only True or False state.

The great est dif fer ence be tween the sin gle con di tion test ing (IF) and loop ing (WHILE) is how

many pro cesses are in volved - one or many.

Sin gle Process

Sin gle pro cess has al ready been cov ered - the IF func tion rep re sents a sin gle pro cess. In or der

to un der stand the con cept of loop ing, it is crit i cal to un der stand the sim ple top-down gen eral pro -

gram pro cess, with out a loop, for any operation. This is the typical pro cess used in stan dard pro -

grams, with no con di tions and no de ci sions. It can be rep re sented as a ge neric step-by-step or derly 

pro ce dure for any op er a tion or ac tiv ity (only a very ge neric model is pre sented here):

1. Start program Initialization - defaults - cancellations - units, ...
2. Input data Tool - spindle - location - clearances, ...
3. Process data Cycles - macros - feedrates - offsets, ...
4. Output result Actual machining - this is the main program objective
5. Stop program Clear conditions, ...

This method will work well on a sin gle data in put (sin gle process), ev ery time. For ex am ple,

the preceding five ge neric steps can rep re sent drill ing of a sin gle hole, at any desired lo ca tion.  

Now re place the ge neric terms with spe cific drill ing op er a tions (all five step num bers match):

1. Start program same as 1. Start program
2. Input XYZ hole location same as 2. Input data
3. Move to the new location same as 3. Process data
4. Drill the hole same as 4. Output results
5. Stop program same as 5. Stop program

Al though only the ba sic drill ing pro cess illustrated, the or derly flow shows a clear con cept of

what is hap pen ing. What is the ac tual re sult of this pro cess? Us ing the hole drill ing as an ex am ple, 

one hole - and only one hole - has been drilled. The sin gle pro cess does not need the IF func tion,

most stan dard pro grams use it daily, how ever in mac ros, the IF func tion rep re sents the sin gle

pro cess, such as a sin gle hole. If more than one hole is needed, the sin gle pro cess is not sufficient.

Mul ti ple Process

In the next stage, the same ex am ple will be ex plored, this time to drill more than a sin gle hole.

The above top-down pro cess is not quite suf fi cient and a dif fer ent tech nique has to be used. Be fore 

think ing of a tech nique, think of a pro cess. What has to change? We do not want to al ways start

and stop af ter drill ing the first hole, do we? We want to in put the next hole lo ca tion (item 2), move 

to that lo ca tion (item 3), drill the hole at that lo ca tion (item 4), and - we want to re peat these three

steps un til all holes are done. Hope fully, the de scrip tion was clear enough, but a graph i cal rep re -

sen ta tion - us ing a sim ple flowchart - shows the com par i son of both meth ods (Fig ure 20).
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 The two com pa ra ble flowcharts in di cate the drill ing pro cess in prin ci ple. How ever, there is a

ma jor and a very se ri ous prob lem with the re peated struc ture. There is no way out! The rep e ti tion

shown at the right side of Fig ure 20 has no pro vi sion to stop the pro cess ing - the loop is not

stopped - it is not con trolled - log i cally, it runs for ever!

It is ex tremely im por tant to pro vide an exit from a loop, when cer tain con di tions are sat is fied,

for ex am ple, when the last hole is drilled. Fail ure to pro vide an ex ist from a loop will cause an

end less or in fi nite loop. In fi nite loops are the most com mon causes of prob lems in macro loops.

Ter mi nat ing a loop is al ways de ter mined by a spe cific con di tion. This con di tion has to be part of

the loop, based on the job re quire ments, with the pro vi sion to branch out of the loop, when the

con di tion be comes false. The re pet i tive flowchart shown in Fig ure 20 has to be mod i fied.

Fig ure 21 shows the fi nal flowchart for the drill ing pro cess, in clud ing the con di tional state ment

and only two pos si ble out comes - drill more holes or stop the pro gram pro cess ing.
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LAST
HOLE
???

YES

NO

STOP

MOVE TO THE LOCATION

DRILL THE HOLE

HOLE DATA

START Figure 21

Flowchart showing a logical
flow of the loop, based on
the result of a conditional
decision

The STOP branch provides
exit from the loop

YES and NO represent
TRUE and FALSE 
conditions respectively

START

STOP

MOVE TO THE LOCATION

HOLE DATA

DRILL THE HOLE DRILL THE HOLE

MOVE TO THE LOCATION

HOLE DATA

START

Figure 20

Flowchart comparison
of a single structure process,
shown at left, and a repeated
structure process at right

Note that the example
as shown at right
represents an endless
or infinite loop - no STOP
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WHILE Loop Structure

In Fanuc type macro pro gram ming, the WHILE func tion is used to pro gram loops. The for mat

of the loop ing func tion WHILE con sists of the func tion, con di tion and ac tion:

  WHILE [condition] DOn  

In a plain lan guage terms, think of the WHILE func tion as the 'as-long-as' func tion. The loop -

ing func tion WHILE [con di tion[ DOn in a Fanuc macro lan guage means 'pro cess the body of 

the loop as long as the spec i fied con di tion is true'. The DOn ac tion es tab lishes the con nec tion with 

the end of the loop, where the n is re placed with a num ber of the match ing ENDn state ment. The

loop is pro grammed with the ENDn func tion that cor re sponds to the DOn call, for ex am ple, DO1

with END1, DO2 with END2, and DO3 with END3. Only three loop depths can be pro grammed.

The three al lowed loop depths - of ten known in pro gram ming as the lev els of nest ing - have

three sim i lar forms:

o Single level nesting

o Double level nesting

o Triple level nesting

As the num ber of nest ing lev els in creases, so does the pro gram ming com plex ity. The ma jor ity

of loops for most macro ap pli ca tions are sin gle level, dou ble lev els are not too un usual ei ther. Tri -

ple level has a lot of power, but it does need a suit able ap pli ca tion to em ploy it.

Single Level Nesting Loop

Pro gram ming only a single WHILE loop func tion be tween the WHILE-DOn loop call and its

matching ENDn, de fines the sin gle level loop. This is the sim plest and most com monly used loop -

ing func tion used in macro pro grams. The sin gle level loop pro cesses and con trols one event at the 

time - Fig ure 22:        
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WHILE [... Condition 1 is true ...] DO1
...
<... Body of a single level loop ...>
...
END1

Start of WHILE loop 1

End of WHILE loop 1

Figure 22

Single level of macro looping - controls one event at the time
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Double Level Loop

Pro gram ming two lev els of WHILE be tween the WHILE-DOn loop and the ENDn de fines the

dou ble level loop - in dents show the pro gram ming struc ture - Fig ure 23:

The dou ble level loop is also quite com mon, be cause it adds more de ci sion mak ing power to the

macro. If prop erly struc tured, it should not pres ent any dif fi cul ties at all. Re mem ber that two

events are con trolled si mul ta neously in a dou ble level loop.

A sin gle level of loop ing should be easy to un der stand. Con tin u ing with the ex am ple of a drilled

hole, the sin gle level macro is suit able to be used when the hole is to be drilled at dif fer ent - but

equally spaced - lo ca tions. A bolt cir cle (ex plained in Chap ter 20) is an ex cel lent ex am ple.

Un der stand ing the dou ble level of loop ing is a bit more dif fi cult. The dou ble level of loop ing is

de fined as con trol ling two events at the same time. For ex am ple, each hole of an equally spaced

pat tern has two in ter nal grooves that share the same XY lo ca tion. Hole lo ca tion macro would be

the first level, and ma chin ing the two grooves would be the sec ond level.

Triple Level Loop

Pro gram ming all three lev els of WHILE within the WHILE-DOn and the ENDn de fines the tri ple 

level loop. The tri ple level loop is much less com mon than the other two, but it does bring even

more de ci sion mak ing power to the mac ros. It is very im por tant that a proper struc ture is used.

With more lev els, the pos si bil ity of a struc tural or log i cal er ror in creases. Also keep in mind that

the con trol soft ware is in ten tion ally de signed to cover more than nec es sary in ev ery day work.

This last type of a loop struc ture con trols three events si mul ta neously  - again, in dents show the

pro gram ming struc ture - Fig ure 24:
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WHILE [... Condition 1 is true ...] DO1
...
<... Body of Loop 1 - Part 1 ...>

WHILE [... Condition 2 is true ...] DO2
...
<... Body of Loop 2 ...>
...
END2

...
<... Body of Loop 1 - Part 2 ...>
...
END1

...

Start of WHILE loop 1

Start of WHILE loop 2

End of WHILE loop 2

End of WHILE loop 1

Figure 23

Double level of macro looping - controls two events at the time
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General Considerations

From the sev eral ex am ples of the WHILE func tion struc ture, its proper us age should be come

much clearer. When the <con di tion> in the WHILE state ment is sat is fied (that means it is true),

the blocks be tween the DOn and the cor re spond ing ENDn are ex e cuted re peat edly, in the or der in

which they are pro grammed. Each new pass through the loop al ways eval u ates the given con di tion 

again and again. When the con di tion fails, that means it is not true any more - it is false, then the

macro flow of the loop is trans ferred to the block im me di ately fol low ing the ENDn state ment. In

some rare cases, the DOn and ENDn can also be used with out the WHILE state ment, but this is def -

i nitely not a rec om mended prac tice or pro fes sional ap proach to programming.

Restrictions of the WHILE Loop

From the pre vi ous ex am ples of a macro loop struc ture, a very de fin i tive pat tern emerges in the

struc tural nest ing of the WHILE func tion. The DOn and the ENDn must al ways be pro grammed in

pairs, work ing from the in ner most loop out wards. De pend ing on the nest ing level (1, 2, or 3), the

cor rect macro pro gram must fol low the pat tern or der. The or der for each nest ing level is shown

here in a sim pli fied form (Sn is the start level num ber, En is the cor re spond ing end level num ber):

S1 .. E1 Single level

S1 .. S2 .. E2 .. E1 Double level

S1 .. S2 .. S3 .. E3 .. E2 .. E1 Triple level
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WHILE [... Condition 1 is true ...] DO1
...
<... Body of Loop 1 - Part 1 ...>
...

WHILE [... Condition 2 is true ...] DO2
...
<... Body of Loop 2 - Part 1 ...>

WHILE [... Condition 3 is true ...] DO3
...
<... Body of Loop 3 ...>
...
END3

...
<... Body of Loop 2 - Part 2 ...>
...
END2

...
<... Body of Loop 1 - Part 2 ...>
...
END1

...

Start of WHILE loop 1

Start of WHILE loop 2

Start of WHILE loop 3

End of WHILE loop 3

End of WHILE loop 2

End of WHILE loop 3

Figure 24

Triple level of macro looping - controls three events at the time
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Each listed digit in di cates the cur rent nest ing level, and the or der of dig its rep re sents the or der

of pro gram flow from one nest ing level to an other and then back. This is the nest ing struc ture as it 

should be. Un for tu nately, mis takes do hap pen, and in macro loop ing, the most com mon mis take

is cross ing the lev els when more than one level is programmed. 

Cross ing the WHILE loop be tween nest ing lev els is not al lowed, for ex am ple, the fol low ing

WHILE struc ture (and struc tures that are sim i lar) is wrong - Fig ure 25:  

Er rors of loop ing, in any num ber of nested lev els, may not al ways be the eas i est ones to find,

par tic u larly in long or com plex mac ros. That is the main rea son why al ways main taining or der

and con sis tency in macro pro gram de vel op ment is so important. For some macro pro gram mers, a

flowchart is a man da tory tool, for oth ers, they can de velop a macro very well with out a flowchart. 

How ever, a well de signed flowchart is im por tant for the be gin ner, as well as for the sea soned pro -

gram mer - it helps to design the macro logic dur ing the de vel op ment stages and re trace the macro

flow at a later date.

Conditional Expressions and Null Variables

Ear lier in this hand book, the im por tant sub ject of re turn val ues of var i ous ex pres sions and cal -

cu la tions was in tro duced - one of the el e ments was a null vari able (an empty vari able or a va cant

vari able). In this sec tion, the same null vari able and its re la tion ship to con di tional ex pres sions will 

be evaluated. Make sure to un der stand this sub ject well, it can help in many trou ble shoot ing sit u a -

tions. Con di tional ex pres sions used with the IF and WHILE func tions (ex plained ear lier) al ways

com pare two val ues, us ing com par i son op er a tors such as EQ, NE, GT, LT, GE, and LE. If a null

vari able is com pared with an other value, the re turn value may be ei ther TRUE or FALSE, de pend -

ing on the ex act sit u a tion. Com paring to a zero value is also shown, for more in-depth ref er ence.
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WHILE [... Condition 1 is true ...] DO1
...
...

WHILE [... Condition 2 is true ...] DO2
...
...
...
END1
...
...
...
END2

...

Start of WHILE loop 1

Start of WHILE loop 2

End of WHILE loop 1

End of WHILE loop 2

Figure 25

Common macro looping error - major structure problem (compare with previous formats)
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A null vari able is dif fer ent than a vari able with a value of zero! As both the IF and the WHILE

func tions share the same logic, only the IF func tion is shown in the fol low ing ex am ples, be cause

the WHILE func tion uses the same for mat:

2 Comparing a null variable to a null variable:

#1 = #0 #1 is defined as null (that means #1 is vacant)

IF[#1 EQ #0] Returns TRUE

IF[#1 NE #0] Returns FALSE

IF[#1 GT #0] Returns FALSE

IF[#1 GE #0] Returns TRUE

IF[#1 LT #0] Returns FALSE

IF[#1 LE #0] Returns TRUE

2 Comparing a zero to a null variable:

#1 = 0 #1 is defined as zero (that means #1 is equal to 0)

IF[#1 EQ #0] Returns FALSE

IF[#1 NE #0] Returns TRUE

IF[#1 GT #0] Returns FALSE

IF[#1 GE #0] Returns TRUE

IF[#1 LT #0] Returns FALSE

IF[#1 LE #0] Returns TRUE

2 Comparing a null variable to a zero:

#1 = #0 #1 is defined as null (that means #1 is vacant)

IF[#1 EQ 0] Returns FALSE

IF[#1 NE 0] Returns TRUE

IF[#1 GT 0] Returns FALSE

IF[#1 GE 0] Returns TRUE

IF[#1 LT 0] Returns FALSE

IF[#1 LE 0] Returns TRUE

2 Comparing a zero to a zero:

#1 = 0 #1 is defined as zero (that means #1 is equal to 0)

IF[#1 EQ 0] Returns TRUE

IF[#1 NE 0] Returns FALSE

IF[#1 GT 0] Returns FALSE

IF[#1 GE 0] Returns TRUE

IF[#1 LT 0] Returns FALSE

IF[#1 LE 0] Returns TRUE
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Formula Based Macro - Sine Curve

When it co mes to ma chin ing unique con tours based on spe cific ma chin ing def i ni tions (typ i cally

math e mat i cal for mu las), most CNC con trols do not of fer di rect support. De vel op ing a con tour

cut ting pro gram for a pa rab ola, hy per bola, el lipse, sine curve, cycloid, and many other curves,

may be not pos si ble in stan dard CNC pro grams, but pres ents no prob lem in mac ros. This sec tion

il lus trates the de vel op ment of a sine curve as the ac tual cut ting toolpath macro example. Since the

con trol sys tem does not di rectly sup port sine curve in ter po la tion (or par a bolic or hy per bolic in ter -

po la tion, etc.), the toolpath will be simulated by many small lin ear mo tions, in G01 mode.

Sine curve is one of sev eral math e mat i cal curves that may come handy in cer tain ap pli ca tions.

Since it is based on a for mula, it be comes a very fit ting sub ject for macro de vel op ment, the main

rea son for us ing this ex am ple. It is a sim ple for mula that will be adapted to gen er ate cut ting tool

mo tion. The Fig ure 26 il lus trates a typ i cal sine curve along with the re lated ter mi nol ogy. The sine

curve is, in ef fect, a flat rep re sen ta tion of a full cir cle, from 0° to 360°. The dis tance be tween the

start and end an gles is called Pe riod. The height of the curve is called Am pli tude and is al ways the

same above and be low the X-axis:
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Sine curve - graphical layout
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In terms of ma chin ing pro grams, only lines or arcs are al lowed, not spe cial curves. Any need to 

ma chine a spe cial curve - such as the sine curve shown in the il lus tra tion - tech nique called ap -

prox i ma tion has to be used to sim u late the curve by a se ries of very short lines. The shorter each

line is, the more ac cu rate the sim u la tion, but at the price of a lon ger stan dard pro gram. Length of

the pro gram is not a con cern in macro, since the loop ing func tion will al ways have the same size.

The first step to take is to define the for mula math e mat i cally. Since it is a trig o no met ric sine

curve, the SIN func tion will be used. Math e mat i cally, the for mula to cal cu late the Y is:

Y Amplitude sinX= ´

In many math books, the sine curve for mula is listed as Y = sinX. This des ig na tion is the same

as Y = 1 ´ sinX, con sid er ing the un spec i fied am pli tude as hav ing the value of 1. Oth er wise, the

am pli tude must al ways be spec i fied. The defined pe riod of the curve has to be seg mented into

small an gle in cre ments for best fit. The first an gle in cre ment will be used to cre ate the first lin ear

mo tion, the sec ond in cre ment will be used to cre ate the sec ond lin ear mo tion, and so on, un til all

360° have been cal cu lated in equal in cre ments. The ma chined re sult is the re quired sine curve.

+ Assignment of variables in the sine curve macro call O8009 is short and simple:

Am pli tude . . .  assigned letter A  (variable #1)
Angular increment . . .  assigned letter I   (variable #4)
Cutting feedrate . . .  assigned letter F  (variable #9)

 The macro call will con tain only three vari ables:

G65 P8009 A120.0 I5.0 F250.0

Note that the cur rent units must be used (met ric shown) and the an gu lar in cre ment must con -

form to the min i mum pro gram ma ble in put of 0.001°. In the ex am ple, the sine curve will be ma -

chined as a lin ear mo tion - a se ries of straight lines in in cre ments of 5°. De crease the in cre ment

for more ac cu racy, in crease the in cre ment for less ac cu racy. Z-axis mo tions must be ap plied in

the main pro gram. The macro will be a sin gle level loop, us ing a coun ter of the cur rent in cre men -

tal de grees com pared with the fi nal an gle, such as the 360° used in the ex am ple:

O8009 (SINE CURVE MACRO)

#25 = 0 Set initial counter for degrees increment

WHILE [#25 LE 360.0] Loop for each linear segment until 360 degrees are machined

#26 = #1 * SIN[#25] Calculate current Y-location

G90 G01 X#25 Y#26 F#9 Make a linear motion to the calculated XY location

#25 = #25+#4 Increase the counter by specified increment

END1 End of loop

M99 End of macro

%

If re quired, the start and fi nal an gles can be also in put as vari ables, if only a por tion of the sine

curve is needed. The sine curve macro can be very eas ily changed into a co sine curve macro, by

shift ing the sine curve 90° to the left, or mov ing the Y-axis 90° to the right.
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Clearing Common Variables

One very use ful and prac ti cal ex am ple of a sim ple WHILE loop is the de vel op ment of a macro

that can be stored in the con trol mem ory per ma nently, to be used by any pro gram or from MDI.

This macro clears the 500+ se ries of com mon vari ables, which can only be cleared by us ing

macro func tions. The CNC op er a tor may clear all the vari ables at the con trol, in MDI mode, one

by one. Much better so lu tion is to have a pro gram handy that cov ers all vari ables in the range, and 

sets them to the null (#0) state in di vid u ally, by a macro loop:

O8010 (CLEAR 500+ VARIABLES - INDIVIDUALLY ONE BY ONE)

#500 = #0 Common variable #500 cleared (set to null)

#501 = #0 Common variable #501 cleared (set to null)

#502 = #0 Common variable #502 cleared (set to null)

#503 = #0 Common variable #503 cleared (set to null)
...

#999 = #0 Common variable #999 cleared (set to null)

Such a pro gram can be quite long and will take un nec es sary mem ory space. Using a loop, the

pro gram will be short ened sig nif i cantly and be more pro fes sional as well:

O8011 (CLEAR 500+ VARIABLES - BY A MACRO LOOP)

#33 = 500 Initialize counter to the first variable (no # symbol !!!)

WHILE[#33 LE 999] DO1 Loop through variables - shown range is #500-#999

#[#33] = #0 Set the current variable number to null (clear current variable)

#33 = #33+1 Update variable number count by one

END1 End of loop - return to the WHILE block and evaluate again

M99 End of macro

%

Vari able #33 is a lo cal vari able and serves as a coun ter. Its ini tial set ting is 500, the first vari -

able of the range to be cleared. The max i mum range is con trolled by the WHILE loop, and the ex -

am ple shows #999 as the last vari able in the range. This num ber should be changed to match the

con trol sys tem. This is also a macro, where the ba sic G65 state ment needs no ar gu ments:

O0019 Main program number

...

G65 P8011 Calls macro O8011 to clear all 500+ variables - no arguments

...

M30 End of main program O0019

% 

The macro O8011 can be very eas ily adapted to learn ing vari ables in the 100+ se ries as well.

Just change the ini tial set ting (#33) and the max i mum rage in the WHILE loop.

Many ex am ples in the hand book use branch ing and loop ing func tions that can be used in ev ery -

day work. The ma jor ity of them con tain com ments and ex pla na tions along with prac ti cal ap pli ca -

tions. Use them as a re source to cre ate unique mac ros that can be used on a daily ba sis.
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ALARMS AND TIMERS

The idea of ac tu ally caus ing an alarm dur ing ma chin ing op er a tions by a CNC pro gram may be a 

bit un com fort able or even pe cu liar to many us ers, re gard less of ex pe ri ence. Yet, cre at ing a spe -

cific con trol sys tem alarm - for a good rea son, of course - is noth ing more than ap ply ing a very

im por tant tool in macro de vel op ment. Even un der nor mal op er at ing con di tions, all con trol sys -

tems au to mat i cally switch to the alarm mode, if a se ri ous and de tect able prob lem oc curs. The key -

word here is 'de tect able'. Cre at ing macro alarms means just add ing cus tom ized alarms to the ones 

al ready in the con trol sys tem.

One ba sic rule ap plies to all custom gen er ated alarms - they should be im ple mented by a macro

pro gram only un der one con di tion - when ever an ad verse sit u a tion is pre dict able. The pur pose of

all alarms is to ter mi nate the cur rent pro gram ac tiv ity and force a change in the cur rent con di tions, 

what ever they may be.

Alarms in Macros

Macro can in clude a pro grammed alarm (also known as an in ten tional er ror con di tion), us ing

the sys tem vari able #3000. The vari able #3000 must be fol lowed by an alarm num ber, with an

op tional mes sage.

Alarm Number

De pending on the con trol system, the alarm num ber can be within a range of:

o 0  to  200 and more for FS-0/16/18/21 controls

o 0  to  999 for FS-10/11/15 controls

The alarm num ber se lec tion is at the pro gram mer’s dis cre tion, sub ject to con trol spec i fi ca tions. 

Alarm Message

Alarm must have a num ber, but the alarm mes sage is op tional. Pro gram ming a de scrip tive mes -

sage will in form the CNC op er a tor about the cause of the alarm. Alarm mes sage must be in the

same block as the alarm num ber, en closed in pa ren the ses, and it can be up to 26 char ac ters long

(31 char ac ters on some con trols), in clud ing spaces. Its con tents should be clear, with out am big u -

ous mean ing. For ex am ple,

(TOOL ERROR) ... is an ambiguous message

(TOOL RADIUS TOO LARGE) ... is a clear message

If the mes sage is pres ent, both the alarm num ber and the mes sage will ap pear on the screen

when the alarm is tripped. If the alarm mes sage is not pres ent, only the alarm num ber will ap pear.
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Alarm Format

The macro O8012 il lus trates the ac tual ap pli ca tion of a macro alarm that checks the in put of an

as signed vari able (i.e., ar gu ment R, as sign ment #18). Macro will check if the in put ra dius is

greater than 2.5 mm:

G65 P9000 R2.5 Macro call with one argument (radius amount)

O8012 Macro start

...

IF[#18 GT 0.25] GOTO1001 Check condition for alarm - true or false ?

... Process all blocks if condition is false

N1001 #3000 = 118 (RADIUS TOO LARGE) Force alarm if condition is true

The se lected alarm num ber and mes sage to the operator is dis played on the screen as ei ther

118 RADIUS TOO LARGE    or     3118 RADIUS TOO LARGE

Slight vari a tions may be ex pected. This is a typ i cal ap pli ca tion of a pro grammed alarm - a con -

trolled gen er a tion of an alarm by a macro, for a pre dict able pos si bil ity of an er ror.

Embedding Alarm in a Macro

Re gard less of which alarm con di tions are used in the macro, the trans fer be tween the pro cessed

and the un pro cessed por tions of the pro gram must be smooth, re gard less of the re turned value

(true or false). For ex am ple, a macro may con tain the fol low ing three alarms (to 'go-to'):

N1001 #3000 = 101 (HOLE SPACING IS TOO SMALL)
N1002 #3000 = 102 (TWO HOLES MINIMUM REQUIRED)
N1003 #3000 = 103 (DECIMAL POINT NOT ALLOWED)

In the macro O8013, these alarms will most likely be lo cated to wards the macro end. How ever,

the macro pro gram that pre cedes the alarms, us ing G65 P8013 H8 I12.0 X75.0 Y100.0

macro call, will have to be pro cessed with out in ter rup tion, if the con di tions are false (that means

run ning good pro gram, with no alarms). For ex am ple, this macro struc ture is NOT cor rect:

O8013 INCORRECT way to program alarms

IF[#4 LE 0] GOTO1001 I=#4 variable stores the hole spacing

IF[#11 LT 2] GOTO1002 H=#11 variable stores the number of holes

IF[#11 NE FUP[#11]] GOTO1003 Check if #11 contains the decimal point

G90 X#24 Y#25 Previously defined tool location XY

< ... macro body processing … >

N1001 #3000 = 101 (HOLE SPACING IS TOO SMALL)
N1002 #3000 = 102 (TWO HOLES MINIMUM REQUIRED)
N1003 #3000 = 103 (DECIMAL POINT NOT ALLOWED)
M99
%
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The G65 block for the above macro con tains all in put cor rectly - 8 holes, 12 mm apart. It means 

all IF tests will be false and the macro will con tinue as in tended. It will con tinue un til it reaches

the first alarm mes sage. At this point the alarm takes over and macro pro cess ing stops. Iron i cally,

if one ar gu ment is in put in cor rectly, the macro will is sue the ap pro pri ate alarm. With all ar gu -

ments be ing cor rect, one alarm will al ways be is sued! That means a flaw less macro will gen er ate

alarm 3101 or 101 (HOLE SPACING IS TOO SMALL), in di cat ing wrong data in put. Noth ing is

wrong with the in put, so what is the rea son? If a branch is based on a cer tain con di tion, the macro

true and false sec tions have to be sep a rated. In the O8013 ex am ple they were not. The alarm mes -

sages were not by passed if all data in put is good. To by pass them, the un con di tional GOTOn func -

tion must be in cluded by it self in a block. The n is the block num ber to branch to. In un con di tional

branch ing, there is no IF, no WHILE - just GOTOn. Pro gram O8014 cor rects the pre vi ous macro:

O8014 CORRECT way to program alarms

IF[#4 LE 0] GOTO1001 I=#4 variable stores the hole spacing

IF[#11 LT 2] GOTO1002 H=#11 variable stores the number of holes

IF[#11 NE FUP[#11]] GOTO1003 Check if #11 contains the decimal point

G90 X#24 Y#25 Previously defined tool location XY

< ... macro body processing … >

GOTO9999 Unconditional bypass added

N1001 #3000 = 101 (HOLE SPACING TOO SMALL)
N1002 #3000 = 102 (TWO HOLES MINIMUM REQUIRED)
N1003 #3000 = 103 (DECIMAL POINT NOT ALLOWED)

N9999 M99 Block number to branch to

%

Com pare the two pre vi ous ver sions (changes are iden ti fied in the O8014 ver sion). The only ad -

di tion that can make the macro even better is the sav ing and sub se quent re stor ing of the cur rent

modal val ues. Such im prove ment has noth ing to do with alarms, and is in cluded here to show the

com plete pro gram seg ment us ing in ten tional alarms. The fol low ing ex am ple shows the sav ing of

the cur rent state of G-codes (Group 3) at the be gin ning of the macro, and re stor ing it at the end:

O8015

#10 = #4003 Current G90 or G91 saved

IF[#4 LE 0] GOTO1001
IF[#11 LT 2] GOTO1002
IF[#11 NE FUP[#11]] GOTO1003
G90 X#24 Y#25

< ... macro body processing … >

GOTO9999 Unconditional bypass of alarm list

N1001 #3000 = 101 (HOLE SPACING TOO SMALL)
N1002 #3000 = 102 (TWO HOLES MINIMUM REQUIRED)
N1003 #3000 = 103 (DECIMAL POINT NOT ALLOWED)

N9999 G#10 Previously saved G90 or G91 restored

M99
%

Many macro pro gram mers do not use alarms at all or use them rather poorly. When writing a

macro, write it first with out the alarms. When ev ery thing works, try to pre dict what type of er rors 

are pos si ble later, when the macro is ac tu ally used. Then add all alarms cov er ing these sit u a tions.
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Resetting an Alarm

When a macro alarm is gen er ated, it will have an ac cu rate resemblance to an alarm gen er ated by 

the con trol sys tem in non-macro applications. Typ i cally, this is the se quence of events:

1. CYCLE START light will be turned off

2. The word ALARM will flash on the screen

3. Alarm number and message (if available) will appear on the screen

At this mo ment, the con trol sys tem has stopped all op er a tions. To get rid of the alarm, press the

RESET key. The source (the cause) of the alarm has to be removed, so make sure all tool po si tions 

are cor rect, then press the CYCLE START key to run the macro again, this time with out an alarm.

Message Variable - Warning, Not an Alarm

The sys tem vari able #3006 is only avail able on FS-10/11/15 con trols - it al lows the pro gram -

mer to is sue a mes sage in the macro, with out cre at ing an alarm con di tion. Think of the mes sage

vari able as means of is su ing a warn ing, rather than an alarm. A mes sage (warn ing) can be used in -

stead of an alarm in sit u a tions that are not wrong, but when the op er a tor should be warned or oth -

er wise in formed of an im por tant issue.

For ex am ple, the fol low ing pro gram uses ar gu ment D (#7) as clear ance amount:

G65 P8016 D1.5 Macro call (D = #7 - is clearance amount)

In the macro body, the sys tem vari able #3006 is pro grammed in a for mat sim i lar to the alarm

vari able, but with a different number:

O8016
...
IF [#7 LT 2.0] GOTO101
...
...
N100 GOTO9999
N101 #3006 = 1 (2 MM MINIMUM CLEARANCE RECOMMENDED)
...
N9999 M99
%

When the pro gram mes sage is ac ti vated, the CYCLE START light of the con trol will be turned

off and the mes sage will ap pear on the screen. When the CNC op er a tor presses the CYCLE START

but ton again, the part pro gram pro cess ing will con tinue. No re set is nec es sary in this case and

there is no need to press the RESET but ton - it will ac tu ally be a coun ter pro duc tive ef fort, as it

would can cel pro gram execution. Watch the flow of the macro here - the pro gram may be con -

structed in such a way that the by pass block may not be needed, even if the con di tion is true.

Use the mes sage vari able spar ingly. This is an ex am ple when the pro gram mer is giv ing up cer -

tain con trol over the pro gram and leaves it in the hands of the CNC ma chine op er a tor.
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Timers in Macros

In the last sec tion of this chap ter, the topic covers strictly pro gram ma ble tim ers, not tim ers re -

lated to hard ware set tings in the ser vice or main te nance sense. There are sev eral sys tem vari ables

avail able on Fanuc con trols re lat ing to timers. Ba si cally, these vari ables cover the in for ma tion

about the date and time, and sev eral other op tions for tim ing var i ous events. 

Time Information

Sys tem vari ables #3001, #3002, #3011, and #3012 re late to the var i ous time data. Time in -

for ma tion may be read as well as writ ten to (Read & Write or R/W).

Variable Number Description

#3001

This is a millisecond timing variable, with
the count of one millisecond at a time. The
counting starts from zero when the power is
turned on, and continues up to 65535.0
milliseconds, then starts from zero again. It
counts all the time.

#3002

This is an hour timing variable, with the
count of one hour at a time. The counting
starts from zero when the cycle start is first
pressed, and continues to the 114534.612
hours, then starts from zero again. Timer is
updated only when the cycle start lamp is
turned in (in cycle start mode only).

#3011

This variable contains the current date, in the 
form of year, month, day (format is
YYYYMMDD). A given date, for example,
December 7, 2005, will be displayed as
20051207.

#3012

This variable indicates current time, in the
form of hours, minutes, seconds (format
HHMMSS). A time, for example, 8:36:17
p.m., will be displayed in a 24-hour format
as 203617.

Timing an Event

An event may be timed us ing ei ther the #3001 or #3002 sys tem vari ables. The fol low ing ex -

am ple does not do very much in prac ti cal terms, but it is de signed in such a way that the ex pected

re sult may be cal cu lated.
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Eval u ate the en closed com ments or try at the control to see how the timer works ex actly:

O8017 (TIMING AN EVENT)
(PART --ONE-- USING #3001)

#3001 = 0 Reset to zero (start counting from zero)

G91 G01 X-100.0 F200.0 Duration of this motion is 30 seconds

X100.0 F400.0 Duration of this motion is 15 seconds

N999 (THIS MUST BE AN EMPTY BLOCK)     An empty block to prevent look-ahead !!!

#101 = #3001 Returns calculation of 45632.000 (milliseconds)

#102 = #3001/1000 Returns calculation of 00045.632 (seconds)

M00 Temporary stop to check variables

(PART --TWO-- USING #3002)

#103 = #3002 Reset to zero (start counting from zero)

G91 G01 X-100.0 F200.0 Duration of this motion is 30 seconds

X100.0 F400.0 Duration of this motion is 15 seconds

N999 (THIS MUST BE AN EMPTY BLOCK)     An empty block to prevent look-ahead !!!

#104 = [#3002-#100]*3600 Returns calculation of 45.631993 (seconds)

M00 Temporary stop to check variables

M30 End of program

%

Note the blocks N999 and the at tached com ment. Since the con trol is in the look-ahead mode, it

cal cu lates the fi nal value pre ma turely. The empty block guar an tees ac cu rate cal cu lated value.

Dwell as a Macro

Al though the dwell func tion G04 can be used much more ef fi ciently in the ma jor ity of pro -

grams, the dwell may also be pro grammed with a macro, us ing the sys tem vari able #3001. For

ex am ple, G04 P5000 (a five sec ond dwell) is equiv a lent to the fol low ing macro (and its call): 

u Macro call:

...

G65 P8018 T5000 T=#20 can be any other local variable (T is in ms)
...

u Macro definition:

O8018 (TIMER AS A DWELL)

#3001 = 0 Set system variable for timer to zero

WHILE[#3001 LE #20] DO1 Loop until #3001 reaches the set delay

END1 Loop end

M99 Macro end

%

Note that even with the WHILE loop in ef fect, there is no need to pro gram a coun ter, since the

sys tem vari able #3001 is al ways count ing.
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AXIS POSITION DATA

Dur ing ma chin ing, the cut ting tool lo ca tion changes con stantly. Look ing at the con trol Po si tion

dis play screen, the cur rent tool lo ca tion can eas ily be viewed at any time. There are sev eral ways

of look ing at the displayed data, for ex am ple, the view may show the cur rent ab so lute po si tion of

the tool (from pro gram zero), or the ma chine po si tion of the tool (from ma chine zero) - they are

just two pos si ble op tions. Con trol sys tem keeps track of all po si tion re lated tool data, called the

axis po si tion in for ma tion. They are de scribed in this chap ter.

Axis Position Terms

Fanuc uses sev eral ab bre vi a tions that ap pear in the ref er ence man ual. They should be fa mil iar

to any macro pro gram mer who works with axis po si tions. They make look a bit in tim i dat ing at

first, but are log i cal and easy to get used to. These are the four variables that re late to the axis po -

si tion information:

2   ABSIO ABSMT   ABSOT    ABSKP  

u ABSIO Programmed endpoint coordinate of the previous block 

#5001 - #5015 for the 1st to 15th axis respectively

u ABSMT Machine position - always current machine coordinates

#5021 - #5035 for the 1st to 15th axis respectively

u ABSOT Absolute position - always current absolute position   

#5041 - #5055 for the 1st to 15th axis respectively

u ABSKP Position stored during a block skip motion in G31 block 

#5061 - #5075 for the 1st to 15th axis respectively

In ad di tion, there are two sets of sys tem vari ables re lat ing to the tool length off set value, and

servo sys tem de vi a tion er ror.

The stored Ma chine and Ab so lute co or di nates are the same as dur ing a reg u lar op er a tion of the

CNC ma chine. In mac ros, it means we can not reg is ter (store) the cur rent axis po si tion value, un til 

the ac tive block has been com pleted. This is very use ful in the block skip mode us ing the G31

com mand for prob ing, but may be un de sir able in many other cases. The sys tem vari able range of

#5001 to #5015 stores the pro grammed end point (XYZ...) of the last block be fore the macro

state ment, even if these co or di nates have not been ac tu ally reached. That al lows for ex e cu tion and 

cal cu la tions to be done be fore the next block. Im proved pro cess ing speed is the re sult.

The G31 skip mo tion com mand is de scribed at the end of Chap ter 23.
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Position Information

Vari ables #5001 to #5115 are read-only vari ables, and can not be writ ten to.

Variable
Number (1)

Position
Information

Coordinate
System

Tool
Offset Value

Read Operation
During Motion

#5001 to #5015

ABSIO

Previous
block
endpoint

Workpiece
offset

(G54+)
Not included Enabled

#5021 to #5035

ABSMT

Current axis
position

Machine
coordinate

system

Included

Disabled
#5041 to #5055

ABSOT

Current axis
position Workpiece

offset
(G54+)#5061 to #5075

ABSKP

Skip signal
position
(2)

Enabled

#5081 to #5095
Current
tool offset value
(3)

Disabled

#5101 to #5115
Amount of
deviated
servo position

( 1 ) Each range of variable numbers is for 1 to 15 axes. The first number is for the
X-axis,

the second number is for the Y-axis, the third number is for the Z-axis, the fourth 
number is for the fourth axis, and so on up to the 15th axis possible. 

( 2 ) During the execution of the G31 skip function, the range of variables #5061 to
#5075

holds the tool position where the skip function is turned on. If the skip function is
not turned on, this range of variables holds the end point of the specified block.

( 3 ) Note that the tool offset value range of #5081 to #5095 represents the current tool
offset value, rather than the last value.

( 4 ) Read operation during a tool movement can be enabled or disabled.
In disabled mode, buffering takes place and the expected values cannot be read.
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AUTO MODE OPERATIONS

Dur ing CNC ma chin ing in AUTO mode, the op er a tor de cides whether and when to use the var i -

ous over rides avail able on the ma chine operation panel. Overrides in clude the Feedrate Over ride,

Feedhold, Spin dle Speed Over ride and Sin gle Block. With the ex cep tion of the Spin dle Speed

Over ride, all other func tions can be con trolled by macro and made ef fec tive or not ef fec tive. In ad -

di tion, the macro can also con trol the Ex act Stop Check mode and some wait code sig nals.

Controlling Automatic Operations

Sys tem vari ables #3003, #3004 and #3005 are used to con trol the state of var i ous au to matic

op er a tions. All these vari ables use a bi nary for mat in dif fer ent com bi na tions (0 or 1 en tries). De -

pend ing on the ac tual ma chin ing re quire ments, these set tings may be changed by a se ries of sys -

tem vari ables. These vari ables are:

    #3003 Control of single block, wait signal for end signal (FIN)

    #3004 Control of feedhold, feedrate override, exact stop check

    #3005 Settings (System Settings)

The de fault set ting for #3003 and #3004 is 0, mean ing that no fea tures are dis abled.

Single Block Control

Sys tem vari able #3003 is used for the au to matic op er a tion con trol of the sin gle block switch.

Sin gle block may not be de sir able in cer tain ma chin ing op er a tions, for ex am ple in thread ing or

tap ping and some spe cial operations.

Vari able #3003 can have four set tings, where the 0 (zero) set ting is the de fault when the ma -

chine and con trol power is turned on (the same as ac tive or en abled):

System Variable
#3003

Single Block
Mode

M-S-T Function
Completion

0 Enabled Waits for completion

1 Disabled Waits for completion

2 Enabled Does not wait for completion

3 Disabled Does not wait for completion
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Sin gle block mode in may be en abled or dis abled us ing this sys tem vari able in a macro. If the

sin gle block is dis abled us ing the vari able #3003, the ma chine con trol panel set ting of the sin gle

block switch has no ef fect on the re sult. The sin gle block op er a tion of the ma chine will be dis abled 

re gard less whether the Sin gle Block switch is turned ON or OFF (OFF po si tion is rec om mended).

Press ing the RESET but ton or Power Off  switch also clears the sys tem vari ables #3003-#3004.

M-S-T Functions Control

An other fea ture of the vari able #3003 deals with the com ple tion of an aux il iary func tion when

used in a sin gle block, par tic u larly the M-codes (mis cel la neous func tions). There are three aux il -

iary func tions avail able on Fanuc CNC sys tems, of ten called the M-S-T or MST func tions:

M
MISCELLANEOUS FUNCTIONS - also known as M-codes (most common)
... programmed with the address M - for example: M08

S
SPINDLE FUNCTIONS - also known as S-codes
... programmed with the address S - for example: S1250

T
TOOL FUNCTIONS - also known as T-codes
... programmed with the address T - for example: T05 for milling or T0202 for turning

2 If the M-S-T completion is set to 'Wait for completion':

The next block of the program will not be executed
until the M-S-T function initiated is completed

2 If the M-S-T completion is set to 'Do not wait for completion':

The next block of the program will be executed
without the wait for the initiated M-S-T function.

For ex am ple, if the sys tem vari able #3003 is set to one (1), that means the sin gle block mode

is dis abled, and the pend ing M-S-T func tions have to be fully com pleted, be fore the next block is

ex e cuted. This is a typ i cal mode of the built-in G81 drill ing cy cle. No ad di tional M-S-T func tion

should be pro grammed un less the pre vi ous block has been com pleted. The vari able #3003 is de -

signed for such sit u a tions. The macro en try is sim ple - note the re quired mode must al ways be

pro grammed in pairs - ON/OFF or OFF/ON. The G81 equiv a lent set ting will be:

O8019

#3003 = 1 Disable single block, wait for M-S-T functions completion

...

   < ... tool motions … >

...

#3003 = 0 Enable single block, wait for M-S-T functions completion

M99

%
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Most CNC lathes may ben e fit from these func tions a lit tle more than ma chin ing cen ters.

Re gard less of the ap pli ca tion (mill ing or turning), an important re minder:

Be careful when activating the state of the M-S-T functions !

Feedhold, Feedrate, and Exact Check Control

Sys tem vari able #3004 is sim i lar to the #3003, but is used for au to matic op er a tion con trol of

the feedhold switch, the feedrate over ride switch, and the ex act stop check con trol. This vari able

can have up to eight set tings, with the 0 (zero) set ting as the de fault for all three func tions, when

the ma chine and con trol power is turned on. Zero set ting means the func tion is ac tive. Press ing

the RESET but ton or Power Off will clear both sys tem vari ables #3004 and #3003.

System Variable
#3004

Feedhold
Feedrate
Override

Exact Stop
Check

0 Enabled Enabled Enabled

1 Disabled Enabled Enabled

2 Enabled Disabled Enabled

3 Disabled Disabled Enabled

4 Enabled Enabled Disabled

5 Disabled Enabled Disabled

6 Enabled Disabled Disabled

7 Disabled Disabled Disabled

   The #3004 vari able con trols three states of op er a tion:

o Feedhold

o Feedrate over ride

o Exact stop check mode

Make sure to un der stand how these op er a tions work be fore attempting to use them in macros.

u Operation State 1 - FEEDHOLD

When the feedhold is dis abled in a macro, us ing the vari able #3004, and the feedhold but ton

on the con trol op er a tion panel is pressed, the ma chine stops in the sin gle block mode. If the sys -

tem vari able #3003 (de scribed ear lier) has dis abled the sin gle block mode, there will be no sin gle 

block mode op er a tion avail able at all.
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u Operation State 2 - FEEDRATE OVERRIDE

When the feedrate over ride is dis abled in a macro, us ing the vari able #3004, all ma chin ing

will be done at 100% feedrate, re gard less of the set ting of the feedrate over ride switch on the op -

er a tion panel. 100% feedrate is de fined as the feedrate value spec i fied in the CNC pro gram or

macro, us ing the F-ad dress and ap plies equally to feedrate per min ute and feedrate per rev o lu tion. 

It works the same for Eng lish and met ric units of feedrate data in put.

u Operation State 3 - EXACT STOP CHECK

When the ex act stop check is dis abled in a macro, us ing the vari able #3004, there will be no

ex act stop check per formed, even in blocks with out a cut ting mo tion. Ex act stop check pro vides

spe cial means to check a tool po si tion with the pro gram commands G09 (non-modal blocks), or

G61 (modal blocks). This state is not avail able on Fanuc 0.

Ex am ple of Spe cial Tap ping Operation

In Chap ter 8 (macro O8004) in tro duced a spe cial tap ping macro (or a tap ping macro as a cy cle). 

Al though cor rect in prin ci ple, it did not pro vide built-in safety fea tures. The macro re quired that

when pro cessed by the con trol sys tem all over rides must be set to 100%. This re quire ment is dif fi -

cult to main tain and se ri ous ma chin ing prob lems could hap pen. Us ing var i ous modes of the vari -

able set tings will dis able the feedhold, the feedrate over ride and the sin gle block modes. If the

ex act stop check should not be dis abled, the macro def i ni tions of the two vari ables will be

#3003=1, and #3004=3. If the ex act stop check should be dis abled, the macro def i ni tions of the 

two vari ables will be #3003=1, and #3004=7. See the above ta ble for de tails.

As sys tem vari ables #3003 and #3004 are of ten used for spe cial cy cles, for ex am ple, a cus -

tom cy cle for tap ping (de scribed later in the hand book). In this macro ex am ple, we want to sim u -

late the ef fect of the G84 fixed cy cle, ex cept the cut ting feedrate on the way in will be 80% of the

given feedrate and on the way out 120% of the given feedrate. The tap ping macro will be called at

the cur rent X and Y tool lo ca tion.

u Macro call (in English units):

First, the G65 block has to be de fined with all re quired ar gu ments and their as sign ments:

G65 P8020 R0.35 Z1.15 S750 T36

+ where …

R = (#18) R-level clearance equivalent
Z = (#26) Z-depth
S = (#19) Spindle speed (r/min)
T = (#20) Number of threads per inch (TPI)

Other ar gu ments could be added, for ex am ple, cal cu la tion of the tap ping depth, au to matic cal -

cu la tion of the top clear ance (known as the R-level in G84 cy cle), etc. For the pur poses of the sub -

ject pre sented, there is no ben e fit in com pli cat ing the macro. Z0 of the part is the top face - note

the pos i tive value of the Z-depth (forced as neg a tive in the macro).
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u Special tapping macro design:

O8020 (SPECIAL TAPPING MACRO)

#3003 = 1 Disable single block setting

G00 Z[ABS[#18]] S#19 M03 Rapid to positive R-level + spindle rotation

#3004 = 7 Disable feedhold, feedrate override, and exact stop check

G01 Z-[ABS[#26]] F[#19/#20*0.8] M05 Feed to depth at 80% of feedrate - stop spindle

Z#18 F[#19/#20*1.2] M04 Feed back to R-level at 120% feedrate - reverse spindle

#3004 = 0 Enable feedhold, feedrate override, and exact stop check

M05 Stop spindle

M03 Restore normal spindle rotation

#3003 = 0 Enable single block setting

M99 End of macro

%

Note that both vari ables #3003 and #3004 are used twice. This is im por tant - if a par tic u lar

state of a set ting is changed for the macro only, it should be changed back, when the macro ex its.

Al though some ma chin ing cen ters do not re quire stop ping the spin dle be tween M03 and M04 or

M04 and M03, it is a safe prac tice to use the M05 in the macro any way - it saves the spin dle.

Systems Settings

Sys tem set tings - rep re sented by the last vari able #3005 in this se ries - re late to the cur rent val -

ues of cer tain ba sic sys tem con fig u ra tions. Sys tem vari able #3005 may not be avail able on Fanuc 

con trols 10/11/15.

Typ i cal sys tem set tings in clude:

o Compatibility between controls (for example FS-15 vs. FS-16/18/21)

o Automatic insertion of block numbers (sequence numbers - using the N-address)

o English or metric input of dimensional values (using G20 and G21 respectively)

o EIA or ISO mode selection for the output code

o TV (Test Vertical) check performed or not performed

- the TV check is only applied to punched tape equipment

Bi nary val ues are au to mat i cally con verted to dec i mal val ues.

Mirror Image Status Check

Mir ror im age is gen er ally a ba sic fea ture of most CNC ma chin ing cen ters and even some CNC

lathes. Its main pur pose is to re verse the di rec tional sign of the spec i fied axis, ei ther the X-axis,

the Y-axis, or both the XY-axes on CNC ma chin ing cen ters, and the X-axis on CNC lathes. In ad -

di tion, the axis re ver sal may cause not only the change in the axis-mo tion di rec tion, but also the

change in the arc di rec tion (CW vs. CCW), and the cut ter ra dius off set. It is the cut ter ra dius off -

set that is most crit i cal, not the other fea tures. Machinability of the part (climb mill ing vs. con ven -

tional mill ing) may also be af fected.
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In the mac ros, the sta tus of the mir ror im age can be mon i tored for each axis individually. This

macro fea ture is called the mir ror im age check sig nal. At any time dur ing the macro pro cess ing,

the macro can in quire as to the sta tus of the cur rent set ting of the mir ror im age. The re sult of the

in quiry is a bi nary value re ceived and con verted into a dec i mal for mat.

On most Fanuc con trols, the sys tem variable that stores the mir ror im age re lated in for ma tion is

#3007 (bit type) - note the de tails of bits eval u a tions:

8th axis 7th axis 6th axis 5th axis 4th axis 3rd axis 2nd axis 1st axis

27 26 25 24 23 22 21 20

128 64 32 16 8 4 2 1

  This typ i cal sta tus shows up to eight axes. In prac tice, how ever, only the first two axes will prob -

a bly used most of ten - the X and the Y axis (com monly the 1st and the 2nd axis) on a CNC ma -

chin ing cen ter. Some older con trols may have fewer than eight axes avail able un der the vari able

#3007.  The first line of the ta ble is the axis de scrip tion, the sec ond line is the axis iden ti fi ca tion - 

the third line con tains the bi nary equiv a lent of each bit (re mem ber - 'bi nary' means ‘based on only 

two se lec tions’, and count ing starts from zero, not from one, to the left).

In each avail able bit, the set ting can be ei ther 0 or 1, de pend ing on whether the mir ror im age is

cur rently dis abled or en abled:

u 0 = Mirror image function for the selected axis is disabled

u 1 = Mirror image function for the selected axis is enabled

Variable #3007 cannot be written to - it is a read-only variable

As usual in this type of vari ables, it is the log i cal sum of the cur rent sta tus (sum of bits) that de -

ter mines the sta tus of all axes, there fore the re turn value of the sys tem vari able #3007. The re -

turn value of vari able #3007 will be the sum of all bits; it is im por tant to know how to in ter pret

this re turned value cor rectly. In ci den tally, this ‘sum of bits’ is quite com mon in pro gram ming,

and re quires at least the ba sic knowl edge of the bi nary num ber sys tem (see Chap ter 4).

Interpreting System Variable #3007

For the ex am ple, the com mon mir ror im age set ting in ma chine shop ap pli ca tions will be used.

This set ting ap plies to the first two axes only (typ i cally the X-axis and the Y-axis) of a typical

CNC ma chin ing cen ter. To find out what the sta tus of the cur rent mir ror im age set ting is, eval u ate 

the fol low ing ex am ple - read ing it twice may help:
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2 Example - #3007 reads 3 - Active mirror image is in the X and Y axes

Why? When the sys tem vari able #3007 is equal to 3 (re turned value is #3007 = 3), the cur -

rently mir rored axes are the first two axes in the chart, the X-axis and the Y-axis. This out come

can only be known by the in ter pre ta tion of the re turned value, stored in sys tem vari able #3007.

To in ter pret the re turned value, step through a small step-by-step pro ce dure. The step one is to

sub tract the larg est bit value pos si ble from the value stored in the #3007 vari able. In this par tic u -

lar case, the larg est bit value that can be sub tracted from 3 is 2. The num ber 2 is de fined as the

Y-axis, so the Y-axis is cur rently mir rored. The step two is to sub tract the new value (cal cu lated

as 2 in the ex am ple) from the value of vari able #3007 (= 3 in the ex am ple):

3 - 2 = 1

Since the re sult ing num ber 1 is re lated to the X-axis, it means the X-axis is mir rored as well.

But -  there still is the step three to do - to see what all other axes are there to cal cu late. Take the

re sult ing num ber that is 1, and sub tract one from it,  1 - 1 = 0, so there are no more axes to con -

sider. In the fi nal eval u a tion, if #3007=3, both axes are mir rored. The same method can be

shown in three sim pli fied steps:

o Given: #3007 = 3 Largest bit value that can be subtracted from 3 is 2

o Step 1     .  .  .  .  .  .  .  .  .  .  . The number 2 is defined as the Y-axis, so Y-axis is mirrored

o Step 2: 3 - 2 = 1 The number 1 is defined as the X-axis, so X-axis is mirrored

o Step 3: 1 - 1 = 0 No other axis is mir rored

2 Example - #3007 reads 2 - Active mirror image is in the Y axis only

In this case, the sys tem vari able #3007 is equal to 2 (re turned value is #3007 = 2), the cur -

rently mir rored axis is the Y-axis. The in ter pre ta tion is the same as be fore:

o Given: #3007 = 2 Largest bit value that can be subtracted from 2 is 2

o Step 1     .  .  .  .  .  .  .  .  .  .  . The number 2 is defined as the Y-axis, so Y-axis is mirrored

o Step 2: 2 - 2 = 0 No other axis is mirrored

2 Example - #3007 reads 1 - Active mirror image is in the X axis

In this last case, the sys tem vari able #3007 is equal to 1 (re turned value is #3007 = 1), the

cur rently mir rored axis is the X-axis. The in ter pre ta tion is the same as be fore:

o Given: #3007 = 1 Largest bit value that can be subtracted from 1 is 1

o Step 1     .  .  .  .  .  .  .  .  .  .  . The number 1 is defined as the X-axis, so X-axis is mirrored

o Step 2 1 - 1 = 0 No other axis is mirrored

If #3007 = 0, there are no axes that are mir rored. From these ex am ples and with a lit tle

knowl edge of bi nary num bers, there should be no prob lem to ‘read’ - to in ter pret - other re turned

val ues of the sys tem vari able #3007.
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Controlling the Number of Machined Parts

There are two more sys tem vari ables that re late to auto mode op er a tion. Two sys tem vari ables,

#3901 and #3902 con trol the count ing of ma chined parts dur ing an au to matic op er a tion.

They are:

#3901 Number of parts completed (machined)

#3902 Number of parts required

Sys tem vari able #3901 is used for the num ber of parts ma chined. The value of this vari able

stores the num ber of com pleted parts.

Sys tem vari able #3902 is used for the num ber of parts re quired. The value of this vari able

stores the num ber of re quired parts (the tar get num ber).

Both vari ables can be used to write to or to read from (read/write type). A neg a tive value should 

not be used with these vari ables in mac ros (con sider us ing the ABS func tion).
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EDITING MACROS

Cus tom macro files are of ten loaded from an ex ter nal com puter to the CNC sys tem mem ory.

Long or com plex mac ros are better ed ited in the com puter file, then re loaded to the con trol sys tem 

later. There are also many cases where this method may not be con ve nient, for ex am ple when the

mac ros are very short or when ed it ing ex ist ing mac ros, al ready loaded in the sys tem. In such

cases, macro state ments can also be in put through the con trol panel key board, right at the CNC

ma chine. There is not much of a dif fer ence in ed it ing mac ros than ed it ing con ven tional CNC pro -

grams - they are ed ited by words; for ex am ple, to change the word X-123.456 to X123.456, the

whole word has to be al tered (ed it ing of in di vid ual char ac ters is not nor mally pos si ble on most

con trols). Macro pro grams are en tered and/or ed ited by spe cial ed it ing units.

Editing Units

A macro that has been stored in the control mem ory can be ed ited by mov ing the cur sor to any

ed it ing unit that starts with the fol low ing char ac ter or sym bol:

u Address (alpha character of a word, for example X, Y, Z)

u Number symbol # at the left side of the = sign

u First character of  IF,  WHILE,  GOTO,  END,  DO,  POPEN,

BPRNT,  DPRNT and PCLOS

u Symbols /, (, =, and ;

Program Comments

In a pro gram, com ments, mes sages and alarm in di ca tors aimed at the ma chine op er a tor, are

placed within the body of the pro gram, us ing pa ren the ses (not brack ets). For ex am ple, a mes sage

to the op er a tor used with the mis cel la neous func tion M00 may read:

N34 M00 (CHECK THE DEPTH OF POCKET)

An ex am ple of a user gen er ated alarm could be

N1001 #3000 = 118 (RADIUS TOO LARGE)

When en ter ing a com ment or a mes sage from the con trol key board, look for two char ac ters.

The con trol-out char ac ter '(' and the con trol-in char ac ter ')' must be avail able on the key board.
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Not all Fanuc mod els have these char ac ters on the keyboard. For ex am ple, some ear lier types

of Fanuc 16 do not have the two char ac ters on the key board, but do have it avail able as a softkey

se lec tion. If the con trol sys tems al lows mes sages of any kind to be used, it may be con ve nient to

type them (with the rest of the pro gram) on an ex ter nal com puter, and load them via a ca ble from

the com puter to the CNC unit. 

Abbreviations of Macro Functions

Many macro func tions are spe cial words (called func tions) of more than two or three char ac -

ters. Dur ing a key board in put of these char ac ters, ex tra time is needed to en ter the whole

multi-character words, of ten with the fre quent use of the Shift key. Fanuc of fers a two-character

short cuts for most of the avail able func tions to speed up the man ual key board in put. This short cut

can be used for in sert ing new words or al ter ing ex ist ing words:

Macro
Function

Editing
Shortcut

Macro
Function

Editing
Shortcut

Macro
Function

Editing
Shortcut

ABS AB BPRNT BP PCLOS PC

ACOS * AC COS CO POPEN PO

ADP * AD DPRNT DP ROUND RO

AND AN END EN SIN SI

ASIN * AS EXP * EX SQRT SQ

ATAN AT FIX FI WHILE WH

BCD BC FUP FU TAN TA

BIN BI GOTO GO XOR XO

The func tions iden ti fied with (*) are not avail able on Fanuc 0/16/18/21 model con trols. An ab -

bre vi ated short cut of the macro func tion will be fully dis played on the con trol screen. The fol low -

ing ex am ples com pare the two meth ods of macro ab bre vi a tions:

o Abbreviated length input example:

WH[AB[#1] LE RO[#2]] Abbreviated input format

o Full length input example - the ab bre vi ated in put above is the same as the full in put be low:

WHILE[ABS[#1] LE ROUND[#2]] Full input format
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PARAMETRIC PROGRAMMING

This chap ter in tro duces the ba sic and the key part of the hand book - it in tro duces var i ous Fanuc

con trol features that re late to prac ti cal uses for mac ros in a typ i cal ma chine shop en vi ron ment. It

also cov ers the ben e fits that can be ex pected. Pre vi ous chap ters have al ready pro vided many nec -

es sary 'tools of the trade'. That does not mean there are no more 'tools' available - on the con trary 

- but enough 'tools' have al ready been pre sented to be able de velop some ac tual mac ros that can

be used on a daily ba sis. Be fore dis cuss ing the ac tual de vel op ment some back ground should help.

What is a Parametric Programming ?

Since the days of lan guage based NC and CNC pro gram ming, para met ric ap proach to pro gram

de vel op ment was pro moted. The re quire ments were quite ex pen sive, be cause the user had to have 

a pow er ful main frame com puter (usu ally leased on a monthly basis) and equally pow er ful soft -

ware. Need less to say, the high cost of own er ship, var i ous line-time fees, and even the rental

costs, were the de ter rent. To day, the only com puter that is needed is the CNC sys tem at the ma -

chine tool, equipped with the rel a tively in ex pen sive Fanuc Cus tom Macro B op tion. Per sonal

com puter or a lap top do help as con ve nience, but are not ab so lutely man da tory.

Para met ric Pro gram ming is also called the Fam ily of Parts Pro gram ming. As the name sug -

gests, a group of sim i lar parts, those be long ing to the same fam ily, can be pro grammed by us ing

vari able - rather than spe cific - di men sional and ma chin ing data. In this type of pro gram ming, de -

ci sions are in cluded in the pro gram, based on the sup plied data, and ad her ing to cer tain con -

straints. Of course, much stron ger pro gram ming tools than those available for stan dard CNC

pro gram ming are re quired. Mac ros pro vide those tools. Para met ric pro gram is al ways a macro,

but a macro does not have to be a para met ric pro gram in the sense of fam ily of sim i lar parts.

The next two chap ters will pro vide de tails about ac tual de vel op ment of mac ros for a fam ily of

sim i lar parts and a fam ily of sim i lar op er a tions.

Variable Data

What data can be of the vari able type? Just about any data in the pro gram can be vari able. Typ i -

cally, ma chin ing con di tions are changed by dif fer ent ma te ri als (soft or hard), types of cut ting tool

ma te rial (HSS or car bide), ma chine tool used (heavy built or light built), di men sional data, sur -

face fin ish re quire ments, tol er ances, and so on. Depth of cut, width of cut, num ber of cuts, spin -

dle speed, feedrate, etc., they also may change, while the fun da men tal fea tures do not.

On a very sim ple level, take a rect an gu lar shape that has to be ma chined to a cer tain length and

width. These two di men sional fea tures are vari able fea tures, if many rect an gles have to be ma -

chined. Mak ing a sep a rate pro gram for each rect an gle draw ing is the tra di tional way. Mak ing one

macro that will do any rect an gle is the most ef fi cient way, the macro way. By sub sti tut ing the

length and width vari ables, the 'new' pro gram can be used. Ben e fits are fast be com ing clear. 
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Ben e fits of Para met ric Pro gram ming

Fast turn around in pro duc tion is the most sig nif i cant ben e fit of fam ily of parts mac ros. More

time is of ten needed to de velop a macro than a stan dard pro gram, but this time is an ex cel lent in -

vest ment, es pe cially if the macro will be used of ten. Know ing the ben e fits para met ric pro gram -

ming of fers, con trib utes to better de ci sion when to de velop a para met ric pro gram and when a

stan dard pro gram is more suit able. Para met ric pro gram ming ben e fits in these im prove ments:

u Overall benefits

o Quick turnaround between parts

o Reduced time for program checking

o Product quality improvement

o Decrease of overall production costs

In di vid u ally, the ben e fits may be fur ther iden ti fied in the pro duc tion and pro gram ming ar eas:

u Benefits in the production area:

o Reduction of scrap parts

o Increased quality of the machined part

o Tooling cost down due to standardized tooling

o Increased productivity of the CNC machine

o Lower maintenance costs

u Benefits in the programming area:

o Drastic reduction is programming time

o Programming errors reduced or eliminated

o Consistency for all similar parts

o Easier workload transition

In or der to ben e fit from the para met ric ap proach to pro gram ming, the first step is to iden tify

suit able parts. Not ev ery pro gram ming job is suit able for the ad di tional in vest ment in time.   

When to Program Parametrically

The sev eral ar eas al ready men tioned are also very im por tant in de ter mi na tion whether the para -

met ric pro gram ming will bring ben e fits or not:

o Large number of parts that are same in shape but different in dimensions

o Large number of parts that are similar in shape

o Parts that repeat fairly frequently

o Parts that contain repetitive tool path

o Various machining patterns

Para met ric of pro gram ming is never a re place ment for other meth ods - it only en hances them.

There could be a sig nif i cant in vest ment in time spent on para met ric macro pro gram de vel op ment.

The re sult ing ben e fits must be tan gi ble and mea sur able, in or der to be eco nom i cally ef fi cient.
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Planned Approach to Macro Development

When it co mes to ac tu ally writ ing a para met ric pro gram, or any other macro, there are many

per sonal pref er ences pro gram mers choose from. Mac ros are usu ally writ ten by ex pe ri enced pro -

gram mers, who have de vel oped a cer tain pro gram ming style al ready. How ever, some tech niques

have proven to work well for most pro gram mers. The first con sid er ation, and the one that is also

the most im por tant, is to have a goal - a pur pose. What ob jec tives the macro should achieve?  

Fol low ing this chapter is a sim ple but quite com pre hen sive prac ti cal ex am ple of a planned ap -

proach to macro de vel op ment for fam ily of parts. The tech niques and con sid er ations from this

sec tion will be ap plied to the prac ti cal ex am ple that fol lows. It is im por tant to un der stand them

well. The pre sented list is a sug ges tion only - its pur pose is to of fer guid ance through all steps of

de vel op ing a suc cess ful macro. The prac ti cal ex am ple will use many of these sug ges tions.

1. FIRST ES TAB LISH THE MAIN OB JEC TIVE

Many pro gram mers can get a lit tle too am bi tious and try to set the ob jec tive too high and want a

sin gle macro to do too much. That could be a very serious mis take. De cide what the macro must

do, eval u ate other pos si bil i ties, dis card what is im prac ti cal and ad here to that ob jec tive. Of ten two 

small mac ros are better than one large macro.

2. PLAN WELL AHEAD

Good plan ning is the key to suc cess. Start with the draw ing first, and for para met ric pro grams,

study sev eral sim i lar draw ings. Iden tify the fea tures that never change, and fea tures that may

change. Do not for get the ma te rial of the part, the setup meth ods, the ma chine used, and the tools. 

Try to pre dict what fea tures may ex ist on sim i lar draw ings in the fu ture. Al ways think ahead, and

eval u ate as many op tions as pos si ble. Ask the right peo ple for an opin ion. Even with a well es tab -

lished ob jec tive, poor plan ning will re sult in a poor macro - establish strict cri te ria.

3. MAKE A GENERIC DRAWING SKETCH

See ing is be liev ing - draw a sche matic sketch that shows all fea tures of the planned macro. Use

de tails if nec es sary, and es tab lish crit i cal lo ca tions, such as the pro gram zero, clear ances, start

point for the tool, off sets, tool change point (if re quired), etc. If the macro re quires the use of a

math e mat i cal for mula, in clude the ge neric for mula in the sketch and test the for mula on all typ i cal 

fea tures. Such a work ing sketch, with or with out cal cu la tions, should al ways be kept up to date

and filed for fu ture ref er ence.

4. DECIDE ON THE TOOLPATH METHOD

De cide on the method of how the tool is go ing to ap proach the ma te rial, cut the ma te rial, and

de part from the ma te rial. Think of the cur rent part as well as the fu ture parts. Can one tool be used 

or more tools are nec es sary? Can the toolpath be uni form? Is the start ing point in a safe lo ca tion?

How about cal cu lat ing the depth, width, stepover amount, num ber of passes, pen e tra tion clear -

ance, rough ing and fin ish ing, and doz ens of other con sid er ations? Col lect all in for ma tion that can

be col lected, in clud ing ma chin ing con di tions such as spin dle speeds and feedrates. Keep in mind

that the more vari able data is in cluded, the more pow er ful the para met ric pro gram or the macro

be comes. On the neg a tive side, it will take lon ger to de velop and ver ify such a pro gram.
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5. IDENTIFY AND ORGANIZE VARIABLE DATA

Once the in for ma tion is col lected, iden tify and or ga nize the data into co her ent units. De cide

what lo cal vari ables will have to be de fined as ar gu ments in the G65 com mand block. Do not in -

clude data that can be cal cu lated. In clude data that can be read from the draw ing, even if they are

not needed di rectly. For ex am ple, macro may need a cir cle ra dius for cal cu la tion, but the draw ing

spec i fies a di am e ter. Rather than ask ing for the ra dius in put as an ar gu ment, sup ply the di am e ter,

then di vide it by two in the macro body. Watch for en tries that re quire dec i mal point and/or neg a -

tive val ues. Use rel e vant and mne monic vari able as sign ments if pos si ble, for ex am ple A (#1) for

an an gle in put, R (#18) for a ra dius in put, and so on. This is not al ways pos si ble, but some are

better than none. Al ways doc u ment the mean ing of all vari ables - easy to for get later!

6. DESIGN THE PROGRAM FLOW

A flowchart def i nitely helps at this stage of macro de vel op ment. Many pro gram mers con sider

the flowchart de vel op ment a man da tory step, even in sist on it. All the pro gram ming aids avail able 

in a macro, such as loop ing, con di tional test ing, branch ing, de ci sion mak ing, etc., can be rep re -

sented graph i cally, in a flowchart. Once the flowchart is de signed, test it sev eral times, us ing dif -

fer ent in put con di tions and de ci sions. The macro should work in all in stances. Do not be afraid to

test seem ingly im pos si ble or im prob a ble con di tions. When the flowchart logic fails and the

flowchart is cor rect, the macro needs to be re de signed and tested again, al ways from scratch!

With more ex pe ri ence, an other way to de sign a smooth pro gram flow is to es tab lish so called

pseudo-code, which is a com mon method by many soft ware pro gram mers. Pseudo-code is a very

tight and de tailed pro ce dure, writ ten in nor mal lan guage, that se quen tially lists ev ery step and all

steps of what has to be done. It is not as con ve nient method as a flowchart, but it does work.

7. DON’T COUNT ON DEFAULTS

In stan dard CNC pro gram ming, many pro gram mers count on the de faults of the con trol sys tem

and do not in clude many pro gram codes, par tic u larly the pre pa ra tory G-codes. For ex am ple, they

count on the de fault units sys tem and do not in clude the G20 or G21 com mands in the pro gram.

The same may ap ply to the G90 or G91 com mands, and a num ber of oth ers. In mac ros, al ways

keep in mind that all de ci sions have to be re flected in the macro - never take any thing for granted,

and never count on sys tem de faults.

8. WRITE THE MACRO PROGRAM

This is the stage that places the macro code on pa per, in the con trol, or in the com puter file. Its

pur pose is to de velop the ac tual pro gram. Data in the flowchart or in the pseudo-code is used, in

the same or der, with the same logic, and con verted into the Fanuc macro code. It is im por tant to

doc u ment ev ery macro - good doc u men ta tion is not enough - only a first class doc u men ta tion will

do. Doc u ment ing the macro is not just aimed at the CNC op er a tor, it is a per ma nent doc u ment

avail able to any pro gram mer who may work with the macro. Pro ce dure that is clear to day will

fade away in a very short time. Doc u men ta tion can be in ter nal, in the form of com ment ing each

block, or ex ter nal, with de scrip tions in plain lan guage. Equally im por tant, ac tu ally very im per a -

tive, is to pre serve all cur rent pro gram set tings be fore a macro is ex e cuted, change the set tings

within the macro as needed, and re store the orig i nal set tings be fore the macro ex ists. This ap -

proach is a sign of pro fes sion al ism and makes a per fect and prac ti cal sense as well.
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FAMILY OF SIMILAR PARTS

The pre vi ous chap ter set the foun da tions of para met ric pro gram ming in gen eral - this chap ter

pres ents a com plete prac ti cal ap pli ca tion - an ac tual macro de vel op ment for a typ i cal fam ily of

sim i lar parts. The next chap ter will build on the same con cept and of fer sam ples of macro de vel -

op ment for a fam ily of sim i lar ma chin ing op er a tions.

Macro Development in Depth - Location Pin

This sec tion may well be one of the most im por tant subjects to study, as it cov ers macro de vel -

op ment in a com pre hen sive man ner. The pro ject in the example is called Lo ca tion Pin, and is de -

signed for a CNC lathe. The logic and pro ce dures pre sented here ap ply to both types of ma chines

equally, as do many macro fea tures. As is stan dard in CNC pro gram ming, the pro vided en gi neer -

ing draw ing forms the first el e ment in the pro cess. In this ex am ple, all parts in the se ries are listed

in a sin gle draw ing, so the draw ing it self is parametric. In other cases, the pro gram mer has to get

the in for ma tion from sev eral in di vid ual draw ings.

Fig ure 27 shows the pin data as sup plied to the pro gram mer. The first step is to study and eval u -

ate the draw ing and in for ma tion pro vided in it.
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23001 44 24 46 3
25002 46 28 48 2
19003 45 21 47 4
16004 40 25 49 3

MATERIAL: 1020 STEEL

Ø50 mm BAR

LOCATION PIN

Figure 27

LOCATION PIN - drawing used to illustrate the development of a typical macro for family of similar parts
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Draw ing Eval u a tion

Even a ca sual look at the draw ing re veals that this is not a sin gle part draw ing. There are four

pins re quired to be ma chined (and pro grammed). All di men sions are given, so is the ma te rial. The 

de signer of this part has cho sen one ge neric draw ing rather than four in di vid ual draw ings. In a

sense, the de signer has ap proached the pro ject as a fam ily of parts - the same what the pro gram -

mer will do. All four pins are sim i lar - they share sev eral char ac ter is tics. In all, there are seven

dimensions spec i fied. Two of these di men sions are fixed, the other five are vari able. All di men -

sions pro vided are cor rect and will make the part as shown. For ex am ple, there will al ways be a

flat shoul der face be tween the two ra di uses. This and sim i lar ob ser va tions are very im por tant to

find out be fore the macro is even started.

Ob jec tive of the Macro

The sin gle most im por tant ob jec tive of the macro is to de sign it in such a way that all four pins

in the se ries (and pos si bly oth ers) can use a sin gle part pro gram - so they can be ma chined just by

chang ing the as sign ments of the G65 ar gu ments (vari ables) in the main pro gram. Be fore the ob -

jec tive can be met, a few tech no log i cal de ci sions have to be made. The first of them is to de cide on 

the part setup and the method of ma chin ing the part.

Part Setup, Tooling and Ma chin ing Method

The way the job is setup has to be con sid ered to gether with the way it will be ma chined. Se lec -

tion of one method of ten in flu ences the other. Ma chin ing method in flu ences the tool ing se lec tion.

The draw ing iden ti fies the ma te rial as mild steel sup plied as a bar of the same di am e ter for all

parts (Æ50 mm). For the pur poses of macro de vel op ment, these con di tions have been es tab lished:

o Part zero at the front of the fin ished face X0 = man da tory cen ter line

o Min i mum face cut (< 0.5 mm) sin gle cut

o Only one tool is used - T1 with wear off set 1 pro gram can eas ily be changed to two tools

o Spin dle speed and feedrates do not change all parts are from the same ma te rial

o G71 and G70 mul ti ple re pet i tive cy cles will be used two block format

o No back op er a tion will be in cluded part-off and sec ond ary operation

o Cool ant will be used

Ev ery setup can be im proved - this is only a sug ges tion and also il lus tra tive method used for the

ex am ple. The pro ject fo cuses on macro de vel op ment only.

The ac tual toolpath can also be de fined in detail:

o Step 1 - Rapid to wards the part for fac ing cut

o Step 2 - Face off the front just be low cen ter line

o Step 3 - Rapid to the start point of the G71 cy cle

o Step 4 - Rough out the shape - leave suitable stock

o Step 5 - Fin ish the shape with G70

In five sim ple steps the ma chin ing is com pleted. Two tools can be used in stead of one and other

changes can be made as well.
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Draw ing Sketch

Even for sim ple parts, a good draw ing sketch helps vi su al ize the toolpath and data as so ci ated

with it, such as clear ances. Fig ure 28 shows the part con tour used for the G71 and G70 cy cles.

Stan dard Program

Se lect one part of the se ries (PIN-001 shown) and make a stan dard pro gram for that part only,

ap ply ing the pre vi ous se lec tions. This is a step that can be avoided with grow ing ex pe ri ence, but

go ing through it pres ents cer tain co her ence to the de vel op ment. Stan dard pro gram for PIN-001 is

listed with rel e vant com ments:

(PIN-001 STANDARD PROGRAM) Standard program for PIN-001 only
(X0Z0 - CENTERLINE AND FRONT FINISHED FACE)
(BAR PROJECTION FROM CHUCK FACE = PART LG + 5 MM)

N1 G21 T0100 Metric units and Tool 1 - no wear offset

N2 G96 S100 M03 CSS at 100 m/min - CW spindle rotation

N3 G00 X53.0 Z0 T0101 M08 Start position for face cut + wear offset + coolant

N4 G01 X-1.8 F0.1 Face just below centerline at 0.1 mm/rev feedrate

N5 G00 Z3.0 Clear-off face - Z-axis only - by 3 mm 'A' for Z

N6 G42 X51.0 X-start for G71 cycle and tool radius offset 'A' for X

N7 G71 U2.5 R1.0 G71 - 2.5 mm cutting depth, 1.0 retract

N8 G71 P9 Q14 U1.5 W0.125 F0.3 G71 - N9 to N14 contour - XZ stock - 0.3 mm/rev

N9 G00 X16.0 Calculated X-diameter for chamfer - '1'

N10 G01 X24.0 Z-1.0 F0.1 Cut front chamfer at 0.1 mm/rev - '2'

N11 Z-23.0 R3.0 F0.15 Cut small dia + inner radius at 0.15 mm/rev - '3'

N12 X46.0 R-2.0 Cut face and outer radius - '4'

N13 Z-47.0 Cut large diameter 3 mm past part length - '5'

N14 X54.0 F0.3 Clear-off stock diameter - X-axis only by 2 mm - '6'

N15 G70 P9 Q14 S125 G70 finish contour at 125 m/min

N16 G00 G40 X100.0 Z50.0 T0100 M09 Rapid to tool change position + cancellations

N17 M01 Program stop (optionally - next tool expected)

Once the stan dard pro gram is es tab lished as cor rect, iden tify all val ues that have to be changed

for any of the three re main ing pins.
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COMMON TOOLPATH FOR
G71 AND G70 CUTTING CYCLES

'A' IS THE P-BLOCK IN THE CYCLE
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Figure 28

Common toolpath for all parts in the family - used by G71 and G70 cutting cycles
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Identify Vari able Data

The pur pose of find ing the data val ues that change from part to part means find ing vari able

data. Data that changes will help es tab lish vari ables for the macro, ei ther as a di rect in put or for

fur ther calculations. In the next list ing, the same stan dard pro gram is pre sented, this time with all

vari able data un der lined:

(PIN-001 STANDARD PROGRAM) VARIABLE DATA IS UNDERLINED
(X0Z0 - CENTERLINE AND FRONT FINISHED FACE)
(BAR PROJECTION FROM CHUCK FACE = PART LG + 5 MM)

N1 G21 T0100 Metric units and Tool 1 - no wear offset

N2 G96 S100 M03 CSS at 100 m/min - CW spindle rotation

N3 G00 X53.0 Z0 T0101 M08 Start position for face cut + wear offset + coolant

N4 G01 X-1.8 F0.1 Face just below centerline at 0.1 mm/rev feedrate

N5 G00 Z3.0 Clear-off face - Z-axis only - by 3 mm

N6 G42 X51.0 X-start for G71 cycle and tool radius offset

N7 G71 U2.5 R1.0 G71 - 2.5 mm cutting depth, 1.0 retract

N8 G71 P9 Q14 U1.5 W0.125 F0.3 G71 - N9 to N14 contour - XZ stock - 0.3 mm/rev

N9 G00 X16.0 Calculated X-diameter for chamfer - '1'

N10 G01 X24.0 Z-1.0 F0.1 Cut front chamfer at 0.1 mm/rev - '2'

N11 Z-23.0 R3.0 F0.15 Cut small dia + inner radius at 0.15 mm/rev - '3'

N12 X46.0 R-2.0 Cut face and outer radius - '4'

N13 Z-47.0 Cut large diameter 3 mm past part length - '5'

N14 X54.0 F0.3 Clear-off stock diameter - X-axis only by 2 mm - '6'

N15 G70 P9 Q14 S125 G70 finish contour at 125 m/min

N16 G00 G40 X100.0 Z50.0 T0100 M09 Rapid to tool change position + cancellations

N17 M01 Program stop (optionally - next tool expected)

This is a sim ple ex am ple - six pro gram en tries have been iden ti fied (un der lined). Study them in -

di vid u ally and very care fully - these val ues will be come vari ables in the macro. Block by block

eval u a tion yields some in sight into the se lected data:

N9 G00 X16.0 Cal cu lated X-di am e ter for cham fer - '1'

Block N9 rep re sents the first point of the con tour '1' (P9 in the cy cle block). It is the X-po si tion

for the cham fer cut ting that fol lows. This di am e ter is not on the draw ing, it has to be cal cu lated,

based on the cham fer size (1 mm at 45°) at the small di am e ter and the cur rent Z-clear ance (3 mm

as per block N5). Work ing with a 45° cham fer is al ways easy and no trig o nom e try is re quired.

The small di am e ter is 24 mm, cham fer is 1 mm, and the Z-clear ance is 3 mm.

To cal cu late the cor re spond ing X-di am e ter is easy - just watch the pro cess carefully and make

sure all val ues are cal cu lated for a di am e ter, not per side (radius):

X = 24 - 2 ´ 1 - 2 ´ 3 = 16 mm = X16.0

This cal cu la tion will be part of the macro, us ing other vari ables, still to be defined.
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N10 G01 X24.0 Z-1.0 F0.1 Cut front cham fer at 0.1 mm/rev - '2'

The smaller of the two di am e ters has two char ac ter is tics - it al ways starts at the end of the 1 mm

cham fer (Z-1.0), and it is al ways de fined di rectly in the draw ing, al though dif fer ent for each part.

As such, it au to mat i cally qual i fies for a vari able def i ni tion (as sign ment). The let ter C in the draw -

ing can also be used in the macro. As sign ment C cor re sponds to the lo cal vari able #3 in the As -

sign ment List 1 (see Chap ter 8).

There fore, the first def i ni tion can be made, with a value as signed to each part:

Part number #3 variable assignment

PIN-001 #3 = 24.0

PIN-002 #3 = 28.0

PIN-003 #3 = 21.0

PIN-004 #3 = 25.0

N11 Z-23.0 R3.0 F0.15 Cut small di a + in ner ra dius at 0.15 mm/rev - '3'

In block N11, there are two vari able data, again, both are di rectly de fined in the draw ing. The

Z-po si tion rep re sents the length of the small di am e ter ('A' di men sion in the draw ing - be tween the 

front face and the shoul der), the R-value rep re sents the in ner fil let ra dius di men sion in the draw -

ing). Vir tu ally all Fanuc lathe con trols sup port au to matic cornerbreak for cham fers or ra di uses

that are formed at 90°, be tween a face and a shoul der or a shoul der and a face, with enough travel

for the break. If the au to matic cornerbreak is not avail able on the con trol sys tem, both start ing and 

end ing points of each arc will have to be cal cu lated. In that case, a cir cu lar in ter po la tion com mand 

G02 or G03 will be used.

Both let ters from the draw ing can also be used as as sign ments - the let ter A cor re sponds to vari -

able #1 and the let ter R cor re sponds to vari able #18, from the As sign ment List 1.

Part number #1 variable assignment #18 variable assignment

PIN-001 #1 = 23.0 #18 = 3.0

PIN-002 #1 = 25.0 #18 = 2.0

PIN-003 #1 = 19.0 #18 = 4.0

PIN-004 #1 = 16.0 #18 = 3.0

Keep in mind that the tool will not cut all the way to the sharp cor ner. The con trol will de tect the 

ra dius and start cut ting at the proper lo ca tion. The same cut ting method ap plies to the outer ra dius.

As the pro gram con tin ues, the fac ing cut fol lows the fil let of the in ner ra dius.
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N12 X46.0 R-2.0 Cut face and outer ra dius - '4'

In block N11, the tran si tion was be tween a di am e ter and a shoul der, us ing the au to matic corner -

break fea ture. Block N12 does ex actly the same from a shoul der to a di am e ter. In this block, the

outer ra dius of 2 mm is com mon to all parts in the se ries, and no vari able is nec es sary. The tar get

for all parts is the large di am e ter, iden ti fied in the draw ing by the let ter D.

Let ter D cor re sponds to vari able #7 in the As sign ment List 1, and an other ta ble can be made:

Part number #7 variable assignment

PIN-001 #7 = 46.0

PIN-002 #7 = 48.0

PIN-003 #7 = 47.0

PIN-004 #7 = 49.0

There is still one more cut left, that will also use a vari able value - the part length B.

N13 Z-47.0 Cut large di am e ter 3 mm past part length - '5'

The ta ble of the four parts spec i fi ca tions lists the let ter B as the over all length of the part, that is

the fin ished length when all op er a tions are com pleted.

The let ter B can also be used as a vari able as sign ment (#2) and will be as signed the de fined

length of the pin, as per draw ing:

Part number #2 variable assignment

PIN-001 #2 = 44.0

PIN-002 #2 = 46.0

PIN-003 #2 = 45.0

PIN-004 #2 = 40.0

So far, all as sign ments matched the re quired draw ing di men sions. In this case, that is not so.

The PIN-001 ex am ple shows the Z-po si tion in block N13 as Z-47.0, not as Z-44.0. The 3 mm dif -

fer ence is in ten tional - it pro vides a ma chined di am e ter for the sub se quent part-off tool, to al low

for a smooth en try of the part-off tool into the ma te rial. It may also in clude ex tra clear ance for any 

sec ond ary op er a tion that will fol low. This fixed amount of 3 mm has to be ac counted for - some -

where in the pro gram. That bring out a few ques tions:

Ques tion 1 - should the vari able #2 be changed by 3 mm? Ques tion 2 - should the 3 mm be a

new vari able? Ques tion 3 - should the 3 mm be part of the macro? Each of the three ques tions can

be an swered yes, but only one an swer can be used, only one decision.
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As part of the macro de vel op ment, this ques tion rep re sents may pos si bil i ties that will arise.

Each ques tion is equally im por tant and de serves to be eval u ated on its own:

u Question 1 - Should the vari able #2 be changed by 3 mm?

Def i nitely NOT! This is a very poor prac tice. Yes, it would work, but ex pe ri enced pro gram mers 

con sider this type of in put 'con tam i nated' or 'tar nished'. Any as sign ment that can not be traced to

some spe cific def i ni tion is not a good as sign ment. See ing the #2 de fined as B-47.0 or B47.0 (for

ex am ple) does not pro vide the tie needed to the part draw ing. In fact, it may be con fus ing, if the

ac tual length of an other part is true 47 mm. Stay away from this type of vari able as sign ment.   

u Ques tion 2 - Should the 3 mm be a new vari able?

Pos si bly. It de pends whether the ex tra length pro vi sion for the part-off tool will change from

one part to an other. This can hap pen, for ex am ple, if the part-off tool that fol lows has a dif fer ent

in sert width se lected for each job or an ad di tional fac ing clear ance will be re quired for the sec ond -

ary op er a tion (not part of this ex am ple).

u Ques tion 3 - Should the 3 mm be part of the macro?

If the an swer to Ques tion 2 is pos i tive, the an swer to Ques tion 3 must be neg a tive - and vice

versa. There is no other op tion.

For the four pins ex am ple, there is no rea son to change the 3 mm ex tended length from one part

to an other, so the an swer is NO to Ques tion 2 and YES to Ques tion 3. The 3 mm tool travel ex ten -

sion will be in cor po rated in the macro as a fixed value. Of course, it can be any other rea son able

length of the ex tra mo tion, but al ways con sider its im pact on the part setup.

Creating Arguments

Once each vari able has been as signed and re lated de ci sions have been made, it is a good time to

put all in for ma tion into one place - to cre ate macro ar gu ments for the G65 macro call. The fol low -

ing ta ble sums up the ar gu ments and vari able as sign ments for all four parts - see Fig ure 29.

Part
number

Dimension
A

Dimension
B

Dimension
C

Dimension
D

Dimension
R

A = #1 B = #2 C = #3 D = #7 R = #18

PIN-001 A23.0 B44.0 C24.0 D46.0 R3.0

PIN-002 A25.0 B46.0 C28.0 D48.0 R2.0

PIN-003 A19.0 B45.0 C21.0 D47.0 R4.0

PIN-004 A16.0 B40.0 C25.0 D49.0 R3.0

Note that the se lected ar gu ments do not al ways have to match the di men sions of the para met ric

draw ing. Any le git i mate ar gu ments can be used, as long as it be longs to the As sign ment List 1. 
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Using Variables

Once the ar gu ments have been de fined, the macro can be de vel oped, us ing the Fig ure 29 as a

ref er ence. The struc ture of the macro must be such that it cov ers each part of the fam ily. In its

first ver sion, the pro gram will take on many macro char ac ter is tics. The un der lined words that

need no cal cu la tion will be changed into vari ables and those that do need cal cu la tion will cre ate a

com pos ite vari able en try.

All words af fected by the change are still un der lined for em pha sis:

(PIN-XXX MACRO PROGRAM) VARIABLE DATA IS UNDERLINED - PART 1
(X0Z0 - CENTERLINE AND FRONT FINISHED FACE)
(BAR PROJECTION FROM CHUCK FACE = PART LG + 5 MM)

N1 G21 T0100 Metric units and Tool 1 - no wear offset

N2 G96 S100 M03 CSS at 100 m/min - CW spindle rotation

N3 G00 X53.0 Z0 T0101 M08 Start position for face cut + wear offset + coolant

N4 G01 X-1.8 F0.1 Face just below centerline at 0.1 mm/rev feedrate

N5 G00 Z3.0 Clear-off face - Z-axis only - by 3 mm

N6 G42 X51.0 X-start for G71 cycle and tool radius offset

N7 G71 U2.5 R1.0 G71 - 2.5 mm cutting depth, 1.0 retract

N8 G71 P9 Q14 U1.5 W0.125 F0.3 G71 - N9 to N14 contour - XZ stock - 0.3 mm/rev

N9 G00 X[#3-2*1-2*3] Calculated X-diameter for chamfer - '1'

N10 G01 X#3 Z-1.0 F0.1 Cut front chamfer at 0.1 mm/rev - '2'

N11 Z-#1 R#18 F0.15 Cut small dia + inner radius at 0.15 mm/rev - '3'

N12 X#7 R-2.0 Cut face and outer radius - '4'

N13 Z-[#2+3.0] Cut large diameter 3 mm past part length - '5'

N14 X54.0 F0.3 Clear-off stock dia - X-axis only - by 2 mm - '6'

N15 G70 P9 Q14 S125 G70 finish contour at 125 m/min

N16 G00 G40 X100.0 Z50.0 T0100 M09 Rapid to tool change position + cancellations

N17 M01 Program stop (optionally - next tool expected)
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Block N9 is a com pos ite vari able en try - it con tains a cal cu la tion. A sep a rate vari able can be de -

fined in ter nally in the macro or the def i ni tion can be em bed ded into the tool mo tion ad dress, cre at -

ing a com pos ite vari able en try (as shown). Any vari able de fined as an as sign ment takes away

mem ory space of the con trol sys tem, whereby a com pos ite cal cu la tion does not. An in ter nal cal cu -

la tion will be pro vided in this case - PIN-001 shown:

X = #3 - 2 ´ cham fer size - 2 ´ Z-clear ance = #3 - 2 ´ 1 - 2 ´ 3 = 24 - 2 - 6 = 16 = X16.0

Fig ure 30 il lus trates the cal cu la tion of the X-di am e ter in block N9 (P-ad dress in the G71/G70

cy cle) - al ready shown in the over all il lus tra tion (Fig ure 29) on the pre vi ous page.

Block N9 can now be writ ten in a vari able for mat (com mon cal cu la tion):

N9 G00 X[#3-2*1-2*3] Cal cu lated X-di am e ter for cham fer (vari able)

Sim i lar to N9 block cal cu la tion, but much sim pler, block N13 (not shown) rep re sents the ex -

tended tool mo tion by 3 mm along the Z-axis - note how the 3 mm dis tance has also been in cor po -

rated into the mo tion, along with the vari able #2: N13 Z-[#2+3.0]. As in block N9, if the

arith me tic or sim i lar ex pres sion is en closed in square brack ets, the con trol sys tem will cal cu late

the com bined re turn value first, then acts upon it - no sep a rate vari able def i ni tion is needed.    

Writ ing the Macro

The fi nal step is to take the stan dard pro gram with macro fea tures and turn it into a real macro.

Mac ros should only in clude pro gram blocks that change from one job to an other (within the same

fam ily). In our case of the four pins, the rough ing cy cle (and its data) is the only area of the pro -

gram that changes - the macro will only con tain the G71 rough turn ing cy cle, cur rently rep re -

sented by blocks N7 to N14 and the G70 fin ish turn ing cy cle, cur rently rep re sented by the block

N15 in the pre vi ous ex am ples. Al though only the ac tual con tour changes, it is better to in clude

both G71 and G70 cy cles for eas ier ori en ta tion.

In or der to write the macro, the last ex am ple pre sented has to be split into two sec tions:

o Sec tion 1 - will in clude the main pro gram with the G65 macro call and ar gu ments

o Sec tion 2 - will use the G71 and G70 machining cy cles to cut the de fined toolpath
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Note the change in block num bers in the following programs:

(PIN-001 - MAIN PROGRAM)

(X0Z0 - CENTERLINE AND FRONT FINISHED FACE)
(BAR PROJECTION FROM CHUCK FACE = PART LG + 5 MM)

N1 G21 T0100 Metric units and Tool 1 - no wear offset

N2 G96 S100 M03 CSS at 100 m/min - CW spindle rotation

N3 G00 X53.0 Z0 T0101 M08 Start position for face cut + wear offset + coolant

N4 G01 X-1.8 F0.1 Face just below centerline at 0.1 mm/rev feedrate

N5 G00 Z3.0 Clear-off face - Z-axis only - by 3 mm

N6 G42 X51.0 X-start for G71 cycle and tool radius offset
N7 G65 P8021 A23.0 B44.0 C24.0 D46.0 R3.0 (PIN-001 MACRO ARGUMENTS)

N8 G00 G40 X100.0 Z50.0 T0100 M09 Rapid to tool change position + cancellations

N9 M01 Program stop (optionally - next tool expected)

... Other tool(-s) may follow

O8021 (PIN-XXX MACRO PROGRAM) Four pins in the family are covered by this macro

N101 G71 U2.5 R1.0 G71 - 2.5 mm cutting depth, 1.0 retract

N102 G71 P103 Q108 U1.5 W0.125 F0.3 G71 - N103 to N108 contour - XZ stock - 0.3 mm/rev

N103 G00 X[#3-2*1-2*3] Calculated X-diameter for chamfer - 'A'

N104 G01 X#3 Z-1.0 F0.1 Cut front chamfer at 0.1 mm/rev - 'B'

N105 Z-#1 R#18 F0.15 Cut small dia + inner radius at 0.15 mm/rev - 'C'

N106 X#7 R-2.0 Cut face and outer radius - 'D'

N107 Z-[#2+3.0] Cut large diameter 3 mm past part length - 'E'

N108 X54.0 F0.3 Clear-off stock dia - X-axis only - by 2 mm - 'F'

N109 G70 P103 Q108 S125 G70 finish contour at 125 m/min

N110 M99 End of macro
%

Any le git i mate block num bers are al lowed, as long as there are no du pli cates in the same pro -

gram (subprograms and mac ros in cluded). Keep in mind that the P and Q ad dresses in the cy cles

in di cate block num bers ac tu ally used in the con tour pro gram.

Final Version

The pur pose of this pre sen ta tion was to de velop a ba sic macro pro gram for a fam ily of sim i lar

parts. With out a doubt, many ad di tions to the macro can eas ily be made, de pend ing on the ex act

na ture of the ex ist ing job. Tol er ances and sur face fin ish may play a great role in the pro gram de -

vel op ment, as may some spe cific re quests by the cus tomer. These are all easy to im ple ment. The

main objective was to in tro duce a skilled CNC pro gram mer into the world of mac ros.

One sig nif i cant change that can be made - and it can also show how flex i ble mac ros are - is to

make it eas ier to change ma chin ing from one part to an other.

In the macro O8021, the only way to change the as sign ments of vari ables for dif fer ent pins is in

the block N7 - the G65 block. This is quite a com mon method, but not the best method. Much

better method is to in clude all four def i ni tions into a sin gle main pro gram, and change just one

vari able num ber (at the pro gram top) to se lect the re quired part (pin type). This ob jec tive is easy

to achieve by in clud ing the four def i ni tions along with the IF func tion in the main pro gram:
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(PIN-001 TO PIN-004 SERIES - MAIN PROGRAM - MASTER)

(X0Z0 - CENTERLINE AND FRONT FINISHED FACE)
(BAR PROJECTION FROM CHUCK FACE = PART LG + 5 MM)
(-----------------------------------------------------------------------)

N1 #33 = 1 PART SELECT: 1=001  2=002  3=003  4=004

(-----------------------------------------------------------------------)

N2 #30 = #4006 Save current units of dimensioning (G20 or G21)

N3 IF [#33 GT 4] GOTO991 ERROR (alarm) if part number is greater than 004

N4 IF [#33 LT 1] GOTO992 ERROR (alarm) if part number is less than 001

N5 G21 T0100 Metric units and Tool 1 - no wear offset

N6 G96 S100 M03 CSS at 100 m/min - CW spindle rotation

N7 G00 X53.0 Z0 T0101 M08 Start position for face cut + wear offset + coolant

N8 G01 X-1.8 F0.1 Face just below centerline at 0.1 mm/rev feedrate

N9 G00 Z3.0 Clear-off face - Z-axis only - by 3 mm

N10 G42 X51.0 X-start for G71 cycle and tool radius offset

N11 IF [#33 EQ 1] GOTO15 #33 = 1 ... selects PIN-001

N12 IF [#33 EQ 2] GOTO17 #33 = 2 ... selects PIN-002

N13 IF [#33 EQ 3] GOTO19 #33 = 3 ... selects PIN-003

N14 IF [#33 EQ 4] GOTO21 #33 = 4 ... selects PIN-004

N15 G65 P8021 A23.0 B44.0 C24.0 D46.0 R3.0 (PIN-001 MACRO ARGUMENTS)

N16 GOTO22 Bypass next three macro calls
N17 G65 P8021 A25.0 B46.0 C28.0 D48.0 R2.0 (PIN-002 MACRO ARGUMENTS)

N18 GOTO22 Bypass next two macro calls

N19 G65 P8021 A19.0 B45.0 C21.0 D47.0 R4.0 (PIN-003 MACRO ARGUMENTS)

N20 GOTO22 Bypass next macro calls
N21 G65 P8021 A16.0 B40.0 C25.0 D49.0 R3.0 (PIN-004 MACRO ARGUMENTS)

N22 G00 G40 X100.0 Z50.0 T0100 M09 Rapid to tool change position + cancellations

N23 GOTO998 Bypass error messages if all OK
(-----------------------------------------------------------------------)
N991 #3000 = 991 (PART NUMBER TOO LARGE)
N992 #3000 = 992 (PART NUMBER TOO SMALL)

N998 G#30 Restore previous units of dimensioning (G20 or G21)

N999 M01 Program stop (optionally - next tool expected) 

... Other tool(-s) may follow

O8021 (PIN-XXX MACRO PROGRAM) Four pins in the family are covered by this macro

N101 G71 U2.5 R1.0 G71 - 2.5 mm cutting depth, 1.0 retract

N102 G71 P103 Q108 U1.5 W0.125 F0.3 G71 - N103 to N108 contour - XZ stock - 0.3 mm/rev

N103 G00 X[#3-2*1-2*3] Calculated X-diameter for chamfer - 'A'

N104 G01 X#3 Z-1.0 F0.1 Cut front chamfer at 0.1 mm/rev - 'B'

N105 Z-#1 R#18 F0.15 Cut small dia + inner radius at 0.15 mm/rev - 'C'

N106 X#7 R-2.0 Cut face and outer radius - 'D'

N107 Z-[#2+3.0] Cut large diameter 3 mm past part length - 'E'

N108 X54.0 F0.3 Clear-off stock dia - X-axis only - by 2 mm - 'F'

N109 G70 P103 Q108 S125 G70 finish contour at 125 m/min

N110 M99 End of macro
%

The def i ni tion of vari able #33 has been vi su ally enhanced to show the block where the se lec tion 

of the ac tive part will take place.
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Macro Improvements

Ev ery macro can al ways use some ad di tional im prove ments and changes that make it stron ger

and more reliable. Some changes could be con sid ered stan dard, oth ers de pend largely on the ac -

tual job. The macro de vel op ment pre sented in this chap ter is a thor ough dem on stra tion of macro

de vel op ment and pres ents a good over all look. It does not pre tend to be the best ex am ple or even

the only ex am ple possible. Feel free to change the macro to any unique con di tions.

What pos si ble im prove ments could be added to this or any macro? Not nec es sar ily ap pli ca ble to 

the macro just dem on strated, here is a sum mary of typ i cal macro fea tures that should help in the

development:

1. Safety con sid er ations

2. Care ful se lec tion of vari able as sign ments

3. In ter nal cal cu la tions rather than def i ni tions

4. In cluded messages and alarms

5. Qual ity documentation

One rule of com puter pro gram ming for any application, is that the first and main ob jec tive is to

de velop the ba sic pro gram core. Achieve the goal in as short code as pos si ble. For get the 'bells

and whis tles', for get the 'beau ti fi ca tion' of the pro gram. All that can - and should - be added only

af ter the main ob jec tive has been met. What is the point of mak ing a bad pro gram look good?  
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MACROS FOR MACHINING

Mac ros can be used for many dif fer ent pur poses. The previous chap ter cov ered the topic of

macro de vel op ment for a fam ily of sim i lar parts. The current chap ter ex tends the sub ject and

covers a de vel op ment of var i ous mac ros for gen eral ma chin ing op er a tions rather than a fam ily of

parts. Re pet i tive and pre dict able ma chin ing op er a tions are one of the most com mon ap pli ca tions

of a para met ric pro gram. All para met ric mac ros pro vided in this chapter have many more ad di -

tional fea tures than the sim i lar ones of ten found on var i ous web sites or internet fo rums.

Study ALL mac ros pro vided in this chap ter - each ex am ple pres ents a new tech nique that can be 

used in pro gram ming of other mac ros. Us ing a spe cific tech nique used in one macro and adapt ing 

it to an other macro will in crease the macro use ful ness and flex i bil ity. 

There are vir tu ally lim it less pos si bil i ties for macro ap pli ca tions as para met ric pro grams and

only a small se lec tion is of fered here. The pur pose of these ex am ples is to show ac tual sam ples of

a macro code for several very use ful types of ma chin ing. Study the logic of each macro for the

pro gram ming tech niques used and fol low the com plete de sign. The ex pla na tions with each ex am -

ple will serve as a guide to a macro de vel op ment, re gard less of the fi nal goal.

All mac ros are pro vided for train ing purposes only with no guarantees !

Angular Hole Pattern - Version 1

One of the most com mon ap pli ca tions - and one of the sim plest - is a lin ear pat ter of holes, with

an equal dis tance be tween holes. The objective of this para met ric macro is to cre ate a toolpath for

any drill ing op er a tions ap plied to a pat tern of holes ar ranged in a line. The draw ing in Fig ure 31 is 

an ex am ple of this type of pat tern. Pro gram zero is at lower left cor ner and top of the part.
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Material: Aluminum plate 100 x 75 x 12 mm

Figure 31

Drawing example of a typical
angular hole pattern - version 1

In this application, the coordinates
for the first hole are given, along
with the pattern angle
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When con sid ered with sim i lar draw ings, this ex am ple pro vides all data needed to set up macro

frame work. It covers the con di tions and re stric tions, in which the macro ap pli ca tion will be valid.

For the ed u ca tional pur poses, this first ap pli ca tion will be rel a tively sim ple (but def i nitely use ful).

Many pro gram ming tech niques used in this macro will re peat in sub se quent ex am ples, with added 

fea tures. First, eval u ate the var i ous self-imposed con di tions and con strains to wards the set goal:

o All holes are spaced equally within the pattern EQSP holes

o Any number of holes is acceptable  - minimum of two holes within machine capabilities

o The distance between the holes must be known pitch of holes

o Any pitch between holes is acceptable within machine capabilities

o The location of the first hole must be known as XY coordinates

o Any angle between the first hole and the last hole must be known establishes direction

Once the con di tions have been es tab lished and ap plied to an example, like the one in Fig ure 31,

the most im por tant first step has been com pleted. When eval u at ing a single draw ing, al ways think

of all other pos si bil i ties that may ex ist in sim i lar drawings. For ex am ple, is the pat tern of holes

hor i zon tal or ver ti cal, is it ro tated in the op po site di rec tion, should the macro still be able to han -

dle this pat tern? Logically, there is no fun da men tal dif fer ence be tween one ori en ta tion and an -

other. Al ways con sider all features, in clud ing the an gle, even if the an gle is zero. Zero de gree

an gle will de fine the hor i zon tal ori en ta tion to the right of the first hole (east direction). A one-hun -

dred-eighty degree an gle de fines the hor i zon tal ori en ta tion to the left of the first hole (west di rec -

tion). In the macro, the de fined an gle con trols the ori en ta tion of the lin ear hole pat tern. Based on

all these con sid er ations, in clud ing the self-imposed re stric tions and other de ci sions, a com mon

macro spe cific draw ing will be necessary, ap pli ca ble to all sim i lar pat terns - Fig ure 32: 
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DescriptionVAR #

11H Number of EQSP holes

Spacing between holes17Q

Angular direction of cutting1A

Angular hole pattern macro - Version 1

H (#11)

Start hole XY location
called in the main program

A (#1)

Q (#7)

G65 P8101 H- Q- A-

MACRO O8101

Figure 32

Variable data for angular pattern of holes - Version 1 - Macro O8101
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Variable Data for Angular Hole Pattern

From the given con di tions, it is easy to es tab lish the re quired vari able data and de fine the con ve -

nient ar gu ment as sign ments for them, as shown in Fig ure 32. For rea sons of sim plic ity in this first 

macro, the ab so lute XY lo ca tion of the start hole has been left out. In the ex am ples that fol low,

such a lo ca tion will also be part of the macro, if re quired.

o Number of EQSP holes . . .    assigned letter H  (variable assignment #11)

o Spacing between the holes (pitch) . . .    assigned letter Q  (variable assignment #17)

o Angular direction of cutting . . .    assigned letter A  (variable assignment #1)

In the main pro gram, the pro cess flow will be very sim i lar to any stan dard pro gram that calls a

subprogram. A fixed cy cle will be used to drill the first hole at its ab so lute lo ca tion, change to in -

cre men tal mode and re peat the cy cle for all re main ing holes.

O0021 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X13.0 Y10.0 S800 M03 First motion block with spindle speed

N3 G43 Z25.0 H01 M08 Tool length offset with clearance above

N4 G99 G81 R2.5 Z-14.7 F150.0 Hole #1 machined at current location

N5 G65 P8101 A35.0 H9 Q11.5 Macro call with assignments

N6 G90 G80 Z25.0 M09 Retract above work

N7 G28 Z25.0 M05 Return to machine zero

N8 M01 End of current tool

O8101 (ANGULAR HOLE PATTERN MACRO - VERSION 1)

#11 = #11-1 Change number of holes to number of spaces

#24 = #17*COS[#1] Calculation of the X-increment

#25 = #17*SIN[#1] Calculation of the Y-increment

G91 X#24 Y#25 L#11 Increment L-times (K-times for Fanuc 16/18/21)

M99 End of macro

%

The macro oc cu pies two vari ables un de fined in the macro call (#24 and #25). Al though cor -

rect, any stor age of val ues into sep a rate vari ables takes away mem ory re sources. There is no need 

to de fine sep a rate vari ables, be cause the cal cu la tion they pro vide will be used only once. As a

better vari a tion of the O8101 macro - with out the two vari ables, con sider this method:

O8101 (ANGULAR HOLE PATTERN MACRO - VERSION 1)

#11 = #11-1 Change number of holes to number of spaces

G91 X[#17*COS[#1]] Y[#17*SIN[#1]] L#11 New location and increment (L or K)

M99 End of macro

%

That con cludes the de vel op ment of a sim ple, yet quite ver sa tile, first macro ap pli ca tion for ma -

chin ing op er a tions. With this macro, any row of equally spaced holes with a given an gle can be

pro grammed very eas ily into any di rec tion, based on the given first hole lo ca tion and the an gle

def i ni tion (mea sured from zero de grees). Many im prove ments can be added to this macro, as al -

ready shown be fore, and as also shown in the sev eral mac ros that fol low.
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Angular Hole Pattern - Version 2

Just be cause the word 'an gle' ap pears in the def i ni tion, it does not mean the ac tual an gle is al -

ways de fined in the draw ing. In fact, there is an other com mon method of dimensioning an an gu lar 

hole pat tern. Rather than us ing the co or di nates of the first hole and a spec i fied an gle, it uses co or -

di nates for the first hole and the dis tance between the first and the last holes in the pattern, with no

an gle def i ni tion. Even if the draw ing shows the ab so lute co or di nates of the sec ond hole, it is easy

to find the dis tance be tween holes. Which draft ing method is used de pends on the en gi neer ing in -

tent - what is the pur pose of the de sign. Of course, any skilled CNC pro gram mer can change one

method to the other, but there is al ways a risk of some round ing er ror that could be sig nif i cant.

The so lu tion? An other macro. The typ i cal part ex am ple draw ing is shown in Fig ure 33.

When de vel op ing mac ros where the dif fer ences are small, as in these ex am ples, it is a good idea 

to main tain as many vari able as sign ments as pos si ble. For ex am ple, the num ber of holes can still

use the H as sign ment (#11). 

Note the dif fer ence in draw ing data be tween Ver sion 1 and Ver sion 2 - there are two dis tances

but no an gle or space be tween holes. The pro vided data must be part of the vari able as sign ments,

but the spac ing be tween holes will be cal cu lated in side the macro. In this ver sion, the lo ca tion of

the first hole will be de fined in the main program, but different two vari ables will be the X-length

and the Y-length of the pattern:

o Length of the pat tern along X-axis . . .    assigned letter U  (variable assignment #21)

o Length of the pat tern along Y-axis . . .    assigned letter V  (variable assignment #22)

o Number of EQSP holes . . .    assigned letter H  (variable assignment #11)

The macro can be im proved in num ber of ways. As only one tool is shown in the ex am ple, it

may not be con ve nient to re peat the macro ex actly the same for two or even three tools. Even the

drill ing cy cle can be built in the macro, de pend ing on the ex act con di tions at the time of pro gram -

ming. This macro is very sim i lar to the pre vi ous one, but can also in clude a few ex tra fea tures that 

can eas ily be adapted to any macro. The vari ables are vi su ally de fined in Fig ure 34.
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Drawing example of a typical
angular hole pattern - version 2

In this application, the coordinates
for the first hole are given, along
with the X and Y distance between
the end holes
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O0022 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X12.0 Y14.0 S775 M03 First motion block with spindle speed

N3 G43 Z25.0 H01 M08 Tool length offset with clearance above

N4 G99 G81 R2.5 Z-15.0 F150.0 Hole #1 machined at current location

N5 G65 P8102 U76.0 V43.0 H6 Macro call with assignments (U±  V±)

N6 G90 G80 Z25.0 M09 Retract above work

N7 G28 Z25.0 M05 Return to machine zero

N8 M01 End of current tool

O8102 (ANGULAR HOLE PATTERN MACRO - VERSION 2)

#11 = #11-1 Change number of holes to number of spaces

#24 = #21/#11 Calculation of the X-increment

#25 = #22/#11 Calculation of the Y-increment

G91 X#24 Y#25 L#11 Increment L-times (K-times for Fanuc 16/18/21)

M99 End of macro

%

In typ i cal ma chin ing, the drill ing tool would be pre ceded by a spot drill ing or cen ter drill ing op -

er a tion, but the def i ni tion of the macro and its call would re main the same.

These two mac ros have dem on strated that a job that could take a while to pro gram man u ally,

can be done lit er ally in sec onds when using an existing macro. The following ex am ples will add

some ex tra fea tures, which can also be added to the first two mac ros. 
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Length of pattern along X21U

G65 P8102 U- V- H-

Angular hole pattern macro - Version 2

U(#21)

V(#22)

H(#11)

Length of pattern along Y22V

Number of EQSP holes11H

MACRO O8102

Start hole XY location
called in the main program

Figure 34

Variable data for angular pattern of holes - Version 2 - Macro O8102
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Frame Hole Pattern

Frame hole pat tern is quite com mon in many ma chine shops, and con sists of a se ries of equally

spaced holes, form ing a rect an gu lar pat tern. In ef fect, this pat tern con sists of four sets of holes in

an an gu lar ar range ment, so the first macro (O8101) can be used - four times. How ever, a frame

pat tern is more ef fi cient and - if de vel oped cor rectly - pre vents dou ble cut ting of the cor ner holes,

which can eas ily hap pen us ing other meth ods. The macro to de velop is a macro that de fines such a 

pat tern of holes, start ing at the lower left hole of the rect an gle, then con tin u ing around the frame

in the CW or CCW di rec tion. Again, cer tain de ci sions, con di tions and re stric tions have to be im -

posed first, based on the type of work.

Fig ure 35 rep re sents a typ i cal draw ing for a frame hole pat tern.

Based on the typ i cal pat tern shown, study care fully what fea tures have been con sid ered. Note

that the equal spac ing be tween holes is (or could be) dif fer ent for the X-axis and the Y-axis. This

re al ity has to be taken into con sid er ation. Based on the example draw ing, as well as on the re sult

of the nec es sary think ing pro cess, the fol low ing fea tures have been em ployed in the macro pre -

sented here:

o All holes are spaced equally within the pattern pitch in X can be different from the pitch in Y

o Any number of holes is acceptable machine permitting -  2 min per row or column

o Distance between holes must be known pitch along X and Y (both positive)

o Any pitch between holes is acceptable within machine capabilities

o Location of the first hole must be known XY coordinates

o First hole is the lower left corner of the pattern must be known

o Machining direction is CCW X+ Y+ X- Y-

In the macro, the key el e ment will be to pre vent cut ting any cor ner hole twice. That can be

achieved by pro gram ming L0 or K0 in the fixed cy cle called. From these se lected con di tions, the

as sign ments in the G65 macro call block can now be de fined.

Fig ure 36 shows the vi sual def i ni tion of all re quired vari ables.
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Frame hole pattern - definitions
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In this ex am ple, the ab so lute lo ca tion of the X and Y axes have been added, mak ing the user in -

put a lit tle bit lon ger, but the re sult ing macro that is much more flex i ble. Un der stand ing how this

ini tial lo ca tion is used in the macro (any macro), pres ents an op por tu nity to up grade the pre vi ous

macro ex am ples for the an gu lar hole pat tern (if it pro vides ben e fits). The di rec tion of ma chin ing

around the pat tern pe riph ery is strictly ar bi trary and has no real im pact on ac tual ma chin ing. At

this point, the vari ables can be as signed - again, us ing some log i cal and con ve nient method.

Variable Data for Frame Hole Pattern

The fol low ing pat tern fea tures will be de fined:

o Lower left hole absolute X-location . . .    assigned letter X  (variable #24)

o Lower left hole absolute Y-location . . .    assigned letter Y  (variable #25)

o Number of holes - along the X-axis . . .    assigned letter U  (variable #21)

o Number of holes - along the Y-axis . . .    assigned letter V  (variable #22)

o Spacing between holes (X-pitch) . . .    assigned letter I  (variable #4)

o Spacing between holes (Y-pitch) . . .    assigned letter J  (variable #5)

The im ple men ta tion of the suit able fixed cy cle must be called in the main pro gram, with the

nec es sary data (X and Y may be omit ted), but it must be pro grammed with the L0 or K0 mode

(de pend ing on the con trol sys tem).  The pro gram ming is based on the pro gram zero be ing at the

lower left cor ner, and the top of part.
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DescriptionVAR #

24X Lower left hole X-coordinate

Lower left hole Y-coordinate25Y

Number of horizontal holes21U

Number of vertical holes22V

EQSP horizontal pitch4I

EQSP vertical pitch5J

Frame hole pattern macro

U (#21)

I (#4)

J (#5)

V
(#

2
2
)

G65 P8103 X- Y- U- V- I- J-

MACRO O8103

X(#24) Y(#25)

Figure 36

Variable data for frame pattern of holes - Macro O8103
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O0023 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X0 Y0 S800 M03 Any X and/or Y motion may be included

N3 G43 Z25.0 H01 M08 Tool length offset + clearance above

N4 G99 G81 R2.5 Z-14.7 F150.0 L0 No machining but cycle data memorized

N5 G65 P8103 X10.0 Y9.5 U6 V5 I16.0 J14.0 Macro call with assignments

N6 G80 Z25.0 M09 G90 omitted on purpose (see macro)

N7 G28 Z25.0 M05 Return to machine zero

N8 M01 End of current tool

O8103 (FRAME HOLE PATTERN MACRO)

#10 = #4003 Store current setting of G90 or G91

IF[#4 LE 0] GOTO9101 Alarm if I not defined (spacing between holes in X)

IF[#5 LE 0] GOTO9101 Alarm if J not defined (spacing between holes in Y)

IF[#21 LT 2] GOTO9102 Alarm if U less than 2 (minimum of 2 horizontal holes)

IF[#21 NE FUP[#21]] GOTO9103 Alarm if U uses a decimal point (number of horizontal holes)

IF[#22 LT 2] GOTO9102 Alarm if V less than 2 (minimum of 2 vertical holes)

IF[#22 NE FUP[#22]] GOTO9103 Alarm if V uses a decimal point (number of vertical holes)

G90 X#24 Y#25 Lower left corner hole = the first hole of the pattern

#33 = #21-1 Number of spaces horizontally (positive)

WHILE [#33 GT 0] DO1 Start the loop for positive horizontal holes

G91 X#4 Incremental + complete bottom row (to the right in X+)

#33 = #33-1 Update counter

END1 End of loop

#33 = #22-1 Number of space vertically (positive)

WHILE [#33 GT 0] DO1 Start the loop for positive vertical holes

Y#5 Complete right column (up in Y positive)

#33 = #33-1 Update counter

END1 End of loop

#33 = #21-1 Number of spaces horizontally (negative)

WHILE [#33 GT 0] DO1 Start the loop for negative horizontal holes

X-#4 Complete bottom row (to the left in X negative)

#33 = #33-1 Update counter

END1 End of loop

#33 = #22-1 Number of spaces vertically (negative)

WHILE [#33 GT 1] DO1 Loop for vert. neg. holes - see condition - no first hole!

Y-#5 Complete left column (down in Y negative)

#33 = #33-1 Update counter

END1 End of loop

GOTO9999 Bypass all alarms if data input in G65 macro call is correct

N9101 #3000 = 101 (HOLE SPACING TOO SMALL) Generates alarm number 101 or 3101

N9102 #3000 = 102 (TWO HOLES MINIMUM REQUIRED) Generates alarm number 102 or 3102

N9103 #3000 = 103 (DECIMAL POINT NOT ALLOWED) Generates alarm number 103 or 3103

N9999 G#10 Original setting of G90 or G91 restored

M99 End of macro

%

Study the G65 macro state ment - the in put val ues are from the draw ing in Fig ure 35:

N5 G65 P8103 X10.0 Y9.5 U6 V5 I16.0 J14.0

228 Chapter 20

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



There are some vari able en tries in the macro call state ment that use a dec i mal point, and there

are oth ers that do not. These are the two avail able op tions. Since the vari ables U6 and V5 are used 

for count ing of holes only (this type of vari able is called the coun ter in a macro), they can be pro -

grammed with out a dec i mal point, us ing the in te ger for mat in put. Vari ables X10.0 Y9.5 I16.0

and J14.0 are all di men sional vari ables and the dec i mal point must be pro grammed, us ing the real

num ber in put. Oth er wise, X10 will be in ter preted as X0.010, Y95 as Y0.095, I16 as I0.016, and

J14 as J0.014 - this should be com mon knowl edge from the ba sic CNC train ing.   

2 Reference notes:

An in te ger in put means that the dec i mal point is not avail able and/or not re quired, such as for

count ing the re peats of cer tain ac tiv ity within the macro. Real num ber in put means that the vari -

able value de fined in the G65 state ment re quires a dec i mal point, or at least can use one, if nec es -

sary. In this case, the dec i mal in put is crit i cal, for ex am ple, to rep re sent a frac tional num ber in a

dec i mal for mat. Real num ber are not nor mally used as coun ters.

Bolt Hole Circle Pattern

Both pre vi ous ex am ples have shown how the log i cal flow of a rel a tively sim ple macro is es tab -

lished. These ba sic con cepts are ex tremely im por tant, since they will be used many times in one

form or an other in al most ev ery macro. In ef fect, they will be come the foun da tion of a suc cess ful

macro de vel op ment for more com plex ap pli ca tions. This cur rent macro ex am ple of a bolt hole cir -

cle pat tern is quite sim ple in one way, yet it could be very spe cial in so many other ways and for

only one rea son - it of fers a great amount of flex i bil ity. A sim i lar macro for an arc hole pat tern

fol lows. Pro gram ming a bolt hole cir cle pat tern us ing the man ual method is not a dif fi cult work,

but it could be time con sum ing and cer tainly sub ject to er rors. Some pro gram mers use a

stand-alone util ity, other may de velop a spread sheet pro gram for bot hole cir cle. In CNC, using a

ver i fied macro for this task is not only con ve nient, it is also eco nom i cal in terms of pro duc tiv ity.

Fig ure 37 shows a typ i cal draw ing of a bolt hole pat tern. There are six equally spaced holes

within 360°, and the first hole is lo cated at a given an gle.
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Example of a drawing for a typical
bolt hole circle pattern
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The bolt hole pat tern is very likely the most com mon ex am ple used in var i ous macro tu to ri als -

and there is a very valid rea son for it. Just about ev ery CNC pro gram mer, even a be gin ner, will

en coun ter a bolt hole cir cle pat tern sooner or later, while pro gram ming CNC mills and ma chin ing

centers. Ev ery CNC ma chin ist as signed for mill ing ap pli ca tions has prob a bly had the op por tu nity

to uti lize a bolt hole cir cle at least once. What makes the bolt hole cir cle pat tern so spe cial? Be fore 

read ing further, eval u ate the sample draw ing of a bolt hole cir cle pat tern, il lus trated in Fig ure 37.

A true pat tern of holes has to include sev eral crit i cal fea tures that are pres ent in ev ery draw ing

in this pat tern group. In case of a bolt hole pat tern, there are at least three crit i cal fea tures that are

al ways pres ent but may vary from one draw ing to an other, de pend ing on the en gi neer ing de sign:   

o Location of the bolt hole center ... X50.0Y37.5 in the example

o Bolt Circle Diameter = Pitch Circle Diameter (BCD or PCD) ... 49 mm in the example

o Number of equally spaced holes ... uses EQSP abbreviation

An other im por tant fea ture of the macro de sign is the an gu lar po si tion of the first hole. Most pat -

terns of this kind have the first hole aligned at the 'three o’clock po si tion', which is in it self an an -

gu lar po si tion - at zero de grees. A bolt hole pat tern macro can be de signed in such a way, that the

first hole lo ca tion is al ways as sumed to be at zero de grees. This de sign makes the macro a bit eas -

ier to de velop, but also pro vides rather lim ited ap pli ca tions. In clud ing the an gle of the first hole in

the macro call - even if it is at zero de grees - greatly en hances the macro flex i bil ity and its use ful -

ness. 

The ba sic con cept of this de sign should be quite easy to un der stand - the ac tual de vel op ment fol -

lows the initial log i cal think ing. With more fea tures added to the macro, the pro gram ming pro cess 

will inevitably be come more in volved and more com plex and has to be strictly controlled. The

most im por tant benefit of such an ap proach is that the ex tra ef fort will produce a very use ful

macro that can be used for a va ri ety of bolt cir cle designs. Such a macro can lit er ally save hun -

dreds of pro gram ming hours when the right ap pli ca tions are pres ent.

From this detailed de scrip tion of the ap proach to macro de vel op ment, at least two methods of

bolt hole cir cle macro de vel op ment can be identified:

o A macro that will make a fixed bolt circle pattern only ... a simple approach

o A macro that will add flexibility to the bolt circle pattern ... a more advanced approach

In ei ther case, there are the usual - and al ways nec es sary - de ci sions to be made, those that re -

late to all ba sic con di tions, re stric tions and other de sign re quire ments. The pro gram mer al ways

makes these de ci sions be fore writ ing a sin gle block of the macro. For the bolt hole cir cle pat tern

il lus trated, the cor re spond ing macro will be based on these con di tions, re stric tions and de ci sions:

o Bolt hole diameter (pitch diameter) must always be known, along with its absolute center coordinates

o All bolt holes are spaced equally within the bolt circle pattern (angular measurement)

o Any number of holes is acceptable (within machine capabilities) - minimum of two

o The angular location of the first hole can be anywhere from zero degrees (3 o'clock position)

o Direction of machining is from the first hole into the CCW direction (arbitrary decision)

o Macro must be available to any fixed cycle selection

Thor ough ini tial plan ning is es sen tial - it may be very dif fi cult, even im pos si ble, to add a fea ture 

or two to an ex ist ing macro later on.
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Ad di tional ad vanced con di tions can be ap plied to the macro de sign, if re quired:

o Any number of holes is acceptable (within machining capabilities) - including the minimum of one

o Initial holes can be skipped, resulting in an arc hole pattern - rather than a full circle hole pattern

2 Reference note:

Arc pat tern is de fined as a por tion of a circle pat tern. Typ i cally, it is de fined by its first hole and 

the an gu lar in cre ment be tween equally spaced holes. To see the dif fer ence, com pare the arc pat -

tern ca pa bil i ties of the bolt hole cir cle pat tern (this sec tion) and the arc hole pat tern (next sec tion).

Variable Data for Bolt Hole Circle Pattern

The fol low ing bolt hole cir cle pat tern fea tures will be de fined - Fig ure 38:

o Diameter of the full bolt hole circle . . .    assigned letter W (variable #23)

o Absolute X-location of the center . . .    assigned letter X (variable #24)

o Absolute Y-location of the center . . .    assigned letter Y (variable #25)

o Number of EQSP holes . . .    assigned letter H (variable #11)

o Angle of the first hole . . .    assigned letter A (variable #1)

o Hole number to start with (default=1) . . .    assigned letter S (variable #19) 
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n=1

n=n+1

n=H-1

DescriptionVAR #

24X Absolute center location in X

Absolute center location in Y25Y

Bolt circle diameter23W

Number of EQSP holes11H

First hole angle from 0°1A

Bolt hole circle pattern - definitions

A

W (#23)

Bolt circle radius (#23/2)R

Angle between holes (360/#11)B

S Hole number to start at

X and Y coordinates - any hole:

X = cos((n-1) * B + A) * R + #24

Y = sin((n-1) * B + A) * R + #25

n=1 for Hole 1, n=2 for Hole 2, etc.

G65 P8104 X- Y- W- H- A- S-

19

Hole counter (CCW from 0°)=

0°

X
(#

2
4
)

Y (#25)

R

n

n/a

n/a

MACRO O8104

W

Figure 38

Assignment of variables for a typical bolt hole circle pattern - Macro O8104

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



Al though the con cept of this macro may need some ef fort to un der stand it thor oughly, a few

points may help. First, note the in put of the BCD - the Bolt Cir cle Di am e ter - in ter nally, in the

macro, the di am e ter is ir rel e vant - it is the ra dius that is needed within the macro for cal cu la tions.

How ever, it is the di am e ter value that is the nor mal way of dimensioning the draw ing, so it should 

be the di am e ter value that is in put into the G65 vari able def i ni tions (vari able R in the above fig ure

is ac tu ally not used - in stead, the vari able W is re de fined, to save mem ory re sources of the con trol 

sys tem. An other vari able that is nec es sary for cal cu la tions (but not de fined as an as sign ment) is

iden ti fied as B in the il lus tra tion only, and nested in ter nally in the macro.

For fi nal ref er ence, fin ished top of the part is pro gram zero for the Z-axis (Z0). X0Y0 is lo cated 

at the lower left cor ner (but could be any where). The fol low ing main pro gram re flects the bolt cir -

cle draw ing il lus trated in Fig ure 37:

O0024 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X0 Y0 S1200 M03 First motion block + spindle speed

N3 G43 Z10.0 H01 M08 Tool length offset + clearance above

N4 G99 G82 R1.0 Z-15.9 P300 F225.0 L0 Fixed cycle call data - no machining (or K0)

N5 G65 P8104 X50.0 Y37.5 W49.0 H6 A1.0 S1 Macro call with assignments - full circle

N6 G80 Z10.0 M09 Retract above work

N7 G28 Z10.0 M05 Return to machine zero

N8 M01 End of current tool

...

%

O8104 (BOLT HOLE CIRCLE MACRO)  Macro number and description

#10 = #4003 Store current setting of G90 or G91

IF[#23 LE 0] GOTO9101 Bolt circle diameter to be greater than zero

IF[#11 NE FUP[#11]] GOTO9102 No fractions allowed for number of holes

IF[#11 LE 0] GOTO9103 Minimum number of holes is one

IF[#19 EQ #0] THEN #19 = 1 Start hole number = 1 (one) if not specified

IF[#19 NE FUP[#19]] GOTO9102 No fractions allowed for start hole number

IF[#19 LT 1] GOTO9104 Start hole number must be one or higher

IF[#19 GT #11] GOTO9105 Start hole number must be less than all holes

#23 = #23/2 Change diameter of bolt circle to radius

WHILE[#19 LE #11] DO1 Start loop for holes

#30 = [#19-1]*360/#11+#1 Calculate current hole angle

X[COS[#30]*#23+#24] Y[SIN[#30]*#23+#25] Calculate current X and Y hole location

#19 = #19+1 Update counter for the loop

END1 End of loop

GOTO9999 Bypass alarm messages

N9101 #3000=101 (DIA MUST BE GT 0) Alarm number 101 or 3101

N9102 #3000=102 (HOLES DATA MUST BE INTEGER) Alarm number 102 or 3102

N9103 #3000=103 (ONLY POSITIVE NUM OF HOLES) Alarm number 103 or 3103

N9104 #3000=104 (START HOLE MUST BE INTEGER) Alarm number 104 or 3104

N9105 #3000=105 (START HOLE NUMBER TOO HIGH) Alarm number 105 or 3105

N9999 G#10 Restore modal G-code

M99 End of macro

%
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One of the more in ter est ing fea tures of the macro is the use of a de fault value (6th macro block):

IF[#19 EQ #0] THEN #19 = 1 Start hole number = 1 (one) if not specified

In the G65 vari able as sign ment is the vari able S, as signed value of 1, i.e., S1. This vari able

con trols the hole num ber at which the macro starts. For a full cir cle hole pat tern, the vari able will

al ways be 1, how ever, for an arc pat tern only, it will be greater than 1. Since bolt cir cle pat terns

are more com mon than arc pat terns, the macro pro vides a de fault - if the as sign ment of vari able S

is not spec i fied in the G65 macro call, the value of one will be au to mat i cally sup plied by the above 

state ment within the macro. Note that not all con trols ac cept the IF-THEN ar gu ment, in which

case the more cum ber some IF and GOTOn com bi na tion will have to be used.

To sum ma rize this de fault fea ture, both fol low ing G65 state ments will achieve a full bolt cir cle

pat tern, start ing at the first hole:

N5 G65 P8104 X50.0 Y37.5 W49.0 H6 A1.0 S1 Macro call with assignments - full circle

N5 G65 P8104 X50.0 Y37.5 W49.0 H6 A1.0 Macro call with assignments - full circle  

The macro it self can be used in a very flex i ble way. With an in no va tive and cre ative use of the

H, A, and S vari ables, any hole can be the first hole, any num ber of holes can be spec i fied, pro -

vid ing they are lo cated on a bolt cir cle. A bolt cir cle with an even num ber of equally spaced holes

of fers more flex i bil ity than a bolt cir cle with an odd num ber of equally spaced holes.

Arc Hole Pattern

Cer tain hole ma chin ing ap pli ca tions do not re quire a full bolt hole cir cle pat tern, just a part of it. 

This arc hole pat tern of equally spaced holes along an arc is very sim i lar to the bolt hole cir cle

pattern, but does not cover the full 360° cir cle. The an gu lar in cre ment be tween holes is pro vided

in the draw ing and must al ways be part of the macro call as sign ments.

Fig ure 39 il lus trates a typ i cal arc hole pat tern:
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Example of a drawing for a typical
arc hole pattern
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In com par i son, the bolt hole macro in the pre vi ous sec tion can skip cer tain holes, based only on

the 'hole num ber to start with' (as sign ment S=#19). It will al ways skip holes be gin ning at the first

hole of the pat tern. While use ful for many practical ma chin ing ap pli ca tions, the macro struc ture

does not al low in creased flex i bil ity in con trol ling the ac tual hole pat tern. The arc hole pat tern

macro has been de signed spe cif i cally for ma chin ing pat terns of holes with the given an gu lar in cre -

ment that forms a pat tern of holes in the range that is less than 360° (the vari able as sign ment S is

not re quired in this case). 

Variable Data for Arc Hole Pattern

The fol low ing arc pat tern fea tures will be de fined:

o Diameter of the partial bolt hole circle . . .    assigned letter W (variable #23)

o Absolute X-location of the center . . .    assigned letter X (variable #24)

o Absolute Y-location of the center . . .    assigned letter Y (variable #25)

o Number of EQSP holes . . .    assigned letter H (variable #11)

o Angle of the first hole . . .    assigned letter A (variable #1)

o Increment angle between holes . . .    assigned letter I (variable #4) 

2 SUG GES TION:   Study both mac ros O8104 and O8105 to the last de tail
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n=1

DescriptionVAR #

24X Absolute center location in X

Absolute center location in Y25Y

Bolt circle diameter23W

Number of EQSP holes11H

First hole angle from 0°1A

Arc hole pattern - definitions

A

W (#23)

Bolt circle radius (#23/2)R

Angle between holesI

X and Y coordinates - any hole:

X = cos((n-1) * I + A) * R + #24

Y = sin((n-1) * I + A) * R + #25

n=1 for Hole 1, n=2 for Hole 2, etc.

G65 P8105 X- Y- W- H- A- I-

Hole counter (CCW from 0°)=

0°

X
(#

2
4
)

Y (#25)

R

n

n/a

4

I I

I

H MACRO O8105

Figure 40

Assignment of variables for a typical arc hole pattern - Macro O8105
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O0025 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X0 Y0 S1200 M03 First motion block + spindle speed

N3 G43 Z10.0 H01 M08 Tool length offset + clearance above

N4 G99 G82 R1.0 Z-14.4 P300 F225.0 L0 Fixed cycle call data - no machining (or K0)

N5 G65 P8105 X37.5 Y25.0 W49.0 H5 A10.0 I24.0 Macro call with assignments - ARC

N6 G80 Z10.0 M09 Retract above work

N7 G28 Z10.0 M05 Return to machine zero

N8 M01 End of current tool

...

O8105 (ARC HOLE PATTERN MACRO)  Macro number and description

#10 = #4003 Store current setting of G90 or G91

IF[#24 EQ #0] THEN #24 = 0 If X-assignment is missing, X=0.0

IF[#25 EQ #0] THEN #25 = 0 If Y-assignment is missing, Y=0.0

IF[#23 EQ #0] GOTO9101 ERROR if DIAMETER is missing

IF[#11 EQ #0] GOTO9102 ERROR if NUMBER OF HOLES is missing

IF[#1 EQ #0] GOTO9103 ERROR if HOLE 1 ANGLE is missing

IF[#4 EQ #0] GOTO9104 ERROR if ANGLE INCREMENT is missing

IF[#23 LE 0] GOTO9105 Arc pattern diameter to be greater than zero

IF[#11 NE FUP[#11]] GOTO9106 No fractions allowed for number of holes

IF[#11 LE 0] GOTO9107 Minimum number of holes is one

#23 = #23/2 Change diameter of the arc pattern to radius

#19 = 1 Start counter of holes

WHILE[#19 LE #11] DO1 Start loop for holes

#30 = [#19-1]*#4+#1 Calculate current hole angle

X[COS[#30]*#23+#24] Y[SIN[#30]*#23+#25] Calculate current X and Y hole location

#19 = #19+1 Update counter for the loop

END1 End of loop

GOTO9999 Bypass alarm messages

N9101 #3000=101 (NO DIAMETER) BCD not specified

N9102 #3000=102 (NO NUMBER OF HOLES) Number of holes not specified

N9103 #3000=103 (NO HOLE 1 ANGLE) First hole angle not specified

N9104 #3000=104 (NO ANGLE INCREMENT) Increment angle not specified

N9105 #3000=105 (DIA MUST BE GT 0) BCD must be greater than zero

N9106 #3000=106 (INTEGER INPUT REQUIRED) Number of holes cannot have decimal point

N9107 #3000=107 (ONLY POSITIVE NUMBER) Number of holes can be one or greater

N9999 G#10 Restore modal G-code

M99 End of macro

%

There is a new fea ture in the macro - a check against 'no in put'. If one or more vari ables are

miss ing in the macro call as sign ment, the macro can not be ex e cuted cor rectly. In some cases, the

macro will be ex e cuted, but with un de sir able re sults. To pre vent pos si bly dan ger ous sit u a tions,

the pres ence of each as sign ment will be checked. In mac ros, any vari able not de fined is an empty - 

or null - vari able (de scribed ear lier). A null vari able is de fined as #0. The check ing method for a

vari able as sign ment shown here can be added to any macro. The above macro also ad dresses the

is sue of the arc pat tern cen ter be ing at X0Y0. If the X and/or Y as sign ment is not pro vided, it will

be de fined as X0 and/or Y0 through the macro. 
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Circular Pocket Roughing

A ma chin ing macro that can be used spe cif i cally for the re moval of ma te rial from an in ter nal

cir cu lar area (cir cu lar pocket) can have many vari a tions. The ob jec tive of this ex am ple is to cover

the rough ing op er a tions, whereby the pocket fi nal di am e ter is de fined as a rough di am e ter. The

draw ing in Fig ure 41 shows a sam ple pocket used for the macro call ex am ple.

As in all pre vi ous ex am ples, cer tain de ci sions, con di tions and re stric tions have to be im posed:

o The diameter of the pocket must be known required rough diameter specified in G65

o Only a single Z-depth can be applied no steps at the bottom

o The location of the pocket center must be known XY coordinates

o Width of each cut must be selected so called stepover amount

o Direction of machining center into the X+, then the full circle

o Tool radius offset number must be entered in G65 not a radius value - only the offset number

o Cutting feedrate must be entered in G65 statement assignment F (#9)

In or der to ac com mo date more flex i bil ity within the macro, ad di tional ini tial set tings will be re -

quired. The most im por tant im prove ment to the macro will be the ad di tion of seg mented depth of

cut. This ad di tion will bring an ex tra power to the macro by al low ing to cut a deep pocket in cal -

cu lated depth seg ments, rather than at full depth. How ever, the macro will not re quire spec i fi ca -

tion of the depth of each cut (vari able as sign ment), in which case the full depth will be reached by

the cut ting tool at the macro be gin ning.

An other im prove ment to the macro is an added fea ture that al lows the macro to be used for a

draw ing that uses met ric di men sions, as well as for a draw ing de signed in Eng lish units (inches).

This fea ture will only af fect the clear ance above the part, which is not spec i fied in the macro as -

sign ment block G65. Other draw ing di men sions have to be en tered in their re spec tive units within

the G65 macro block call. Of course, any other macro can use the same tech nique and even en -

large on it. Other tech niques, al ready pre sented, may be used as well. The pro gram ming is based

on the pro gram zero be ing at the lower left cor ner and the fin ished top of part.

Af ter these con sid er ations, the vari ables that will have to be de fined can now be assigned.
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Variable Data for Circular Pocket Roughing

Cir cu lar pocket rough ing in cludes many set tings that change from job to job. Good plan ning is

im por tant and when com pleted, the fol low ing fea tures will be de fined to de velop a macro toolpath 

for a cir cu lar pocket rough ing:

o Pocket center as absolute X-location . . .    assigned letter X (variable #24)

o Pocket center as absolute Y-location . . .    assigned letter Y (variable #25)

o Pocket final depth . . .    assigned letter Z (variable #26)

o Pocket final diameter . . .    assigned letter D (variable #7)

o Depth of each cut . . .    assigned letter K (variable #6)

o Width of each cut . . .    assigned letter W (variable #23)

o Tool offset number . . .    assigned letter T (variable #20)

o Cutting feedrate . . .    assigned letter F (variable #9)

If the K (#6) is omit ted, macro will cut to the full depth, as spec i fied in as sign ment Z (#26).

This macro is also a good ex am ple of us ing two loops si mul ta neously - a loop within a loop.

The Fig ure 42 shows a graph i cal rep re sen ta tion of the vari ables used for cir cu lar pocket rough -

ing macro. Note that the com mon vari able #120 is de fined as a cal cu lated value within the

macro, based on the tool ra dius stored in the off set num ber iden ti fied by vari able T (#20).
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DescriptionVAR #

24X Absolute center location in X

Absolute center location in Y25Y

Pocket depth26Z

Pocket radius #7/2 - applied7D

Tool radius offset number20T

Width of cut (typical)23W

Circular pocket - roughing macro

D (#7)

#120

Pocket diameter (initial)D 7

Calculated final radius to cut4W (#23)

Depth of each cut (Z-axis)6K

Cutting feedrateF 9

(TYP.)

G65 P8106 X- Y- Z- D- K- W- T- F-

X
(#

2
4
)

Y (#25)

#4

MACRO O8106

n/a

Figure 42

Assignment of variables for a typical circle pocket roughing - Macro O8106
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O0026 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X0 Y0 S1200 M03 Any first motion location with spindle speed

N3 G43 Z25.0 H05 M08 Tool length offset + initial clearance above part

N4 G65 P8106 X50.0 Y3.75 Z7.5 D49.0 K2.5 W4.0 T5 F500.0 Macro call

N5 G80 Z25.0 M09 Retract to start position

N6 G28 Z25.0 M05 Return to machine zero

N7 M01 End of current tool

...
%

O8106 (ROUGHING CIRCULAR POCKET MACRO) Macro number and description

IF[#7 EQ #0]  GOTO9101 Pocket diameter must be defined

IF[#20 EQ #0] GOTO9102 Tool offset number must be defined

IF[#23 EQ #0] GOTO9103 Width of cut must be defined

IF[#26 EQ #0] GOTO9104 Pocket depth must be defined

IF[#9 EQ #0] GOTO9105 Cutting feedrate must be defined

#10 = #4003 Store current setting of G90 or G91

#7 = ABS[#7/2] Change defined pocket dia. to pos. pocket radius

#120 = [ABS[#[2400+#20]+#[2600+#20]]] Retrieve stored abs. value of selected tool offset

IF[#120 GE #7] GOTO9106 Offset value cannot be GE the pocket radius

#26 = ABS[#26] Guarantee that the Z-depth is a positive value

#126 = #4006 Check current units (English G20 or Metric G21)

IF[#126 EQ 20.0] THEN #126 = 0.1 Clearance above work is 0.1 inch for G20

IF[#126 EQ 21.0] THEN #126 = 2.0 Clearance above work is 2 mm for G21

G90 G00 X#24 Y#25 Rapid to start position X and Y

Z#126 Rapid to start position Z (above pocket center)

G01 Z0 F[#9/2] Feed to Z0 absolute start position

#16 = #26 Store total depth in a separate register

IF[#6 EQ #0] GOTO1 Branch to default if depth of cut not defined

#6 = ABS[#6] Guarantee that the Z-depth is a positive value

GOTO2 Bypass full depth setting

N0001 #6 = #26 If depth of cut not defined, use full depth

N0002 #4 = #7-#120 Calculate the final cutting radius

WHILE [#16 GE #6] DO1 This loop controls the depth of cut

#33 = #23 Initial width of cut (= first circle radius)

G91 G01 Z-#6 F[#9/2] Feed to current depth at one half of the feedrate

WHILE [#33 LT #4] DO2 Cutting radius must be smaller than final radius

G90 G01 X[#24+#33] F#9 Stepover to the next cutting radius

G03 I-#33 Cutting the current circle radius

#33 = #33+#23 Increase cutting radius by the width of cut

END2 End of loop 2

G90 G01 X[#24+#4] F#9 Final cutting radius approach - current depth

G03 I-#4 Cutting last radius (final dia.) - current depth

G01 X#24 F[#9*3] Fast feed back to X-start location - current depth

#16 = #16-#6 New depth of cut

END1 End of loop 1

IF[#16 LE 0] GOTO9000 Branch to retract if pocket depth is 0 or negative

G91 G01 Z-#16 F[#9/2] Feed to current depth at one half of the feedrate
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#33 = #23 Initial width of cut (= first circle rad.) last depth

WHILE[#33 LT #4] DO1 Cutting radius must be smaller than final radius

G90 G01 X[#24+#33] F#9 Stepover to the next cutting radius

G03 I-#33 Cutting the current circle radius

#33 = #33+#23 Increase cutting radius by the width of cut

END1 End of loop 1

G90 G01 X[#24+#4] F#9 Final cutting radius approach - last depth

G03 I-#4 Cutting last radius (final dia.) - last depth

G01 X#24 F[#9*3] Fast feed back to X-start location - last depth

N9000 G00 Z#126 Retract from the center above the pocket

GOTO9999 Bypass alarm messages

N9101 #3000=101 (NO POCKET DIAMETER) Alarm number 101 or 3101

N9102 #3000=102 (NO T-OFFSET) Alarm number 102 or 3102

N9103 #3000=103 (NO CUTTING WIDTH) Alarm number 103 or 3103

N9104 #3000=104 (NO POCKET DEPTH) Alarm number 104 or 3104

N9105 #3000=105 (NO FEEDRATE) Alarm number 105 or 3105

N9106 #3000=106 (TOOL RADIUS TOO LARGE) Alarm number 106 or 3106

N9999 G#10 Restore modal G-code

M99 End of macro

%

Cen ter-cut ting end mill or a sim i lar tool must be used to match the pro gram re quire ments, un -

less the cen ter of the cir cu lar pocket is open (rather than solid). Also note the mod i fi ca tion of the

feedrate within the macro pro gram, by ei ther de creas ing it or in creas ing it by a given fac tor. This

ap proach can be ap pli ca ble to other macro fea tures, not just to the feedrate.

Amount of Stock Left

No where in the macro is spec i fied the amount of stock to be left for later fin ish ing. This amount 

should be left to the CNC op er a tor, for greater con trol at the ma chine. How is the stock han dled?

This is the first macro that uses a sys tem vari able - two sys tem vari ables, in fact. It is im por tant to

un der stand that sys tem vari ables de pend on the con trol sys tem - and its tool off set mem ory type,

as in this ex am ple. Con trols with Mem ory Type C and less than 200 off sets use the 2401-se ries

sys tem vari ables for the Ge om e try D-off set, and 2601-se ries for the Wear D-off set (see Chap ter

11 for de tails). In the ex am ple, as sign ment T=#20=5, there fore off set 5 will store the ge om e try

and the wear set tings for the cut ter ra dius. For ex am ple, if the tool is Æ12 mm end mill, the stored 

ge om e try off set will be set to the cut ter ra dius of 6 mm and the wear off set will store the amount

left for fin ish ing, for ex am ple, 0.5 mm. The vari able #120 con trols only the last cir cu lar cut,

which makes the fi nal pocket size. The con trol sys tem will in ter pret the block

#120 = [ABS[#[2400+#20]+#[2600+#20]]]      ... as ...

#120 = [ABS[#[2400+5]+#[2600+5]]] = [#2405+#2605] = [6.0+0.5] = 6.5

Since the ac tual cut ter ra dius is 6 mm but the wear off set set ting is ad di tional 0.5 mm, the com -

pleted pocket di am e ter will be 1 mm smaller and should mea sure Æ48 mm. If the wear off set 5 at

the con trol is set to zero, the pocket will be fin ished to size, as per draw ing.
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Circular Pocket Finishing

Fin ishing cut ap plied to a cir cu lar pocket (or a sim i lar ma chin ing op er a tion) is a fol low up to the 

pre vi ous ex am ple and is the main sub ject of this macro. The macro can be used as it is on its own,

or as a macro fol low ing the cir cu lar pocket rough ing macro, de scribed in the pre vi ous section.

The ex am ple draw ing in Fig ure 43 is sim i lar to the last ex am ple.

A typ i cal in ter nal cir cu lar toolpath is com monly pro grammed from the cen ter of the pocket,

through the rough ing mo tions and end ing again at the center. Here is a typ i cal ma chin ing pro cess:

1. Tool moves to the center of the pocket, above the work

2. Tool feeds-in to the Z-depth

3. Cutter radius offset is applied along the linear XY motion from center

4. Tool moves along the lead-in arc towards the pocket diameter

5. The full circle is machined in one block

6. Tool moves along the lead-out arc away from the pocket diameter

7. Cutter radius offset is canceled in the linear XY motion towards center

8. Tool retracts above the work

This macro uses an au to mat i cally cal cu lated lead-in and lead-out tan gen tial arc (blend radius).

The same tan gen tial toolpath can also be adapted to other fin ish ing ap pli ca tions, particularly for

the pur pose of achieving a better sur face fin ish.                                                            

NOTE - Sev eral con trol sys tems sup port a G-code for mill ing a cir cu lar pocket, typ i cal iden ti -

fied as G12 (CW) and G13 (CCW). Fanuc con trols do not have this fea ture built-in for di rect use,

but Fanuc pro vides tools to de velop the G-code us ing a macro. The com plete de vel op ment of this

new com mand is de scribed in the next chap ter (Chap ter 21 - Cus tom Cy cles).
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Variable Data for Circular Pocket Finishing

The fol low ing cir cu lar pocket finishing macro fea tures will be de fined:

o Circle pocket diameter . . .    assigned letter W (variable #23)

o Absolute X-location of the center . . .    assigned letter X (variable #24)

o Absolute Y-location of the center . . .    assigned letter Y (variable #25)

o Z-depth of the pocket . . .    assigned letter Z (variable #26)

o Tool offset number for radius . . .    assigned letter T (variable #20)

o Cutting feedrate for profile . . .    assigned letter F (variable #9) 

The il lus tra tion in Fig ure 44, shows the pic to rial rep re sen ta tion of the vari able as sign ments.

All vari ables used in the macro has been care fully se lected, based on ma chin ing pro ce dures and

sev eral other fac tors. The se lected ma chin ing pro ce dure for the pocket fin ish ing is ap plied within

the macro body. As in any other macro, there are some con di tions, re stric tions and other re quire -

ments, this time ap plied to the cir cu lar pocket fin ish ing toolpath:

o Circular pocket can have any positive diameter

o The center of the pocket must be known (including X0Y0)

o Z-depth may be positive or negative but not a zero

o The location of the contour start is arbitrarily set at 90° (12 o’clock)
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DescriptionVAR #

24X Absolute center location in X

Absolute center location in Y25Y

Pocket depth26Z

Pocket diameter23W

Tool radius offset number20T

Cutting feedrate9F

Circular pocket - finishing macro

W (#23)

G65 P8107 X- Y- Z- W- T- F-

X
(#

2
4

)

Y (#25)

#101

MACRO O8107

Figure 44

Assignment of variables for a typical circle pocket finishing - Macro O8107
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o Z-clearance above the work is 2 mm or 0.1 inches (automatically selected)

o Feedrate for Z-axis infeed is one half of the programmed feedrate

o Direction of machining is from the center in climb milling mode (G41 D..) at M03

o The tool offset numbers must be within the range of 1-33

o Tool offsets used are for Memory Offset Type C - less than 200 offsets - as per Fanuc control designation

o Tool diameter must be greater than 0 and less than the pocket diameter

o LEAD-IN and LEAD-OUT arcs are identical and calculated by the macro as:

    (POCKET DIA - TOOL DIA) / 2

Ad di tional con di tions can be ap plied only for more ad vanced ap proach:

o If cleanup of the bottom is required during finishing, the tool diameter must be POCKET DIA / 3 or greater

o Stepped Z-depth may be added to the macro, if desired

O0027 (MAIN PROGRAM)

N1 G21 Metric mode

N2 G90 G00 G54 X0 Y0 S800 M03 Any first motion location with spindle speed

N3 G43 Z25.0 H04 M08 Tool length offset with clearance above part

N4 G65 P8107 X50.0 Y37.5 Z7.5 W49.0 T4 F150.0 Macro call with assignments

N5 Z25.0 M09 Retract above work

N6 G28 Z25.0 M05 Return to machine zero

N7 M01 End of current tool

%

O8107 (CIRCULAR POCKET FINISHING MACRO)

IF[#26 EQ 0] GOTO9101 Depth of pocket must not be a zero

IF[#23 LE 0] GOTO9102 Pocket diameter must be a positive value

IF[#20 LE 0] GOTO9103 Offset number required for cutter radius offset

IF[#20 GT 33] GOTO9104 Maximum number of offsets is 33

IF[#9 EQ #0] GOTO9105 Cutting feedrate must be defined

#120 = #[2400+#20]+#[2600+#20] Retrieve the stored value of selected tool offset

IF[#120 LE 0] GOTO9106 Offset value radius must be positive

#23 = #23/2 Change diameter of pocket to radius

IF[#23 LE #120] GOTO9107 Pocket radius must be larger than offset radius

#101 = [#23+#120]/2 Calculate Lead-in/Lead-out arc radius

#10 = #4003 Store current setting of G90 or G91

#26 = ABS[#26] Guarantee that the Z-depth is a positive value

#126 = #4006 Check current units (English G20 or Metric G21)

IF[#126 EQ 20.0] THEN #126 = 0.1 Clearance above work is 0.1 inch for G20

IF[#126 EQ 21.0] THEN #126 = 2.0 Clearance above work is 2 mm for G21

G90 G00 X#24 Y#25 Rapid to start position X and Y

Z#126 Rapid to start position Z (above pocket center)

G01 Z-#26 F[#9/2] Feed to depth at one half of the feedrate

G91 G41 X#101 Y[#23-#101] D#20 F#9 Motion from center + cutter radius offset

G03 X-#101 Y#101 I-#101 Lead-in arc tool motion

J-#23 Full circle tool motion

X-#101 Y-#101 J-#101 Lead-out arc tool motion

G01 G40 X#101 Y-[#23-#101] Return to the center + cancel cutter radius offset

G90 G00 Z#126 Retract above the finished pocket
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GOTO9999 Bypass alarm messages

N9101 #3000=101 (Z-DEPTH IS ZERO) Generates alarm number 101 or 3101

N9102 #3000=102 (POCKET DIA ERROR) Generates alarm number 102 or 3102

N9103 #3000=103 (OFFSET NUMBER ERROR) Generates alarm number 103 or 3103

N9104 #3000=104 (OFFSET NUMBER TOO BIG) Generates alarm number 104 or 3104

N9105 #3000=105 (FEEDRATE NOT DEFINED) Generates alarm number 105 or 3105

N9106 #3000=106 (OFFSET VALUE IS NOT POSITIVE) Generates alarm number 106 or 3106

N9107 #3000=107 (TOOL OFFSET TOO LARGE) Generates alarm number 107 or 3107

N9999 G#10 Restore modal G-code

M99 End of macro

%

In this macro, two sys tem vari ables are used to de fined lo cal vari able #120. Com pare the cur -

rent def i ni tion of this vari able with the sim i lar def i ni tion in the pre vi ous ex am ple (O8106) - there

is no ABS func tion used in the cur rent macro. In stead, the vari able def i ni tion is im me di ately fol -

lowed by a con di tional IF test - if the off set value is neg a tive, the sys tem will is sue an er ror con di -

tion (alarm). This is not a better so lu tion, it is shown here only as 'a so lu tion' - the ABS func tion is 

a much better choice, one that will not re quire an er ror test.

In this and other mac ros in cluded in the hand book, a test against miss ing feedrate or feedrate

be ing zero can also be made, if de sired. Make sure to write ei ther state ment cor rectly - the en tries

are sim i lar, but will pro duce a very dif fer ent re sult (as sign ment F=#9 is used for the ex am ple):

IF[#9 EQ #0] GOTO... Cutting feedrate must be defined

IF[#9 EQ 0] GOTO... Cutting feedrate must NOT be a zero

In Fig ure 45 are two draw ings that can be used for test ing the in teg rity of cir cle pocket mac ros.  
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Metric and English drawings that can be used to test the circular pocket macros
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Slot Machining Macro

Ma chining a closed slot is a com mon mill ing operation, one that re quires a num ber of sim i lar

cal cu la tions. The ba sic shape of a slot is al ways the same, but its lo ca tion, length, ra dius, an gle

and depth vary (in ad di tion to other non-geometrical val ues). A closed slot ma chin ing is the per -

fect choice to be de vel oped as a cus tom macro. Fig ure 46 shows a draw ing of a typ i cal closed slot.

Typ i cal ma chin ing pro cess to cut a com mon closed slot is quite sim ple:

1. Rapid to the first arc cen ter and above work

2. Feed-in to slot depth

3. Feed to the sec ond arc cen ter

4. Lead-in towards contour - apply cutter radius offset

5. Con tour slot

6. Lead-out towards arc center - cancel cutter radius offset

7. Re tract above work

As in all other mac ros, there are cer tain cri te ria to be established:

o Absolute center location of one end radius must be known

o Depth of the slot must be known

o Slot angular orientation from the defined center location must be known

o The length of slot between centers of the two radii must be known

o The width of the slot must be equal to the double slot radius

o Tool radius offset number must be defined

o Cutting feedrate must be specified

o Lead-in and lead-out arc will be calculated automatically

The pos i tive or neg a tive cut ting di rec tion is cal cu lated by the macro, us ing the de fined an gle

ori en ta tion. This is a more struc tured ap proach then forc ing a mi nus sign in the pro gram.
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Variable Data for Slot Machining

Once the ini tial con di tions have been es tab lished, the macro vari ables can be as signed.

o Absolute X-location of one radius center . . .    assigned letter X (variable #24)

o Absolute Y-location of one radius center . . .    assigned letter Y (variable #25)

o Z-depth of the slot . . .    assigned letter Z (variable #26)

o Angular orientation of the slot . . .    assigned letter A (variable #1)

o Distance between slot centers . . .    assigned letter D (variable #7)

o Slot radius (one of two same radiuses) . . .    assigned letter R (variable #18)

o Tool radius offset number . . .    assigned letter T (variable #20)

o Cutting feedrate slot profile . . .    assigned letter F (variable #9) 

Fig ure 47 shows a graph i cal rep re sen ta tion of the vari able data as sign ments in macro call G65:

In the fol low ing pro gram ex am ple, some of the ini tial in put check ing blocks and their cor re -

spond ing alarm def i ni tions have been omit ted to keep the macro clear for studying. How ever, sev -

eral earlier ex am ples show how the tech niques work and once the macro is ver i fied, the blocks

test ing proper in put should be added. This macro is a very good ex am ple of pro gram ming var i ous

trig o no met ric func tions (an gu lar dimensions). Also note that sev eral com mon vari ables are re de -

fined, once their orig i nal mean ing had been ap plied.
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DescriptionVAR #

24X Left center X-coordinate

Left center Y-coordinate25Y

Slot depth26Z

Slot angular orientation1A

Distance between centers7D

Slot radius18R

Slot machining macro
D

(#
7)

A (#1)

T 20 Tool radius offset number

Cutting feedrate9F

G65 P8108 X- Y- Z- A- D- R- T- F-

Y (#25)

X
(#

2
4
)

R(#18) MACRO O8108

Figure 47

Assignment of variables for a typical closed slot macro - Macro O8108
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O0028 (MAIN PROGRAM)
N1 G21
N2 G90 G00 G54 X0 Y0 S800 M03
N3 G43 Z25.0 H05 M08
N4 G65 P8108 X28.0 Y25.0 Z5.0 R9.0 D52.0 A25.0 T5 F300.0
N5 G00 Z25.0 M09
N6 G28 Z25.0 M05
N7 M30
%

O8108 (SLOT MACRO) Macro number and description

#10 = #4003 Store current setting of G90 or G91

<... place error definitions here ...>

#126 = #4006 Check current units (English G20 or metric G21)

IF[#126 EQ 20.0] THEN #126 = 0.1 Clearance above work is 0.1 inch for G20

IF[#126 EQ 21.0] THEN #126 = 2.0 Clearance above work is 2 mm for G21

G90 G00 X#24 Y#25 Rapid to the first center slot position in XY

Z#126 Clear above work in Z

G01 Z-[ABS[#26]] F[#9/2] Feed to depth at half the feedrate

#120 = [ABS[#[2400+#20]+#[2600+#20]]] Retrieve the stored value of selected tool offset

#101 = [#18+#120]/2 Calculate Lead-in/Lead-out arc radius

#102 = #18-#101 Calculate difference between radiuses

#124 = [COS[#1]*#7]  Calculate the X-length of the center motion

#125 = [SIN[#1]*#7] Calculate the Y-length of the center motion

G91 X#124 Y#125 F#9 Motion from the center

#103 = ATAN[#102]/[#101] Calculate motion angle for G01

#104 = SQRT[#102*#102+#101*#101] Calculate motion length for G01

#124 = [#104*COS[#1+#103+180]] Calculate the X-motion from center to lead-in arc

#125 = [#104*SIN[#1+#103+180]]  Calculate the Y-motion from center to lead-in arc

G41 X#124 Y#125 D#20 Make the G01 motion + cutter compensation on

#105 = SQRT[#101*#101*2] Calculate motion length for G03 (at 45 degrees)

#114 = [COS[#1]*#101]  Calculate the I-value of the lead-in arc

#115 = [SIN[#1]*#101]  Calculate the J-value of the lead-in arc

#124 = [COS[#1-45]*#105] Calculate the lead-in arc X-increment

#125 = [SIN[#1-45]*#105] Calculate the lead-in arc Y-increment

G03 X#124 Y#125 I#114 J#115 Lead-in arc motion

#114 = [COS[#1+90]*#18] Calculate the I-value of the right slot arc

#115 = [SIN[#1+90]*#18] Calculate the J-value of the right slot arc

#124 = [COS[#1+90]*[#18*2]] Calculate the right slot arc X-increment

#125 = [SIN[#1+90]*[#18*2]] Calculate the right slot arc Y-increment

X#124 Y#125 I#114 J#115 Right slot arc of 180°

#124 = [COS[#1+180]*#7]  Calculate the X-length of linear motion 1

#125 = [SIN[#1+180]*#7] Calculate the Y-length of linear motion 1

G01 X#124 Y#125 Linear motion 1

#114 = [COS[#1-90]*#18] Calculate the I-value of the left slot arc

#115 = [SIN[#1-90]*#18] Calculate the J-value of the left slot arc

#124 = [COS[#1-90]*[#18*2]] Calculate the left slot arc X-increment

#125 = [SIN[#1-90]*[#18*2]] Calculate the left slot arc Y-increment

G03 X#124 Y#125 I#114 J#115 Left slot arc of 180°

#124 = [COS[#1]*#7]  Calculate the X-length of linear motion 2
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#125 = [SIN[#1]*#7] Calculate the Y-length of linear motion 2

G01 X#124 Y#125 Linear motion 2

#114 = [COS[#1+90]*#101]  Calculate the I-value of the lead-out arc

#115 = [SIN[#1+90]*#101]  Calculate the J-value of the lead-out arc

#124 = [COS[#1+45]*#105] Calculate the lead-out arc X-increment

#125 = [SIN[#1+45]*#105] Calculate the lead-out arc Y-increment

G03 X#124 Y#125 I#114 J#115 Lead-out arc motion

#124 = [SIN[#103-#1-90]*#104] Calculate X-motion from lead-out arc to center

#125 = [COS[#103-#1-90]*#104] Calculate Y-motion from lead-out arc to center

G01 G40 X#124 Y#125 Back to start point motion + cutter offset off

G90 G00 Z#126 Retract above the finished slot

GOTO9999 Bypass alarm messages

<... place error messages here ...>

N9999 G#10 Restore modal G-code

M99 End of macro

% 

One method of a macro de sign is ev i dent in the slot macro. Note that many vari ables are used

over and over again, with dif fer ent val ues. This ap proach re sults in fewer vari ables and makes the 

macro eas ier to in ter pret. There is no need for each value to have its own unique vari able.

Circular Groove with Multiple Depth

The macro de scribed in this sec tion is a rather sim ple one, yet very prac ti cal in many ma chin ing 

ap pli ca tions - it also serves as a very good ex am ple to study cus tom macro de sign. Its pur pose is to 

cut a cir cu lar groove, strictly a util ity type with no tight tol er ances, but with mul ti ple depth cuts.

This method of ma chin ing is very use ful for groove rough ing in tough ma te ri als. Be fore the

macro will be de vel oped, it will be pre ceded by a subprogram de vel op ment. Subprograms are of -

ten ex cel lent can di dates for mac ros, and this ex am ple shows the com par i son.

From the draw ing in for ma tion in Fig ure 48, the subprogram - and macro - can be developed:   
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From Subprograms to Macros

De vel op ing a subprogram rather than a macro is per fectly jus ti fied for a one-of-a-kind job that

will not likely be re peated in the fu ture. Subprograms are also the only 'au to ma tion' tools, when

the macro op tion is not avail able for the ex ist ing con trol sys tem. To pro gram the rough groove il -

lus trated in Fig ure 48, the main pro gram will call a subprogram O8022:

(MAIN PROGRAM)
(X0Y0 LOWER LEFT CORNER - Z0 TOP OF PART)

N1 G21 Metric units mode

N2 G90 G00 G54 X22.4 Y16.7 S750 M03 Start XY location at zero degrees

N3 G43 Z5.0 H01 M08 Clearance above the start point

N4 G01 Z0.6 F100.0 Subprogram must start at Z0.6

N5 M98 P8022 L6 Subprogram call - REPEAT six times (or K6)

N6 G90 G00 Z5.0 M09 Rapid to clearance above the part

N7 G91 G28 Z0 M05 Machine zero return for Z-axis

N8 G28 X0 Y0 Machine zero return for XY-axes

N9 M30 End of main program

%

O8022 (SUBPROGRAM)

G01 G91 Z-0.75 F100.0 Feed in the Z-axis by the depth increment

G03 I-11.0 Cut the full circle

M99 Subprogram end

%

It looks like a sim ple subprogram - and it is. Yet, some crit i cal cal cu la tions had to be done. The

first cal cu la tion is the start Z-po si tion - at Z0.6. Rea son? The re quired ab so lute depth of Z-3.9

must not be ex ceeded. The travel dis tance (dis tance-to-go) from the start po si tion to the full depth

must be equally di vis i ble by the cut ting depth, with no left overs. When the cut ting depth is pro -

grammed at 0.75 mm, it takes six equal depth cuts to reach the Z-3.9 fi nal depth:

0.6 + 3.9 = 4.5 Total travel distance (distance-to-go) = 4.5

4.5 / 0.75 = 6 Total number of EQUAL depth cuts = 6

When the tool starts at Z0.6 and then moves down incrementally by the amount of Z-0.75, it

will feed into the ab so lute tool po si tion of Z-0.15 dur ing the first cut. That means the first depth

cut will phys i cally be not as deep as all sub se quent depth cuts, be cause part of the 'depth' is in the

air (above the part). In subprograms, this kind of com pro mise is of ten nec es sary, as are many spe -

cial cal cu la tions.

In well de signed mac ros, compromise cal cu la tions are not re quired. Macros do need many cal -

cu la tions (as the pre vi ous ex am ples have shown), but once de vel oped and ver i fied, mac ros of fer

much greater flex i bil ity, stream lined ap proach to prob lem solv ing, and func tions not avail able in

subprograms (or stan dard pro grams).

Un der stand ing mac ros usu ally starts with un der stand ing subprograms. This ex am ple - and all

pre vi ous ex am ples - have shown that good macro de sign fol lows the same log i cal think ing that is

needed for the subprogram de vel op ment - macros just of fer more tools to do the job.
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Macro Version Development

Nor mally, cus tom mac ros are de vel oped from scratch - there is no need to cre ate a subprogram

first and then 'trans late' it. Based on the pro vided draw ing in Fig ure 48 (and all sim i lar draw ings), 

a gen eral mas ter tem plate of all re quired vari ables can be made (Fig ure 49):

Based on the draw ing specifications, the macro call will be de vel oped as ex pected:               

G65 P8109 X- Y- W- D- C- F-

+ where …

X = (#24) Center location of the circular groove in X-axis
Y = (#25) Center location of the circular groove in Y-axis
W= (#23) Groove diameter on the centerline (groove pitch diameter)!
D = (#7) Total depth of the groove
C = (#3) Cutting depth of the groove (maximum depth of each cut)
F = (#9) Cutting feedrate for the circle machining

Al though this macro only covers the most im por tant gen eral con cepts of con trol ling the groove

depth, it should not be very dif fi cult to de velop an other macro, one that com pletes both walls of

the groove, once the fi nal depth has been reached (fin ish ing cuts). Re gard less of the macro com -

plex ity (easy or dif fi cult), thor ough pre-plan ning is ab so lutely es sen tial. Good planning can save

many valu able hours of work and yield ex cel lent results.
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DescriptionVAR #

24X Groove center X-coordinate

Groove center Y-coordinate25Y

Groove center diameter23W

Distance between centers7D

Multiple depth circular groove macro

Maximum depth of cut3C

G65 P8109 X- Y- W- D- C- F-

MACRO O8109

D (#7)W (#23)

X (#24)

Y (#25)

C (#3)
Cutting feedrate9F

Figure 49

Assignment of variables for a typical circular groove cutting macro - Macro O8109
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In a com plete ap pli ca tion, the di men sions from Fig ure 48, will be trans ferred to the macro call: 

O0029
(X0Y0 LOWER LEFT CORNER - Z0 TOP OF PART)

N1 G21 Metric units mode

N2 G90 G00 G54 X22.4 Y16.7 S750 M03 Any reasonable XY location is OK

N3 G43 Z5.0 H01 M08 Clearance above the start point

N4 G01 Z0 F100.0 Macro must start at Z0

N5 G65 P8109 X22.4 Y16.7 W22.0 D3.9 C0.75 F100.0 Macro call and assignments

N6 G90 G00 Z5.0 M09 Rapid to clearance above the part

N7 G91 G28 Z0 M05 Machine zero return for Z-axis

N8 G28 X0 Y0 Machine zero return for XY-axes

N9 M30 End of main program

%

O8109 (MULTI DEPTH CIRCULAR GROOVE MACRO)

#11 = #4001 Store current G-code of Group 01

#13 = #4003 Store current G-code of Group 03

#23 = #23/2 Change groove pitch diameter to radius

G90 G00 X[#24+#23] Y#25 Rapid to XY start of groove at current Z-depth

#100 = #7/#3 Calculate exact number of depth passes

#101 = FIX[#100] Discard fractions of #100 for actual number of depth passes

#33 = 1 Reset counter of depth passes to the first one

WHILE[#33 LE #101] DO1 Check if more depth cuts are necessary

G01 G91 Z-#3 F#9 Feed in the Z-axis by the depth increment

G03 I-#23 Cut the full circle

#33 = #33+1 Increase depth pass counter by 1

END1 End the loop

IF[#100 EQ #101] GOTO999 Check if full depth reached

G90 G01 Z-#7 Cut to full depth of the groove

G03 I-#23 Cut the full circle

N999 G90 G00 Z0 Rapid to the top of part

G#11 G#13 Restore G-codes of Group 01 and Group 03

M99 End of macro

%

Just one short note re lat ing to the WHILE loop. If vari able #100 (ex act num ber of passes) is a

whole num ber, that num ber will also be come the num ber of depth passes. Oth er wise, there will be 

one more cir cu lar cut at the full groove depth, which could be as small as the min i mum in cre ment

of the se lected di men sional units (0.001 mm or 0.0001 inches), but never equal to or greater than

the full groove depth de fined in vari able as sign ment D (#7).

Mac ros in this chap ter demonstrate para met ric pro gram ming. Com pare the macro de vel op ment

with the subprogram ex am ple - both types are valid in their own way, but there are sig nif i cant dif -

fer ences. 
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Rect an gu lar Pocket Finishing

Ma chin ing a rect an gu lar pocket is very sim i lar to ma chin ing a cir cu lar pocket. In this chap ter,

both rough ing and fin ish ing ex am ples were shown for the cir cu lar pocket ma chin ing. As far as the 

gen eral pro gram ming ap proach is con cerned, there is not much dif fer ence in the macro de sign to

ma chine a rough ing toolpath for a rect an gu lar pocket, but there are some dif fer ences when it co -

mes to ma chin ing a fin ished rect an gu lar pocket. An other name for this type of ma chin ing is frame

ma chin ing or frame macro, be cause only the walls and cor ner ra di uses are ma chined.

Fig ure 50 shows a typ i cal draw ing of a rect an gu lar frame machining.

As with all macro ex am ples in this hand book, the ob jec tive is to de velop a macro for learn ing

pur poses, not nec es sar ily macro with all bells and whis tles. Be fore de vel op ing the macro, de cide

on the method of ma chin ing, for ex am ple:

1. Start at the pocket mid dle po si tion (part zero in the ex am ple)

2. Plunge-in to depth at one-half the pro grammed feedrate

3. Ap ply cut ter ra dius off set  G41 D-  along a lead-in lin ear mo tion

4. Ap proach the con tour as a lead-in arc

5. Ma chine the con tour back to the start ing point

6. Leave the con tour as a lead-out arc

7. Can cel cut ter ra dius offset -  G40  - along a lead-out lin ear mo tion

8. Re tract above the part

Items 1 and 8 will be in cluded in the main pro gram, items 2-7, as well as var i ous checks and

cal cu lated val ues, will be part of the macro. Fig ure 51 il lus trates the as sign ment of vari ables.
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The four sup plied di men sions will be come vari able as sign ments, the cen ter of the pocket is set

at X0Y0. The macro can be mod i fied for other XY co or di nates. Based on the en gi neer ing spec i fi -

ca tions pro vided by the draw ing, the frame fin ish ing macro call can be de vel oped:               

G65 P8110 W- H- Z- R- D- F-

+ where …

W= (#24) Pocket length along the X-axis
H = (#25) Pocket width along the Y-axis
Z = (#23) Pocket finished depth
R = (#18) Pocket corner radius 
D = (#7) Cutter radius offset number
F = (#9) Cutting feedrate for the pocket machining

Ma chin ing de ci sions and spe cial re quire ments will in flu ence the macro de sign. In this ex am ple,

the tool starts and ends at the pocket mid dle position. That may be a suit able po si tion for small and 

me dium size pock ets, but rather in ef fi cient for large pock ets. Other ad di tions to the macro can

include vari able part zero, an gu lar pocket ori en ta tion, fin ish ing the bot tom sur face, chang ing

feedrates in the cor ners, clear ance above the part, and so on. As pre sented, the macro does in -

clude check ing against miss ing vari able as sign ments, but does not check against wrong in put. It

also checks if the stored cut ter ra dius off set value is small enough to cut both the lead arcs and the

cor ner ra di uses. With a spe cific goal, the mac ros in this chap ter can be greatly en hanced.
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DescriptionVAR #

23W Dimension along X-axis

Dimension along Y-axis11H

Finished depth26Z

Pocket corner radius (4X)18R

Frame finishing macro

Cutter radius offset number7D

G65 P8110 W- H- Z- R- D- F-

MACRO O8110

Cutting feedrate9F

R(#18)

W(#23)

H(#11)

Z(#26)

#33

#31

#32

Figure 51

Assignment of variables for a typical rectangular pocket (frame) finishing macro - Macro O8110
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O0030

N1 G21 Met ric units

N2 G17 G40 G80 G49 TO3 Sta tus set tings and tool call

N3 M06 Tool change

N4 G90 G54 G00 X0 Y0 S800 M03 T04 Cen ter of pocket lo ca tion

N5 G43 Z10.0 H03 M08 Ini tial level clear ance

N6 65 P8110 W100.0 H60.0 Z8.0 R11.0 D3 F175.0 Macro call

N7 G90 G00 Z2.0 Clear above part

N8 G28 Z2.0 M09 Ma chine zero Z-axis only

N9 M01 Op tional stop

O8110 (RECTANGULAR POCKET FINISHING)

IF[#23 EQ #0] GOTO9101 Length along X-axis must be de fined

IF[#11 EQ #0] GOTO9102 Length along Y-axis must be de fined

IF[#18 EQ #0] GOTO9103 Cor ner ra dius must be de fined

IF[#7 EQ #0] GOTO9104 Cut ter ra dius off set num ber must be de fined

IF[#9 EQ #0] GOTO9105 Cut ting feedrate must be de fined

IF[#26 EQ #0] GOTO9106 Pocket (frame) depth must be de fined

#120 = #[2400+#7]+#[2600+#7] Re trieve the stored value of se lected tool off set

IF[#120 GE #18] GOTO9107 Off set value ra dius must be less than cor ner ra dius

#31 = [ABS[#11/2]] One half of the length along the Y-axis (pos i tive)

#32 = #31/2 Lead-in and lead-out line and arc

IF[#120 GE #32] GOTO9107 Off set value ra dius must be less than lead ra dius

#33 = [ABS[#23/2]] One half of the length along the X-axis

G90 G00 Z2.0 Ar bi trary Z-clearance

G01 Z-[ABS[#26]] F[#9/2] Half feedrate for plunge-in

G91 G01 G41 X-#32 Y-#32 D#7 F[#9*2] Lin ear lead-in with cut ter ra dius off set ON

G03 X#32 Y-#32 I#32 J0 F#9 Arc lead-in

G01 X[#33-#18] Lower bottom wall

G03 X#18 Y#18 I0 J#18 Lower right cor ner

G01 Y[2*[#31-#18]] Right wall

G03 X-#18 Y#18 I-#18 J0 Up per right cor ner

G01 X-[2*[#33-#18]] Top wall

G03 X-#18 Y-#18 I0 J-#18 Up per left cor ner

G01 Y-[2*[#31-#18]] Left wall

G03 X#18 Y-#18 I#18 J0 Lower left cor ner

G01 X[#33-#18] Lower bottom wall

G03 X#32 Y#32 I0 J#32 Arc lead-out

G01 G40 X-#32 Y#32 F[#9*2] M09 Lin ear lead-out with cut ter ra dius OFF

GOTO9999 By pass alarm mes sages

N9101 #3000 = 101 (LENGTH ALONG NOT DEFINED) Gen er ates error

N9102 #3000 = 102 (LENGTH ACROSS NOT DEFINED) Gen er ates error

N9103 #3000 = 103 (CORNER RADIUS NOT DEFINED) Gen er ates error

N9104 #3000 = 104 (RADIUS OFFSET NUMBER NOT DEFINED) Gen er ates error

N9105 #3000 = 105 (FEEDRATE MUST BE DEFINED) Gen er ates error

N9106 #3000 = 106 (POCKET DEPTH MUST BE DEFINED) Gen er ates error

N9107 #3000 = 107 (OFFSET VALUE TOO LARGE) Gen er ates error

N9999 M99 End of macro
%
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Note the use of the ABS func tion - re gard less of the user's in put, the macro con trols the out put

with the de sired sign. The ABS (ab so lute value) func tion guar an tees that a pos i tive of a neg a tive

in put value will al ways be trans lated into a pos i tive. For ex am ple, the fol low ing in put of the depth

could be ei ther pos i tive of neg a tive:

G65 P8110 ... Z8.0 ... positive data input

G65 P8110 ... Z-8.0 ... negative data input

Within the macro, the in put of vari able #26 (Z) is made pos i tive and the re quired out put is built 

in the macro - neg a tive Z-value is guar an teed, re gard less of the in put:

G01 Z-[ABS[#26]] F[#9/2] Z-depth is guaranteed to be negative

This is a very pow er ful pro gram ming tech nique - it an tic i pates the type of user's in put and pro -

vides a method that will al ways yield the ex pected re sult.

Thou sands more ex am ples could be cov ered in this chap ter - in fact, a whole thick book could

deal with ex am ples only - and that is ex actly the beauty of cus tom mac ros in gen eral and para met -

ric pro gram ming in par tic u lar. All ex am ples pre sented in this chap ter only cover sev eral va ri et ies

and only very few of the many pos si bil i ties that ex ist.

254 Chapter 20

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



CUSTOM CYCLES

The ma jor ity of CNC ma chine tool man u fac tur ers of fer a va ri ety of so phis ti cated op tions on

their CNC ma chines - op tions that are ba si cally hard ware ad di tions, ad di tions that must be sup -

ported by a spe cial soft ware code, in or der to make them use ful in a CNC pro gram. Typ i cal op -

tions in this cat e gory cover spe cial cool ant func tions, tool change func tions, bro ken tool de tec tors, 

op er a tions of pal lets, var i ous in ter faces, and many oth ers, too nu mer ous to list. The ma chine tool

ref er ence man ual that ac com pa nies ev ery CNC ma chine spec i fies that the ma jor ity of these op -

tions are con trolled by call ing a spe cial (i.e., non-stan dard) G-code or an M-code in the CNC part

pro gram (ac cept able as an in put to the con trol system).

Fanuc mac ros of fer similar pos si bil i ties - any ex pe ri enced macro programmer can cre ate and

subsequently use spe cial G-codes or M-codes (and some other codes as well). It is not very likely

that a pro duc tion oriented CNC pro gram mer you would de velop a G-code macro or an M-code

macro for some spe cial hard ware fea ture of the ma chine tool, but it can be very likely that a macro 

can be gen er ated as a spe cial pur pose soft ware, such as a unique re pet i tive ma chin ing. Some

typical ex am ples in this cat e gory be long to the fixed cy cles or canned cy cles. Fixed cy cles shorten

pro gram ming by elim i nat ing re pet i tive data. In re al ity, they are spe cial pur pose mac ros that Fanuc 

pro vides as a stan dard pro gram ming fea ture (built-in). We call these mac ros by an es tab lished

G-code, for ex am ple, by G81 com mand for the stan dard drill ing cy cle.

Special Cycles

As useful as the stan dard fixed cy cles are in their own pur pose, some times there is a need for a

cy cle that is ei ther slightly dif fer ent from the ex ist ing cy cle, or is a to tally new cy cle - a cycle that

will have the same look and feel of the 'tra di tional' fixed cy cles. Take, for ex am ple, a fixed cy cle

that re quires a cer tain feedrate dur ing the cut ting motion, but a dif fer ent feedrate dur ing the re tract 

motion. No standard fixed cy cle can do it, but with a spe cial macro, it can be done.

Normally, Fanuc con trols al low stor age of a macro as a spe cial type of subprogram with vari -

able data, us ing the O- ad dress. Such a macro is called by the G65 macro call com mand, fol lowed 

by the macro pro gram num ber P- and the re quired vari able as sign ments. In order to de fine a new

macro as a G-code cy cle or a spe cial M-function, there are only three con sid er ations to fol low: 

o Select the G-code or the M-code to be used no duplication with existing codes

o Select the macro program number from a given range depends on the control system

o Set the system parameters of the machine control system depends on the control system

It is im por tant that nei ther the new G-code nor the M-code is al ready avail able at the con trol. In

other words, it re quires very good knowl edge of all G/M codes the con trol sys tem uses, so any

new cy cle se lec tion is unique. Knowing which sys tem pa ram e ter is to be used to reg is ter the se lec -

tion is also very important. The equiv a lent pa ram e ter num bers vary from con trol to con trol, so

assuring the cor rect data en try is imperative.
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Options Available

Al though the most com mon pro gram ming codes that are used as spe cial cy cles are the G-codes,

M-functions are of ten used to al low a hard ware func tion call by the spe cial M-code, se lected by

the CNC macro pro gram mer (of ten at the man u fac turer's level).

Typically, the fol low ing ad dresses can be used for ei ther a macro call or a subprogram call:  

o G-code macro call ... common

o M-code macro call ... common

o M-code subprogram call ... less common

o S-code subprogram call ... less common

o T-code subprogram call ... less common

o B-code subprogram call ... less common

G-code Macro Call

To tal of 10 (that is ten) of G-codes can be de fined as spe cial cus tom mac ros that can be called by 

a G-code. Only the range be tween G01 and G255 is al lowed, with the ex cep tion of G65, G66,

and G67 codes. Pos i tive value is the same as G65, neg a tive value is the same as G66 (or G66.1).

De pending on the con trol sys tem, the sys tem pa ram e ters re lated to the G-code Macro Call are

listed in the fol low ing ta bles (dif fer ent con trol sys tems are shown):

FANUC SYSTEM 0

G-code Macro Call - 10 options available - G65, G66 and G67 excluded

Parameter Number Description  <Valid data 1 - 255>

220 G-code that calls the custom macro stored in program O9010

221 G-code that calls the custom macro stored in program O9011

222 G-code that calls the custom macro stored in program O9012

223 G-code that calls the custom macro stored in program O9013

224 G-code that calls the custom macro stored in program O9014

225 G-code that calls the custom macro stored in program O9015

226 G-code that calls the custom macro stored in program O9016

227 G-code that calls the custom macro stored in program O9017

228 G-code that calls the custom macro stored in program O9018

229 G-code that calls the custom macro stored in program O9019
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FANUC SYSTEM 10 / 11 / 15

G-code Macro Call - 10 options available - G65, G66 and G67 excluded

Parameter Number Description  <Valid data 1 - 255>

7050 G-code that calls the custom macro stored in program O9010

7051 G-code that calls the custom macro stored in program O9011

7052 G-code that calls the custom macro stored in program O9012

7053 G-code that calls the custom macro stored in program O9013

7054 G-code that calls the custom macro stored in program O9014

7055 G-code that calls the custom macro stored in program O9015

7056 G-code that calls the custom macro stored in program O9016

7057 G-code that calls the custom macro stored in program O9017

7058 G-code that calls the custom macro stored in program O9018

7059 G-code that calls the custom macro stored in program O9019

FANUC SYSTEM 16 / 18 / 21

G-code Macro Call - 10 options available - G65, G66 and G67 excluded

Parameter Number Description  <Valid data 1 - 255>

6050 G-code that calls the custom macro stored in program O9010

6051 G-code that calls the custom macro stored in program O9011

6052 G-code that calls the custom macro stored in program O9012

6053 G-code that calls the custom macro stored in program O9013

6054 G-code that calls the custom macro stored in program O9014

6055 G-code that calls the custom macro stored in program O9015

6056 G-code that calls the custom macro stored in program O9016

6057 G-code that calls the custom macro stored in program O9017

6058 G-code that calls the custom macro stored in program O9018

6059 G-code that calls the custom macro stored in program O9019
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M-functions Macro Call

To tal of 10 (ten) of M-func tions can be de fined as cus tom mac ros called by an M-func tion. Only 

the range be tween M01 and M97 is al lowed. M-func tions are NOT passed to the PMC (Pro gram -

ma ble Ma chine Con trol), un less they are pro grammed in the macro body.

De pending on the con trol sys tem, the sys tem pa ram e ters re lated to the M-function Macro Call

are listed in the fol low ing ta bles:

FANUC SYSTEM 0

M-code Macro Call - 10 options available

Parameter Number Description  <Valid data 1 - 97>

230 M-code that calls the custom macro stored in program O9020

231 M-code that calls the custom macro stored in program O9021

232 M-code that calls the custom macro stored in program O9022

233 M-code that calls the custom macro stored in program O9023

234 M-code that calls the custom macro stored in program O9024

235 M-code that calls the custom macro stored in program O9025

236 M-code that calls the custom macro stored in program O9026

237 M-code that calls the custom macro stored in program O9027

238 M-code that calls the custom macro stored in program O9028

239 M-code that calls the custom macro stored in program O9029

FANUC SYSTEM 10 / 11 / 15

M-code Macro Call - 10 options available

Parameter Number Description  <Valid data 1 - 97>

7080 M-code that calls the custom macro stored in program O9020

7081 M-code that calls the custom macro stored in program O9021

7082 M-code that calls the custom macro stored in program O9022

7083 M-code that calls the custom macro stored in program O9023
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7084 M-code that calls the custom macro stored in program O9024

7085 M-code that calls the custom macro stored in program O9025

7086 M-code that calls the custom macro stored in program O9026

7087 M-code that calls the custom macro stored in program O9027

7088 M-code that calls the custom macro stored in program O9028

7089 M-code that calls the custom macro stored in program O9029

FANUC SYSTEM 16 / 18 / 21

M-code Macro Call - 10 options available

Parameter Number Description  <Valid data 1 - 97>

6080 M-code that calls the custom macro stored in program O9020

6081 M-code that calls the custom macro stored in program O9021

6082 M-code that calls the custom macro stored in program O9022

6083 M-code that calls the custom macro stored in program O9023

6084 M-code that calls the custom macro stored in program O9024

6085 M-code that calls the custom macro stored in program O9025

6086 M-code that calls the custom macro stored in program O9026

6087 M-code that calls the custom macro stored in program O9027

6088 M-code that calls the custom macro stored in program O9028

6089 M-code that calls the custom macro stored in program O9029

Ma chine tool man u fac tur ers of ten pro vide time sav ing pro ce dures into their hard ware. Cre at ing 

new M-func tions to ac ti vate such pro ce dures is con sis tent with the use of 'nor mal' M-func tions. In 

or der not to con flict with any ex ist ing func tions, it is not un usual to see M-func tions that have

three dig its (for ex am ple, M123) or even be long to a cer tain group that shares cer tain char ac ter is -

tics (for ex am ple, M201 to M220).

The var i ous function codes specified as subprogram calls are used less fre quently, and in many

ways are sim i lar to the de scribed macro calls. Al ways con sult the Fanuc ref er ence man ual for de -

tails re lat ing to a par tic u lar con trol model fea tures.
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G13 Circle Cutting Cycle

In the pre vi ous chap ter, a rough ing and a fin ish ing macro is de scribed for cir cu lar cuts. It is

quite com mon in CNC pro gram ming to ma chine a cir cu lar pocket. Whether it is a util ity cir cu lar

pocket with min i mum tol er ances (such as most counterboring op er a tions), or a pocket where the

di am e ter and the depth must be of very high ac cu racy, there is a way to de fine a macro or a spe cial 

cy cle (macro based) for this type of ma chin ing. Once de vel oped, the macro should be very easy to 

use, min i miz ing the pos si bil ity of an in put er ror. Some con trols do have G13 macro command,

for ex am ple, many Yasnac con trols. A Fanuc macro can be de vel oped that will be fully con sis tent

with the Yasnac in put - such a pro gram can be come more por ta ble be tween dif fer ent con trols, if

de signed properly. Yasnac's G12 cy cle is sim i lar to G13, ex cept that it is used for con ven tional

mill ing, rather than climb milling.

In or der to ap pre ci ate the ef fect of pos si bil i ties of fered, con sider the two most com mon ways of

cut ting a cir cu lar pocket - both meth ods are il lus trated in Fig ure 52:

In the left ex am ple (a), rather a crude but sim ple cir cu lar cut ting takes place. Be cause of the tool 

mark that is typ i cally left on fin ished wall, this method is only good for cir cu lar cuts when the sur -

face fin ish and the over all di men sions are not too crit i cal. The sec ond method (b), shown on the

right, is much more pre ci sion ori ented, but it re quires sev eral ex tra cal cu la tions that may slow

down the pro gram ming pro cess. In both cases, the cut ting tool plunges into the depth at the cen ter

of the cir cu lar pocket, then con tin ues as a lin ear mo tion, be fore any arc can be pro filed. The cut -

ting mo tion also ter mi nates at the cen ter of the cir cle. There is a very im por tant rea son for this

toolpath - to main tain pre ci sion di men sions and tol er ances, cut ter ra dius off set has to be in ef fect,

and it must be ap plied only dur ing a lin ear mo tion! The CNC op er a tor stores the cut ter ra dius in

the ap pro pri ate off set reg is ter and the macro will do the rest - all with out the G41 cut ter ra dius

off set command.

  The macro that will be stored as a cy cle will elim i nate the need for the straight lin ear lead-in

and lead-out and will use only three ma jor mo tions - see Fig ure 53:

o Lead-in arc - from the circular pocket center Step 1 in the illustration

o Full circle machining Step 2 in the illustration

o Lead-out arc - to the circular pocket center Step 3 in the illustration
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Figure 52

Typical toolpath applied to cutting
a circle (circular pocket)

a/ Straight lead-in/lead/out

b/ Tangential lead-in/lead/out
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 The cut ter ra dius offset us ing the G41 com mand will not be nec es sary, since the macro reads

the ra dius off set value di rectly from the con trol register. In fact, it would be wrong to pro gram

G41. With out the G41, only arcs can be programmed, with out lin ear lead-in and lead-out tool

mo tions. The Fig ure 53 also shows as sign ments of the three vari ables used in the macro.

The vari able data is short for this macro - only three assignments are required:

o The pocket size - normally given on the drawing as a diameter Variable D (#7)

o The tool offset number where the cutter radius is stored Variable T (#20)

o The cutting feedrate Variable F (#9)

There are mac ros sim i lar to this one that require the pocket ra dius in put rather than its di am e ter. 

Selecting the in put of a di am e ter is a better choice, since cir cu lar holes or pock ets are dimensioned 

as diameters. For the in ter nal cal cu la tions, when the ra dius is needed, a sim ple cal cu la tion will

store the ra dius as one half of the given di am e ter.

For most ma chin ing ap pli ca tions, the climb mill ing mode built into the macro (cy cle G13) is the 

de sir able way of metal re moval. How ever, the macro is not suit able to cut in con ven tional mode,

should such need arise. For that pur pose, another macro (cy cle G12) will have to be de vel oped.

Es sen tially, both mac ros will be the same, ex cept the ma chin ing or der of 1-2-3 for the climb mill -

ing mode will be re versed to 3-2-1 for the con ven tional mode (G03 will change to G02). Both

mac ros (cy cles) are listed in this chap ter.
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DescriptionVAR #

Circular pocket diameter7D

Circle cutting cycle G13

Cutter radius offset number20T

G13 D- T- F-

MACRO O8111

Cutting feedrate9F

DIA

D (#7)

#31

#33#33

Start macro at XY center
and at pocket bottom

VAR

1

3
2

T (#20)

Radius offset
NUMBER

see text

#32

Figure 53

Illustration for the development of G13 circle cutting macro cycle (climb milling mode)
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Macro Call - Normal

Since the pre vi ous macro ex am ples, there has been some or der es tab lished in their num ber ing.

In clud ing the last chap ter, this is the 11th macro ex am ple, so its num ber should be O8111. If the

stored macro is called the nor mal way, the way any other macro was called so far, the pro gram

num ber must be as signed first. For ex am ple, if the macro pro gram is as signed num ber O8111, the 

macro will be called by a sim ple G65 state ment:

G65 P8111 D60.0 T56 F200.0

+ where …

D = (#7) Circular pocket diameter
T = (#20) Cutter radius offset number      Do not enter the actual cutter radius with T !!!
F = (#9) Cutting feedrate for the circle machining

This is an en tirely nor mal macro and the pro gram num ber as signed is not too im por tant, as long 

as it is unique and fol lows stan dard conventions.

Macro Call - as a Special Cycle

How ever, this type of ma chin ing has all the fea tures ex pected in a fixed or canned cy cle - af ter

all - it is a gen u ine fixed cy cle. In or der to ap pear as a cy cle to the CNC pro gram mer and/or op er -

a tor, it also has to have the ‘look and feel’ of a true cy cle, which means it needs a G-code. So far,

that has not been achieved with the G65 macro call state ment. In or der to trans fer the macro into a 

true fixed cy cle, two changes must take place:

o Assign the macro program number from the fixed range provided by the control system

o Register the selected G-code (or the M-code) as a parameter setting

From the sev eral ta bles listed ear lier in this chap ter, it is ap par ent that re gard less of the con trol

sys tem, the num ber of mac ros that can be called as cy cles us ing the G-code is only 10 (ten), and

these mac ros must be stored within a range of pro gram num bers be gin ning with O9010 and end ing 

with O9019. This range is com mon to all con trol sys tems (a sim i lar range is also avail able for the

M-func tions). For rea sons of log i cal as so ci a tion and prac ti cal con ve nience, the new macro will be 

named O9013. Of course, this change will also change the G65 macro call - but noth ing else -

there is no other ben e fit:

G65 P9013 D60.0 T56 F200.0

So far, the change was only su per fi cial. One more step is crit i cal and nec es sary - and that is to

reg is ter the pre ferred G-code into a con trol sys tem pa ram e ter. Since the G13 G-code has been se -

lected as the cy cle com mand (macro call), the num ber 13 has to be reg is tered in the pa ram e ter that 

cor re sponds to the call ing pro gram, which is O9013.

Here are the pa ram e ters for all three dif fer ent con trol groups, that will be ap plied to the ex am -

ple pre sented (G13 stored as O9013) - see the ear lier ta bles for com plete list ing:
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Fanuc control system Parameter Number

Fanuc 0 0223

Fanuc 10/11/15 7053

Fanuc 16/18/21 6053

Only af ter all these set tings have been done, the new macro can be called as a true cy cle. In this

case, it will be cy cle G13, which looks like many other Fanuc cy cles:

G13 D60.0 T56 F200.0

The vari able as sign ments have not changed, just the method of call ing them. The G-code could

have been any num ber within 1 to 255 range, with the ex cep tion of G65, G66 and G67. Be fore

the ac tual macro can be eval u ated, keep in mind that M-codes can be set in a very sim i lar way,

also us ing the above ta bles.

The cir cu lar pocket cy cle macro is fairly sim ple to un der stand, par tic u larly with the com mented 

de scrip tions on the side. Yet, the def i ni tion of vari able #32 may be a bit un usual and may need

some ex pla na tion. Study the macro first, then the 'mys tery' of the #32 will be revealed.

O9013 (G13 CIRCULAR MILLING CYCLE - CLIMB MILLING)

#31 = ABS[#7]/2 Radius of the circular pocket - guaranteed positive

#11 = #4001 Store current G-code of Group 01 (motion commands)

#13 = #4003 Store current G-code of Group 03 (absolute/incremental)

#32 = #31-#[2000+#20] Actual radius of the circle to cut - see explanation !!!

IF [#32 LE 0] GOTO998 Generate error if the radius offset value is too large

#33 = #32/2 Calculated lead-in/lead-out radius

G91 G03 X#32 I#33 J0 F#9 Lead-in arc toolpath - Step 1 or R#33 instead of I/J

I-#32 Full circle toolpath - Step 2 R not allowed for 360°

X-#32 I-#33 J0 Lead-out arc toolpath - Step 3 or R#33 instead of I/J

G#11 G#13 Restore original G-codes of Group 1 and Group 3 

GOTO999 Bypass error message

N998 #3000 = 13 (OFFSET TOO LARGE)Alarm condition - refers to actual offset value setting

N999 M99 End of macro

%

For con ven tional mill ing, the G12 cy cle can be de vel oped by mak ing only a very few changes:

O9012 (G12 CIRCULAR MILLING CYCLE - CONVENTIONAL MILLING)

#31 = ABS[#7]/2 Radius of the circular pocket - guaranteed positive

#11 = #4001 Store current G-code of Group 01 (motion commands)

#13 = #4003 Store current G-code of Group 03 (absolute/incremental)

#32 = #31-#[2000+#20] Actual radius of the circle to cut - see explanation !!!

IF [#32 LE 0] GOTO998 Generate error if the radius offset value is too large

#33 = #32/2 Calculated lead-in/lead-out radius

G91 G02 X#32 I#33 J0 F#9 Lead-in arc toolpath - Step 3 or R#33 instead of I/J

I-#32 Full circle toolpath - Step 2 R not allowed for 360°
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X-#32 I-#33 J0 Lead-out arc toolpath - Step 1 or R#33 instead of I/J

G#11 G#13 Restore original G-codes of Group 1 and Group 3 

GOTO999 Bypass error message

N998 #3000 = 12 (OFFSET TOO LARGE)Alarm condition - refers to actual offset value setting

N999 M99 End of macro

%

Detailed Evaluation of Offset Value

Some pro gram mers may be sur prised to find that the cut ter ra dius offset G41 is not re quired.

Does that mean the pocket di am e ter can not be con trolled for high pre ci sion re quire ments? Not at

all. At the ma chine, the CNC op er a tor will han dle the off set ex actly the same way as in any other

ap pli ca tion. Here is how it works. There are two main el e ments that make the offset work, with -

out the G41 command.

o The T (#20) variable in the G13 call refers to the offset number that stores the cutter radius

o The definition of variable #32 in the macro that retrieves the actual stored offset amount

In the ex am ple, vari able #20 (T) was stored with the value of 56 (tool length and ra dius shared

in the same reg is try). The pocket di a m e ter is 60 mm, so a suit able cut ter should be greater than

60/3 (to clean the pocket bot tom), say Æ22. If the dif fer ence be tween the pocket and cut ter ra dius

is too great, the pocket bot tom sur face will not be fully cleaned. Dur ing setup, un der ideal con di -

tions, the CNC op er a tor in puts the cut ter ra dius (11 mm), as the ra dius off set value, into the off set 

num ber 56 (as sum ing a sys tem pa ram e ter is set to ra dius en try). So far, noth ing is re ally new.

The 'prob lem' is with the way Fanuc han dles this in for ma tion for dif fer ent fea tures of its con -

trol mod els. For tu nately, at least in this case, the model con trol num bers do not mat ter too much,

be cause the same ap proach ap plies to the Fanuc 10/11/15/16/18/21 con trols (Fanuc 0 is ex cluded

be cause of its lim ited ap pli ca tions). The so lu tion is based on these two very im por tant fea tures: 

o Tool offset memory type three groups - A, B, and C

o The number of available offsets two groups - 200 and less, and over 200

Both of these groups have been de scribed ear lier in Chap ter 11 - Tool Off set Vari ables. In this

chap ter, the fo cus is on the off sets for the ra dius set ting, using the two re lated ta bles:

200 OFFSETS AND LESS

Offset
Number

Memory A Memory B Memory C

Geometry / Wear Geometry Wear Geometry - D Wear - D

1 #2001 #2001 #2201 #2401 #2601

2 #2002 #2002 #2202 #2402 #2602

3 #2003 #2003 #2203 #2403 #2603

4 #2004 #2004 #2204 #2404 #2604

5 #2005 #2005 #2205 #2405 #2605

6 #2006 #2006 #2206 #2406 #2606
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… … … … … …

… … … … … …

200 #2200 #2200 #2400 #2600 #2800

OVER 200 OFFSETS

Offset
Number

Memory A Memory B Memory C

Geometry / Wear Geometry Wear Geometry - D Wear - D

1 #10001 #10001 #11001 #12001 #13001

2 #10002 #10002 #11002 #12002 #13002

3 #10003 #10003 #11003 #12003 #13003

4 #10004 #10004 #11004 #12004 #13004

5 #10005 #10005 #10005 #12005 #13005

6 #10006 #10006 #11006 #12006 #13006

… … … … … …

… … … … … …

999 #10999 #10999 #11999 #12999 #13999

From the ta bles is clear that the def i ni tion of vari able #32 in the macro body will be dif fer ent

for the type of off set mem ory and the num ber of avail able off sets. Ac tu ally, the in put of vari able

#32 (as shown in the macro) is only good for mem ory Type A, and less than 200 off sets:

#32 = #31 - #[2000+#20] SHARED OFFSET REGISTRY

For the ex am ple, #32 re turns the re sult of:

#32 = 30.0 - #[2000 + 3] = 30.0 - #2003 = 30.0 - 11.0 = 19.0

Study the cal cu la tion - try to un der stand how Fanuc sys tem eval u ates it - un der stand ing many

other macro fea tures, in clud ing those that are nor so ob vi ous, will fol low very quickly. A sim i lar

ex am ple ap plies to the same set tings as above, but is used only for the Type C off set mem ory and

more than 200 off sets - note that both the Ge om e try and Wear off sets must be con sid ered:

#32 = #31 - [#[12000+#20] + #[13000+#20]]

Since the Type C off set mem ory is quite com mon on the mod ern high end con trol sys tems, but

the num ber of avail able off sets is typ i cally less than 200, let’s look at one last ex am ple - Type C

off set mem ory, with 200 or less off sets avail able - again, note that both the Ge om e try and Wear

off sets are con sid ered, but with dif fer ent vari able num bers:

#32 = #31 - [#[2400+#20] + #[2600+#20]]
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In last sev eral ex am ples, many typ i cal macro ap pli ca tions were eval u ated, each time with a lit tle 

dif fer ent focus. Al though the pre sented ap pli ca tions have been shown using par tic u lar pro gram -

ming techniques, the prin ci ples de scribed here ap ply to many sim i lar ap pli ca tions, par tic u larly

those that ap ply to var i ous tool off sets in dif fer ent ways.

Counterboring Application

The G13 cy cle is ideal to be used for counterboring pre vi ously drilled holes us ing a cir cu lar

toolpath with an end mill rather than by a plunge cut. Pro gram ex am ple that fol lows the draw ing

(Fig ure 54) uses the pre vi ously stored cir cu lar cut ting macro G13:

O0031
N1 G21
(PART ZERO = LOWER LEFT CORNER AND TOP OF PART))

   <... spot drill and drill operations ...>

N31 T03 T03 = 10 mm end mill

N32 M06 Tool change

N33 G90 G54 G00 X25.0 Y37.5 S750 M03 Left counterbore location

N34 G43 Z2.0 H03 M08 Clearance above part

N35 G01 Z-7.5 F250.0 Feed-in to counterbore depth

N36 G13 D25.5 T53 F180.0 Macro call as a cycle appears 'natural' 

N37 G00 Z2.0 Clearance above part

N38 X75.0 Right counterbore location

N39 G01 Z-7.5 F250.0 Feed-in to counterbore depth

N40 G13 D25.5 T53 F180.0 Macro call as a cycle appears 'natural' 

N41 G28 Z2.0 M09 Machine zero return

N42 M30 End of program

%

Since the Off set Mem ory Type A se lec tion (shared off sets) is part of the macro, the stored ra dius

off set must have a dif fer ent num ber than the stored tool length off set. A dif fer ence of 50 is how in

the ex am ple (H01 + 50 => D51).
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Material: Aluminum plate 100 x 75 x 20 mm
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Figure 54

Drawing example for using circle
cutting macro (special cycle G13)
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EXTERNAL OUTPUT

Nor mally, the cur rent value of any vari able can be viewed right on the con trol dis play screen.

Of ten, that is not enough. For ex am ple, when trou ble shoot ing a macro that con tains many vari -

ables, it may be nec es sary to check the cur rent vari ables in dif fer ent parts of the macro, at dif fer -

ent pro cess ing stages. Fanuc con trols pro vide sev eral com mands that can out put vari able val ues

and var i ous char ac ters, through the RS-232C port (I/O in ter face - In put/Out put) to var i ous ex ter -

nal de vices. These com mands are called Ex ter nal Out put Com mands, and there are four of them:

  POPEN   PCLOS  

and

  BPRNT   DPRNT  

Port Open and Port Close Commands

In or der to make any two com puter based com mu ni ca tion de vices to trans fer data, the de vices

must be set to a sin gle match ing mode that al lows the data trans fer. When trans fer ring data from a

Fanuc con trol sys tem, the out put port has to be ini ti ated, which means the port has to be set to an

open state. Once the data trans fer had taken place, the con trol port must be closed - set to a closed

state. On the re ceiv ing end, the de vice used will have to be set to the state that can ac cept the data.

Term used in com mu ni ca tions be tween de vices are read and write, reader and puncher, up load

and down load, in put and out put, ON and OFF, etc.

The com mand POPEN (Port Open) pro vides the con nec tion to an ex ter nal In put/Out put de vice

(I/O unit). The two typ i cal units in this cat e gory are the tape puncher/reader unit and a per sonal

com puter. The vari able data can be stored on a punched tape (the older method), or on a com puter 

disk as a text file (the mod ern method). In a cus tom macro, the POPEN com mand must al ways be

set at the be gin ning, be fore the trans fer data are spec i fied. Fanuc con trol out puts the DC2 con trol

code. Think of the POPEN as the ‘con nect’ com mand.

The com mand PCLOS (Port Closed) can cels the con nec tion to an ex ter nal In put/Out put de vice

(I/O unit). When all data had been trans ferred, the com mu ni ca tion lines must be closed with the

PCLOS com mand. Fanuc con trol out puts the DC4 con trol code. Think of the PCLOS as the ‘dis -

con nect’ com mand that should never be pro grammed, un less the POPEN com mand is in ef fect. 

A macro containing the POPEN command at the beginning
must also contain the PCLOS command at the end
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Data Output Functions

BPRNT and DPRNT func tions must al ways be used be tween the POPEN and PCLOS functions

BPRNT and DPRNT func tions are used to ex e cute the ac tual data trans fer in two dif fer ent forms:

o BPRNT ... transfers the output in a binary format, useful for data only

o DPRNT ... transfers the output in a plain text format, data & text, (ISO or ASCII text)

In prac tice, the ma jor ity of out puts to ex ter nal de vices are in the DPRNT text for mat, par tially

be cause of its out put of dec i mal places. Text for mat out put is eas ier to read and in ter pret, whether

it is printed as a hard copy or dis played on the com puter screen.

Each for mat takes sev eral ar gu ments, de scrib ing:

o One or more characters to be output - usually headings and similar identifications

o Variable number that is being printed

o Control of decimal places

There is a small, but im por tant dif fer ence in the for mat for each com mand.

BPRNT Function Description

The BPRNT func tion writes a bi nary out put. The pro gram ming for mat is shown in Fig ure 55.

In the BPRNT func tion, the char ac ters can be the cap i tal let ters of the Eng lish al pha bet (A to Z),

all dig its 0 to 9, and sev eral spe cial char ac ters (+ - / *  ...). An as ter isk sym bol (*) will be out -

put as the space code. The End-Of-Block char ac ter (EOB) will be out put ac cord ing to the set ting

of the ISO code. Vari ables that are va cant (null vari ables) can not be out put on older Fanuc Sys tem 

Model 6 (alarm #114 will re sult in this case), how ever, they will be out put as 0 on Fanuc con trols

10/11/15/16/18/21. All vari ables are stored with a dec i mal point and the num ber of dec i mal

places af ter the dec i mal point must be spec i fied in brack ets, fol low ing the vari able num ber (see

item c in the above il lus tra tion).
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[a #b [c] ... ]

Character(-s) to print
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DPRNT Function Description

The DPRNT func tion writes a plain text out put. The pro gram ming for mat is shown in Fig ure 56.

In the DPRNT func tion, the char ac ters can be the cap i tal let ters of the Eng lish al pha bet (A to Z),

all dig its 0 to 9, and sev eral spe cial char ac ters (+ - / *  ...). As ter isk (*) will be out put as the

space code. The End-of-Block char ac ter (EOB) will be out put ac cord ing to the set ting of the ISO

code. Vari ables that are va cant (null vari ables) can not be out put on Fanuc 6 (alarm #114 will re -

sult), how ever, they will be out put as 0 on Fanuc 10/11/15/16/18/21. Since the out put for mat de -

pends on the set ting of some sys tem pa ram e ters, let’s look at the set tings of the rel e vant

pa ram e ters. There is a dif fer ent be tween some con trols.

Parameter Settings - Fanuc 10/11/12/15

In or der to make the data trans fer work cor rectly, some sys tem re lated pa ram e ters have to be set 

ac cord ingly. The fol low ing pa ram e ters have to be set for Fanuc con trols 10/11/12/15:

Parameter Number Setting value Type

0021 Output device interface number for foreground Byte

+ where the setting value can be …

1: Puncher to be connected with CD4A of BASE0     (RS-232C interface 1)
2: Puncher to be connected with CD4B of BASE0     (RS-232C interface 2)
3: Puncher to be connected with CD4 of serial port   (RS-232C interface 3)
4: DNC1
13: Puncher to be connected with CD3 of serial port   (RS-222 interface)
15: MMC DNC operational interface
16: MMC UPLOAD/DOWNLOAD interface

Note that PUNCHER can be any external RS-232 device.
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Dur ing the con trol op er a tion, press the RESET but ton when the re quired pa ram e ters are set.

Normally, se lect the suit able ‘Puncher to be con nected with ...’ set ting, de pend ing on the con fig u -

ra tion of the com mu ni ca tions de vices. The ac tual mes sage may be dif fer ent.

NOTE - some mi nor dis tinc tions ap ply be tween Fanuc 10/11 and Fanuc 15 !

Parameter Number Setting value Type

5001  to  5162

This series of parameters control the various 
settings of the external interface, such as the 
I/0 device number (up to six), baud rate,
stop bits, etc. The parameters in this range
should be set in coordination with the setting 
of parameter 0021.

Byte

Parameter Number Setting value Type

7000 - Bit #7 (PRT)
This parameter controls the spacing of
leading zeros, for the output generated by
the DPRNT command.

Bit

+ where Bit #7 is …

0: A space is output when reading zero with the DPRNT command
1: Nothing is output when reading zero with the DPRNT command

The DPRNT function al ways re quires the spec i fi ca tion of both num ber of dig its (items c and d in 

the il lus tra tion) - be fore the dec i mal point (the in te ger num ber of the vari able) and af ter the dec i -

mal point (the ac tual num ber of dec i mal places).

Metric vs. Inch Format

In typ i cal CNC ap pli ca tions, the met ric for mat (G21) takes 5 dig its be fore the dec i mal point,

and 3 dig its af ter the dec i mal point (eight dig its to tal). Since the dec i mal point is le git i mate in this

for mat, it is of ten re ferred to as the 5.3 for mat or [53] for mat. When the Eng lish mea sure ments

units are used (G20), the inch for mat takes 4 dig its be fore the dec i mal point, and 4 dig its af ter the

dec i mal point (also eight dig its to tal). Since the dec i mal point is le git i mate in this for mat as well, it 

is re ferred to as the 4.4 for mat or [44] for mat. Ei ther of these two com mands are ap pli ca ble to

all con trols. For ex am ple, if the lo cal vari able #100 spec i fied in the macro pro gram con tains a

value of 123.45678 units (met ric or Eng lish), and the DPRNT com mand is spec i fied as ...

DPRNT[X-VALUE***#100[53]] ... each asterisk outputs a space

.... then the out put value will de pend on the pa ram e ter set ting (var ies for dif fer ent con trols): 

X-VALUE   123457    ... if the pa ram e ter #7000 is set to 0                      ... or:

X-VALUE   123.457      ... if the pa ram e ter #7000 is set to 1
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Variables must be numeric values with no more than the total of eight digits

It may be nec es sary to ex per i ment with the out put for mat ting, to match per sonal pref er ences.

Parameter Settings - Fanuc 16/18/21

In or der to make the data trans fer work cor rectly, some sys tem re lated pa ram e ters have to be set 

ac cord ingly. The fol low ing pa ram e ters have to be set for Fanuc con trols 16/18/21:

Parameter Number Setting value Type

0020
I/O channel:

Selection of an input/output device
Byte

+ where the setting value can be …

0: The device associated with Channel 1 is selected (JD5A connection on main board)
1: The device associated with Channel 1 is selected (JD5A connection on main board)
2: The device associated with Channel 2 is selected (JD5B connection on main board)
3: The device associated with Channel 3 is selected (Option1 board connection)

Se lect the suit able de vice set ting, de pend ing on the con fig u ra tion of par tic u lar com mu ni ca tions

de vices. Typically, the I/O chan nel is set within the fol low ing range of pa ram e ters:

Parameter Number Setting value Type

0100 to 0149

This series of 150 parameters control the
various settings of the external interface, such
as the I/O device number (up to three), baud
rate, stop bits, etc. The parameters in this
range should be set in coordination with the
setting of parameter 0020

Bit and Byte

Reader/puncher interface is set by the following parameters:

I/O Channel Parameters used Type

0 #101,  #102,  #103

Bit and Byte1 #111,  #112,  #113

2 #112,  #122,  #123

Note - Fanuc cas sette or floppy can not be used for puncher out put !
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The last pa ram e ter set ting is for the con trol of lead ing ze ros:

Parameter Number Setting value Type

6001 - Bit #1 (PRT)
This parameter controls the spacing of leading
zeros, for the output generated by the DPRNT
function

Bit

+ where bit #1 is …

0: A space is output when reading zero with the DPRNT command
1: Nothing is output when reading zero with the DPRNT command

As men tioned ear lier, the DPRNT com mand al ways re quires the spec i fi ca tion of both num ber of 

dig its (items c and d in the il lus tra tion) - be fore the dec i mal point (the in te ger num ber of the vari -

able) and af ter the dec i mal point (the ac tual num ber of dec i mal places). For ex am ple, if vari able

#100 con tains a value of 123.45678, and the DPRNT com mand is:

DPRNT[X-VALUE***#100[53]]

then the out put value will de pend on the pa ram e ter set ting (var ies for dif fer ent con trols):

X-VALUE   123457 ... if the pa ram e ter #6001 is set to  0                     ... or:

X-VALUE   123.457 ... if the pa ram e ter #6001 is set to  1

Variables must be numeric values with no more than the total of eight digits

Structure of External Output Functions

Al though the POPEN func tion is re quired be fore ei ther BPRNT or DPRNT can be used, it is not

nec es sary to im me di ately close the re ceiv ing de vice af ter the data trans fer had been com pleted. If

an other data trans fer is re quired, just call an other BPRNT or DPRNT com mand. Pro gram the

PCLOS func tion only af ter all trans fers have been com pleted. The two fol low ing macro struc tures 

are al lowed, with the sec ond one as a pre ferred method:

Macro structure - Version 1

POPEN
...

BPRNT or DPRNT  ... with variable specifications

...
PCLOS

...
POPEN
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...

BPRNT or DPRNT  ... with variable specifications

...
PCLOS

...

Macro structure - Version 2

POPEN
...

BPRNT or DPRNT ... with variable specifications

...

BPRNT or DPRNT ... with variable specifications

...
PCLOS

...

Output Examples

The fol low ing macro ex am ple will down load the cur rent val ues of vari ables within the range of

100 to 149 to an ex ter nal de vice, such as a com puter disk file (in text for mat):

2 Macro call:

G65 P8200 I100 J149 Example of macro call - range of variables specified

2 Macro definition:

O8200 (VARIABLE SETTINGS PRINT-OUT)

POPEN Initialize the active communications port 

#1 = 0 Reset variable counter

WHILE[#1 LE [#5-#4]] DO1 Limit loop to selected range of variables

#2 = #[#4+[#1]] Current variable number - as a variable

#3 = #4+#1 Current variable number - as a number (no # symbol)

DPRNT[VAR #3[5] ***DATA #2[57]] Formatted output includes text, variable ID and value 

#1 = #1+1 Increase the counter of variables by one

END1 End of loop

PCLOSE Close the active communications port

M99 End - can be M30 if used as main program

%

Vir tu ally any data that is stored in the con trol sys tem can be out put as a hard copy or dis played

on the screen. Macro pro grams us ing the DPRNT func tion can be very use ful in keep ing re cords,

cre at ing a log of pro gram flow, de bug ging a trou ble some macro, and many other ap pli ca tions.

Some com mon ex am ples are shown in the next sec tion.
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Blank Output Line

The main pur pose of the DPRNT func tion is to pro vide a for mat ted out put. If it is nec es sary to

out put a blank line us ing the DPRNT com mand, the macro block must call the DPRNT with no ar -

gu ments, which means the DPRNT com mand will use empty brack ets:

DPRNT[] Outputs a blank line

Mul ti ple con sec u tive blank lines may be achieved by re peat ing the DPRNT[] com mand in the

next block, or use a loop - one macro block state ment is equal to one blank out put line.

Col umns For mat ting

If the out put of data is co lum nar, for ex am ple, for a se ries of nu mer i cal data, the printed col umn 

should be easy to read. There are no macro fea tures that can out put a spe cific font, but a suit able

font can be se lected when for mat ting the text para graph(-s). Suit able fonts for print ing col umns

are monospaced fonts types, such as Cou rierÔ, LucidaÔ, and a num ber of oth ers.

DPRNT Prac ti cal Examples

In the next ex am ples, the DPRNT func tion will used to for mat three fre quently required out put:  

Date

DPRNT[OUTPUT*DATE:**#3011[80]] will output OUTPUT DATE:  20051207

Time

DPRNT[OUTPUT*TIME:**#3012[60]] will output OUTPUT TIME:  162344

Work Off set

DPRNT [G54***X**#5221[33]***Y**#5222[33]***Z**#5223[33]]

will out put the value of G54 XYZ set tings, with 3 places be fore and 3 places af ter the dec i mal

point. Note the dis tri bu tion of spaces to im prove read abil ity (monospace font rec om mended):   

G54   X  -564.381   Y  -412.758   Z  000.000

Many other ap pli ca tions can be added to these examples, for ex am ple, the cal cu la tion of cy cle

time, num ber of parts ma chined, to tal ma chine run time, etc.
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PROBING WITH MACROS

In the mod ern world of CNC tech nol ogy, many ma chine fea tures have been con trolled through

a part pro gram or a ded i cated macro pro gram. It is quite nor mal in typ i cal CNC pro gram ming to

use Au to matic Tool Changer (ATC), Au to matic Pal let Changer (APC), cool ant func tions, spin dle

func tions, etc., in ad di tion to the au to ma tion of the toolpath it self. With mac ros - and suit able ma -

chine and con trol fea tures - the possibilities can go a big step fur ther and au to mate the whole man -

u fac tur ing pro cess, especially various dimensional mea sure ments. Within such a man u fac tur ing

pro cess, tolerances of important part fea tures are ex tremely im por tant. Var i ous depths, widths,

di am e ters, thick nesses, dis tances and many other mis cel la neous en gi neer ing re quire ments have to

be han dled as re li ably and ac cu rately as pos si ble. With mac ros, these pro cesses can be automated

and high qual ity ma chin ing re sults can be achieved with lit tle or no hu man in ter fer ence dur ing the

part pro duc tion.

The most im por tant as pect of this ap proach is to per form var i ous mea sure ments and in spec tions

di rectly at the CNC ma chine. Op er a tions be fore, dur ing, or af ter ma chin ing can be made pos si ble

with the use of the so called 'prob ing' de vices, con sist ing of a ball-shaped pre ci sion probe (usu -

ally), con nected elec tron i cally to the con trol sys tem and con trolled by suitable macro pro grams.

This con cept of prob ing re quires a solid back ground in the prob ing tech nol ogy, a sub ject that is

not in it self part of the pro gram ming pro cess, but serves as the ini tial build ing block. Be fore some

prob ing mac ros can be introduced, it is im por tant to un der stand what the prob ing is all about, and

get fa mil iar with the fun da men tal con cepts. This short back ground will make it eas ier later, when

ac tu ally de veloping real prob ing mac ros.

Prob ing tech nol ogy changes rap idly - al ways check for the new est capabilities

The most im por tant part of the prob ing con cept is the in ter ac tion be tween the macro pro gram

and the prob ing de vice (and its nu mer ous ac tiv i ties). The CNC sys tem, us ing cus tom ized macro

pro grams, fully sup ports read ing and writ ing of data be tween the pro gram pro cess ing and the ma -

chine ac tiv i ties. Ex ter nal CMM ma chines are only mar gin ally re lated to this sub ject.

What is Probing ?

In a ma chine shop en vi ron ment, there are two im por tant words that re late to the same ob jec tive

- to mea sure cer tain fea tures of a three di men sional ob ject - a part to be com pleted. These two

words are prob ing and gaug ing (also spelled gag ing). Of ten, these two words are used in ter -

change ably, as both ap ply to sim i lar ac tiv i ties.

Typ i cally, the word prob ing is used when the mea sur ing de vice in cludes spe cial spher i cal sty lus 

that is pro gram con trolled to move from one part of the mea sured ob ject to an other part of the

same ob ject. The other word - gaug ing - is used for all other types of mea sure ment.
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The fo cus of this chap ter is in the area of prob ing, since a spe cial pro gram is al ways re quired.

Many op er a tors in a ma chine shop are fa mil iar with the con cept of prob ing a part be fore or af ter

the ma chin ing pro cess. This type of prob ing is com monly known as co or di nate mea sur ing, and

the spe cially de signed pre ci sion ma chines that per form this pro cess are called Co or di nate Mea sur -

ing Ma chines, known as the CMM. The CMM method only mea sures the ex ist ing di men sions and 

can re cord and reg is ter the mea sured val ues - but it can not change any of the mea sure ment. Of ten

it is called the pre-pro cess and post-pro cess method. There is a pro gram in volved in run ning a

CMM sta tion, but it has noth ing to do with CNC and mac ros.

The prob ing method that is ap plied dur ing CNC ma chin ing has many ben e fits. In this method,

the prob ing de vice is mounted as one of the tools in the ma chine tool mag a zine, us ing a spe cific

tool num ber. The ac tual prob ing pro cess is con trolled by a spe cially de vel oped macro pro gram.

The ben e fit of this method is that when the mea sure ment is done, the re sults of the mea sure ment

can be eval u ated by the macro pro gram and changes can be made while the part is still within the

work area of the ma chine tool. This is done by us ing the three groups of off sets that are avail able

on var i ous CNC ma chines (see Chap ter 11). A thor ough knowl edge of the work off set, the length

off set and the ra dius off set is ex tremely im por tant for un der stand ing how prob ing mac ros (some

can be very com plex) per form the mea sure ments and change the in di vid ual off set set tings. As this

method of prob ing al ways takes place at the CNC ma chine dur ing its op er a tion, it is also called the 

in-pro cess method or in-pro cess gaug ing. Which ever name is used, this method of prob ing is

based on the ap pli ca tion of a touch-trig ger de vice, called a touch probe. Un der stand ing the prin ci -

ples be hind probes and their func tions is def i nitely help ful.

Touch Probes

Around the year 1973, the first mod ern probe was de vel oped. It was called a ki ne matic

touch-trigger probe. This probe de sign func tions on the prin ci ple of a multi-directional switch.

The main part of the probe is called a sty lus, which is a pre ci sion ball-shaped tip, rang ing in ball

di am e ters and lo cated at the tip of the arm-like stem or ex ten sion. The key el e ment of this de sign

(and any probe de sign) is that the spring loaded piv ot ing sty lus de flects when it touches the con tact 

point and re turns to its orig i nal po si tion af ter the de flec tion. The spring loaded sty lus is lo cated

against three bear ing points, and each of these bear ing points is also an elec tri cal con tact point. 

Dur ing the con tact with the mea sured sur face (or feature), the cen ter of the sty lus de flects at one 

or two of the bear ing points. An elec tri cal con tact is es tab lished and re sults in a trig ger sig nal that

is reg is tered by the mea sur ing sys tem. Probe tech nol ogy has evolved in the last few de cades, and

is well ad vanced. As any other tech nol ogy, it evolves con stantly, and for any macro pro gram mer

it is im por tant to keep in touch with its ad vance ments.

Probing Technology Today

Al though the ki ne matic touch probe prin ci ples are ap plied to this day, the orig i nal tech nol ogy

was very de pend ent on the trig ger ef fect caused by the ac tual pres sure on the bear ings. This

method has been very ac cu rate, but had its dis ad van tages. The ma jor dis ad van tage was that the

length of the probe (the stem) had to be kept fairly short, thus pre vent ing mea sure ments of

hard-to-reach and deep con tact ar eas of the mea sured part.

276 Chapter 23

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



The new tech nol ogy is called the ac tive sil i con strain gauge tech nol ogy, and does not gen er ate

the trig ger ef fect by pres sure, but by sens ing the con tact force that builds up dur ing con tact be -

tween the highly sen si tive sty lus and the mea sured point. Since even a very low con tact force can

be de tected us ing this method, ac cu racy is guar an teed for probes even with long stems. Other im -

prove ments in clude high ac cu racy while mea sur ing com plex three-dimensional sur faces, higher

re peat abil ity, and in creased life of the prob ing de vice.

Probe Calibration

In or der to get the ex pected - and very nec es sary - high ac cu racy read ings from a probe, the

prob ing de vice must be cal i brated. When the probe touches the con tact point on the mea sured

surface, a cer tain force is gen er ated, caus ing a bend, mostly a very slight one. This small amount

of travel that is caused by the bend ing (or sty lus de flec tion) is called pre-travel. Cal i brating the

probe means to com pen sate the fi nal read ing of the mea sure ment for the amount of the pre-travel.

In some re spects, this phe nom ena is very sim i lar to the back lash of a CNC ma chine. Later in this

chap ter, ba sic probe cal i bra tion is sues will be de scribed.

There are many meth ods of cal i brat ing a probe, one of the most com mon ones is touch ing a spe -

cial pre ci sion gauge lo cated on CNC ma chine tools (some times called artifact). Dur ing the cal i -

bra tion, the ef fec tive size of the sty lus is de ter mined (as com pared to its ac tual size). Also dur ing

the cal i bra tion, it is very im por tant to cal i brate the probe sty lus in all di rec tions that will be mea -

sured. Keep in mind that the di rec tion of the pre-travel mo tion is crit i cal to ac cu racy of the fi nal

mea sure ment.

Cal i bra tion is nec es sary not only for a new probe, but in many other in stances as well. The fol -

low ing list should help to make an in formed de ci sion when a probe cal i bra tion is nec es sary:         

o New probe or new stylus of the probe has been installed

o Start of a new machining job that employs probing

o When a probe or stylus had been replaced or repaired

o When the ambient operating temperature has changes dramatically

o When probing feedrate had been changed

o When repeatability deviates from expected values by an unexpected amount

Other con sid er ations may also have an ef fect.

Feedrate and Probing Accuracy

Note the above com ment re lat ing to the feedrate. All prob ing should be done at the same

feedrate in all di rec tions. Some macro pro gram mers pre fer to 'hard-code' the feedrate into the

macro, oth ers use a vari able for the same purpose. Ei ther way, if the feedrate had been changed,

the cal i bra tion pro cess should be re peated.

Also a very prac ti cal ap proach is to dis able the feedrate over ride on the CNC op er at ing panel,

so the feedrate is al ways guar an teed to be 100% of the pro grammed value. To dis able the feedrate

over ride in the macro, use the sys tem vari able #3004=2 (feedrate over ride dis abled) or

#3004=3 (feedhold and feedrate over ride are dis abled). Other vari a tions are also pos si ble. Make

sure to pro gram #3004=0 at the end of the macro, to re move the re stric tions when not needed.
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Probing Devices on CNC Machines

Any ma chine shop can ben e fit from mea sur ing the part dur ing a ma chin ing cy cle. The probe

unit is mounted in the tool mag a zine, with is own num ber and off set set tings, just like any other

tool. The ma jor dif fer ence from other tools is that a probe does not ro tate in the spin dle when it is

used. In-process gaug ing is closely tied to the macro pro gram that con trols the ma chin ing, mea -

sur ing and ad just ments of off sets in the con trol sys tem. Macro fea tures such as branch ing, con di -

tional test ing, loop ing, use of dif fer ent vari ables and ac cess to con trol fea tures, are all im por tant

for pro gram ming the var i ous prob ing de vices.

In-Process Gauging Benefits

There are many ben e fits in mea sur ing the var i ous part fea tures dur ing the ma chin ing cy cle -

they are all re late to the in creased pro duc tiv ity and over all ac cu racy. The most im por tant ben e fits

can be summed up into sev eral items:

o Part location, length, and diameter of the cutter used can be measured automatically

o All three offset memory groups can be calculated automatically and corrected as needed during

machining, individually or collectively

o Reduction of machine idle time - setup of the part can be greatly simplified - there is no need to spend

time on exact physical setup. The actual position of the part and its alignment with the machine axes

and/or fixture datums can be corrected mathematically rather than physically

o Reduction in the level of scrap - since the actual machined dimensions are monitored

by the macro program and the probing cycle, any required offset correction is made automatically

o Inspection of the first finished part does not require its removal from the machining area

o Broken tools can be detected and proper action followed as specified by the macro program

o Initial investment in the technology (equipment and skills) is returned much faster than other methods

o CNC operator’s confidence level is increased and unattended machining can become a reality

Types of Probes

Var i ous man u fac tur ers of fer many dif fer ent mod els of probes. When se lect ing probes, the main 

is sue is, of course, the probe ac cu racy. How ever, ac cu racy of a probe is not usu ally an is sue,

which means the cus tomer looks for ad di tional fea tures when se lect ing probes. In this con text, it is 

very im por tant to un der stand is that a probe in it self does not mea sure, so the ques tion of probe

ac cu racy is purely ac a demic.
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Probe can be eval u ated in terms of re peat abil ity, which does in flu ence the ac cu racy of the prob -

ing sys tem. In terms of ac cu racy, the most im por tant as pect is the ac cu racy of the com plete sys -

tem, with all its parts, not just its in di vid ual components. When se lect ing prob ing devices to day,

the most im por tant fea ture is the probe pur pose - cur rent one and one in the fu ture.

Probe Size

In the touch-trigger method of prob ing, the size of the probe is gen er ally de ter mined by the na -

ture of the work. Ob vi ously, the probe must fit into the area to be mea sured. That means a small

di am e ter probe will al low ac cess to more fea tures of the part, such as crev ices and small openings. 

Large probe sizes are usu ally part of a gen er ally heavier con fig u ra tion, and a slightly lower sys -

tem ac cu racy should be ex pected.

Probe Selection Criteria

Not all probes are cre ated equal - there are sev eral con sid er ations that must be made when se -

lect ing a probe for in-process CNC mea sure ment (gauging). The con sid er ations re lat ing to the

probe se lec tion can be summed up in the fol low ing few groups:

o Machined part ... its size and shape

o Control system capabilities ... standard and optional features

o Expected tolerances ... engineering data - are they realistic ?

o Additional and optional features ... may be beneficial in the long run

o Associated costs ... initial costs as well as ongoing costs

Machined Part

With out a doubt, the na ture of the work de ter mines what probe or probes will be used, based on 

the cur rent technology. The ini tial na ture of the work may re quire dif fer ent probes for dif fer ent

jobs. Al though most probes can be ex changed with rel a tive ease, the mea sur ing sys tem al ways has 

to be able to ac com mo date all va ri et ies. That means look ing ahead to fu ture part de signs and be

able to es tab lish the need for a mea sur ing sys tem based on cur rent and fu ture re quire ments.

Ar eas of fo cused con sid er ation should also in clude the ac tual part size, its geo met ri cal com plex -

ity (gen eral shape), the fea tures on the part that re quire mea sur ing (crit i cal fea tures), the ac tual

probe size (small or large), and its ac cu racy, if used with a long stem, as well as its ca pa bil ity to

be po si tioned nor mal (i.e., per pen dic u lar) to the mea sured sur face.

There are also other fac tors re lated to the part, such as its ma te rial and the thick ness of the mea -

sured fea ture. Some soft ma te ri als, such as plas tics, may be de flected or even de formed by the

prob ing de vice, so other tech niques will have to be used. The most com mon method in this type of 

ap pli ca tion is a non-contact probe, of fered by all ma jor probe man u fac tur ers. Of ten a twin probe

(one with two sty luses, some times called a bullhorn probe) can be equipped with one con tact and

one non-contact probe. Some prob ing heads can be equipped for both types, and changed ei ther

man u ally or au to mat i cally. Au to mated probe change is par tic u larly at trac tive to high vol ume man -

u fac tur ing (such as in the au to mo tive in dus try).
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Control System Capabilities

When the prob ing de vice is ap plied to CNC ma chines, the ca pa bil i ties of the sys tem are a very

im por tant con sid er ation. Typically, the most mis takes are made at the time of pur chase by fail ing

to es tab lish fu ture needs. Many probe man u fac tur ers of fer up grades, but af ter a few years the

com pat i bil ity may fade away. It may be dif fi cult - or even im pos si ble - to up grade a sim ple equip -

ment at a later date to a more so phis ti cated equip ment.                                                    

Equally im por tant con sid er ation are the specifics of the CNC ma chine. Small parts of to day

may not cause prob lems, but large parts of to mor row may not fit into the think ing of to day.     

Expected Tolerances

De sign en gi neers place tol er ances on crit i cal di men sions. In a brief re minder, a di men sional tol -

er ance is the al lowed de vi a tion from the nom i nal size spec i fied in the en gi neer ing draw ing. In

prob ing, par tic u larly dur ing the probe se lec tion pro cess, it is im por tant to re al ize that tol er ances

too tight (those with a very small al low able range of de vi a tion) make the ma chin ing pro cess much

more ex pen sive in all re spects. How ever, if the en gi neer ing need is there, the cost has to be ac -

knowl edged and ab sorbed. For tight tol er ances, probes have to be se lected with this ini tial con sid -

er ation. Tight tol er ances also re quire lon ger mea sur ing times, be cause many more points or hits

have to mea sured to guar an tee such ac cu racy. For ex am ple, a tight tol er ance re quire ment on a

hole di am e ter will re quire more than the stan dard three points to mea sure the di am e ter.          

Additional and Optional Features

Many op tional fea tures are avail able for var i ous CNC prob ing de vices. Some of the most im -

por tant fea tures are the fixed ori en ta tion of the probe ver sus its ca pa bil ity to be ori ented into dif -

fer ent (non-stan dard) di rec tions. Ad di tional flex i bil ity is wel come, if its costs can be jus ti fied.    

Associated Costs

There are dif fer ent types of probes avail able and - more of ten than not - a higher price in di cates

a more so phis ti cated, higher level, prob ing de vice - a better device. Al ways check the unit fea -

tures and fu ture ser vice avail abil ity from the man u fac turer or the ven dor.                            

CNC Machine Probe Technology

Ev ery probe in stalled on the CNC ma chine must be able to com mu ni cate with the con trol sys -

tem of the ma chine tool. On CNC ma chin ing cen ters, the probe is mounted in a holder sim i lar to

the tool holder for stan dard cut ting tools, also stored in the tool mag a zine, and is placed into the

spin dle the same way as any other tool, when re quired. On the CNC lathes, the probe is mounted

into the tool tur ret, also oc cu py ing one station. In ei ther case, the pur pose of the probe is to touch

the de sired fea ture on the part, make the mea sure ment and trans mit a sig nal to the con trol sys tem

with the results. There are three ma jor trans mis sion meth ods avail able for the trig gered sig nal: 
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u Optical Signal Transmission

u Inductive Signal Transmission

u Radio Signal Transmission

In the later de vel op ment, an in fra red method of sig nal trans mis sion has also been avail able from 

sev eral man u fac tur ers, al though the op ti cal and the in duc tive prob ing meth ods form the ma jor ity

of ap pli ca tions.

Re gard less of which method of sig nal trans mis sion is ap plied, the trans mis sion sys tem uses

three im por tant com po nents:

2 Component 1:

Probe and the prob ing mod ule, are mounted on a stem. The op ti cal and the ra dio method of

trans mis sion both work on the same prin ci ple - the mod ule re ceives the sig nals from the con trol

sys tem and trans mits the sig nals from the probe as well as the sta tus of the in ter nal bat tery that

pro vides the nec es sary voltage. The probe and the prob ing mod ule can be used in a standby mode, 

or a con tin u ous op er at ing mode. If the set ting is a standby mode, the unit acts only as a re ceiver

that is wait ing for the trans mit ting sig nal. Once the sig nal is re ceived, the standby mode is au to -

mat i cally changed to the con tin u ous op er at ing mode. Once the op er at ing mode takes over, the sta -

tus sig nals from the probe and bat tery are trans mit ted to the ma chine com mu ni ca tion mod ule.

2 Component 2:

Ma chine com mu ni ca tion mod ule, used to es tab lish con tact with the probe mod ule. Through sig -

nal trans mis sion, a ca ble and its unique wir ing configuration, the ma chine com mu ni ca tion mod ule 

will be power con nected to the ma chine in ter face unit. 

2 Component 3:

Ma chine in ter face unit  is used to con vert the re ceived sig nals from the probe into a for mat the

con trol sys tem can interpret. Us ing the in ter face unit, sev eral light in di ca tors show the probe and

bat tery status.

Optical Signal Transmission

In the op ti cal sig nal data trans mis sion, an in fra red light beam is used to trans fer probe sig nals

col lected at the time of con tact, from the prob ing de vice to the CNC sys tem. Light emit ting di odes 

(LED) in stalled on the prob ing de vice emit sig nals to wards a pre-tuned re ceiver. The re ceiver

may pickup sig nal from as far as 10 feet (3 me ters). The power source for the probes that use op ti -

cal sig nal data trans mis sion is a small bat tery in stalled in the prob ing de vice body. A small dis ad -

van tage of op ti cal sig nal trans mis sion sys tem is the re quire ment of a clear light path be tween the

probe and the CNC con trol. The ma jor ity of the CNC ma chin ing cen ters in stalled to day use the

op ti cal method of data trans mis sion.
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Inductive Signal Transmission

In the in duc tive sig nal data trans mis sion area, trans mit ted sig nals use elec tro mag netic in duc tion

as they are trans ferred across a small air gap. The air gap is be tween the two in duc tion mod ules,

one lo cated on the prob ing de vice, the other lo cated on spin dle of the CNC ma chine tool. Both are 

linked to the CNC sys tem. The in duc tive sig nal data trans mis sion is also quite com mon on CNC

ma chin ing cen ters and CNC lathes. Prob a bly the ma jor ben e fit of the in duc tive sig nal trans mis -

sion probes is the ease of main te nance and the lack of a bat tery power. The probe mod ule re ceives 

power from the ma chine mod ule and passes back var i ous probe sig nals.

Radio Signal Transmission

In the ra dio sig nal data trans mis sion, the prob ing de vice gen er ates a ra dio fre quency sig nal. The 

power source for the probes that use ra dio sig nal data trans mis sion is a small bat tery in stalled in

the prob ing de vice body. This method of trans mis sion is com monly used on large CNC ma chines. 

Us ing a ra dio sig nal data trans mis sion is very prac ti cal on CNC ma chines that are phys i cally

large, and in sit u a tions where an op ti cal sys tem would not be suit able to func tion prop erly over a

dis tance greater than about 10 feet (3 me ters).

Probing sys tems us ing ra dio trans mis sion are based on the prin ci ple of high fre quency ra dio

waves that carry the data sig nals. The sig nals are car ried be tween the prob ing de vice and the CNC 

sys tem of the ma chine tool. Ad di tional ben e fit of ra dio sig nal trans mis sion is the elim i na tion of

the di rect and clear path of the sig nal, needed for other prob ing meth ods.

In-Process Gauging

In-process gaug ing has al ready been men tioned sev eral times in this chapter, but al ways in a

rather oblique way. The next few para graphs will at tempt to throw some light and more de tails of

this ex tremely im por tant sub ject.

For many un manned ma chin ing sta tions, for ex am ple in an FMS cell (Flex i ble Man u fac tur ing

Sys tem), or sim i lar cellular man u fac tur ing, a pro vi sion must be made in the CNC pro gram to al -

low the check ing and ad just ing of crit i cal di men sions di rectly on the part, pref er a bly while it is

still mounted in the fix ture. As the cut ting tool wears out, or be cause of many other causes, the ex -

pected di men sions may fall into the 'out-of-tol er ance' zone. Us ing a prob ing de vice and a suit able

macro pro gram, the In-pro cess gaug ing op tion of fers a very sat is fac tory so lu tion. The CNC pro -

gram for the In-Pro cess Gaug ing op tion will con tain some quite unique for mat fea tures - it will be

writ ten parametrically, and will be heavily de pend ent on the us age of macro programs, of ten very

deeply nested.

If a CNC ma chine shop is a user of the In-Process Gauging feature, there are good chances that

other con trol op tions are also in stalled and avail able to the CNC pro gram mer. Some of the most

typ i cal op tions are prob ing soft ware, tool life man age ment, mac ros, var i ous de tec tors, tool length

and tool ra dius read ers, etc. Some of this tech nol ogy goes a lit tle too far be yond stan dard CNC

pro gram ming, al though it is closely re lated. Com panies that al ready use the CNC tech nol ogy suc -

cess fully, will be well ad vised to look into these op tions to re main com pet i tive in their field.
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The idea of mak ing the first man u fac tured part ex actly to spec i fi ca tions de vel oped into the im -

ple men ta tion of in-pro cess gaug ing. In some cases, this method of mea sur ing can to tally elim i nate 

off-line mea sur ing sys tems (CMM), or at least com ple ment them. By em ploy ing the full in-pro -

cess gaug ing ex clu sively at the machine, CMM sys tems can be often elim i nated (at least for cer -

tain applications) and the cost and down time of the off-line mea sure ment is also elim i nated. There

are sev eral tech no log i cal re quire ments for this tech nol ogy to be suc cess ful.

o The probing system must be used in the toolholder, just as any other tool

o The probing system is stationary (non-rotating) and often locked in an oriented position

o Macro program option has to be available within the control system

o Proper interfaces between the probe and control system have to be established

o Special macro programs have to be developed and maintained for the measuring

In terms of eco nomics, in-pro cess gaug ing does ex tend the to tal cy cle time, of ten quite sig nif i -

cantly. Even if not ev ery part in the batch is mea sured, the av er age cy cle time must be con sid ered. 

When the CNC ma chine tool is used as a mea sur ing de vice, the equip ment in volved in the var i ous

stages of mea sure ment has to be cer ti fied or cal i brated. Cal i brating of the prob ing de vice is done

on a ver i fied gauge (gage), us ing a macro pro gram. The prin ci ples of cal i bra tion have been dis -

cussed ear lier.

Many CNC ma chine tools in cor po rate a unique de sign that al lows for the in clu sion of a cal i -

brated ar ti fact within the work ing cube of the ma chine. Working cube is de fined by the com bined

max i mum amount of travel along the X-axis, Y-axis and Z-axis. If only two axes are con sid ered,

the term 'work ing cube' is changed into a work ing area or a work ing en ve lope.

Features to be Measured

In or der to de ter mine what fea tures of the part can be mea sured on a CNC ma chine, a great deal 

de pends on the type of probe used. In their ba sic ap pli ca tions, vir tu ally ev ery probe can mea sure

the fol low ing fea tures of a part or within a par tic u lar part:

o Center measurement

o External diameter

o Internal diameter

o External length  -  width

o Internal length  -  width

o Depth of a feature

o Angle of a feature

There are many other part fea tures that can also be mea sured and some are more com mon than

oth ers. The most typ i cal item in this group cov ers the part fea ture lo ca tion, such as a cen ter of a

hole, dis tance be tween two points, di am e ter, and so on. Since the typ i cal part fea ture is nor mally

spec i fied by at least the X and Y axes, it means a macro de vel op ment that uses a com bi na tion of

the var i ous re sults and ma nip u lat ing them math e mat i cally. All this takes place within the macro

body. In many cases, di rectly re turned value are not used as such, but for cal cu la tions of a dif fer -

ence in val ues be tween two mea sure ments. How this dif fer ence is handled de pends on the par tic u -

lar ap pli ca tion. Nor mally, the cal cu lated value is used to ad just a par tic u lar off set set ting.
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There are many other sim ple and com plex mea sur ing meth ods avail able to prob ing mac ros, but

the ba sic con cepts re main the same at all times, re gard less of the mea sur ing method used. In the

next few ap pli ca tion ex am ples, var i ous com mon op tions will be ex plored in some de tail, along

with the eval u a tion of typ i cal prob ing pro ce dures. In cluded di a grams al ways show the mea sured

ob ject (fea ture) and the points of con tact with the mea sured ob ject. For ex am ple, P1, P2, P3, P4,

etc., in di cate the probe po si tion at the time of con tact along the se lected axis, the iden ti fi ca tion Cn

in di cates a cen ter lo ca tion num ber, the let ter W in di cates the width or length (ei ther one can also

be ap plied to the fea ture depth), the let ter D spec i fies the mea sured depth, and so on. In most

prob ing cases, the probe di am e ter (com monly known as the sty lus di a m e ter) must al ways be

known, but in some cal cu la tions, the sty lus di am e ter is not an im por tant at all (any rea son able di a -

m e ter can be used). Most cal cu la tions of ten use the ABS macro func tion, in or der to guar an tee a

re turned value that is al ways pos i tive. In any macro, the pos i tive and neg a tive val ues of a cal cu la -

tion (the re turned value) are very im por tant and must al ways be ap plied cor rectly.

Center Location Measurement

Mea suring the cen ter lo ca tion (position) ap plies to mea sure ment of flat and cir cu lar ob jects and

part fea tures, such as flat walls, edges, holes, bores, rods, shafts, grooves, even cones and ta pers. 

The mea sur ing also includes cy lin dri cal cal i brat ing de vices, if required. In terms of im ple men ta -

tion, the cen ter lo ca tion mea sure ment is prob a bly the most com mon prob ing op er a tion in mac ros. 

Fig ures 57 and 58 il lus trate one sig nif i cant math e mat i cal prin ci ple that is the very ba sis of mea -

sur ing many cen ter lo ca tions, es pe cially those ap plied to part fea tures re lated to walls (sides) of

the part (ex ter nal and in ter nal).

In both il lus tra tions, two ob jec tives are im plied that re late to macro pro gram development. One

ob jec tive is to find the width mea sure ment be tween two ex ter nal walls, shown as C1 di men sion in

the left il lus tra tion above. The other ob jec tive is to find the width mea sure ment be tween two in ter -

nal walls, shown as C2 in the right il lus tra tion above. The draw ing example in Fig ure 57 il lus -

trates two parts that are in de pend ent of each other and solves the C1 and C2 cal cu la tions at the

same time. Note that the probe ball di am e ter (sty lus di am e ter) has no effect on the re sult.        
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C2 = ABS[P3-P4] / 2

C1 = ABS[P1-P2] / 2
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Figure 57

Center measurements C1 and C2
are between two machined features,
such as walls:

External (C1) and Internal (C2) walls

Stylus diameter is not critical
... single axis check is shown
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A sim i lar ap proach is equally log i cal when try ing to find the cen ter of a cir cu lar fea ture (ra dius

or diameter), whether it is ex ter nal or internal. Al though one ex am ple is shown for find ing the

cen ter on an ex ter nal fea ture (such as a rod, boss, spigot, etc.), and the other ex am ple is shown

for the in ter nal ap pli ca tion (such as a hole di am e ter), they share the same math e mat i cal for mula

that can be used in the macro to cal cu late the cen ter of a cir cu lar fea ture, re gard less whether it is

ex ter nal or in ter nal. The for mula ap plies to any sin gle axis.

Fig ure 59 and Fig ure 60 il lus trate the math e mat i cal prin ci ple be hind mea sur ing a cen ter lo ca tion 

as ap plied to fea tures re lated to ex ter nal or in ter nal part di am e ters.

In the pre vi ous cen ter find ing ap pli ca tion ap plied to two lin ear fea tures, ei ther axis could be

used in the for mula, and only one axis mea sure ment was re quired. The most im por tant el e ment in

this ex am ple is that only two mea sure ments along a sin gle axis are re quired, whereby in the two

cir cu lar ex am ples, an ac tual point is needed, so both axes must be con sid ered in the cal cu la tion of

the cen ter of a cir cu lar ob ject and four mea sure ments per di am e ter are re quired.
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C = ABS[[[P1+P2] - [P3+P4]] / 2]
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Figure 58

Center measurement C is between
two machined features, such as slots

Stylus diameter is not critical
... single axis  check is shown

C1 = ABS[P1+P2] / 2

C2 = ABS[P3+P4] / 2
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Figure 59

Center measurement C1 and C2
of a circular external feature

Stylus diameter is not critical
... two axes are shown
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As both il lus tra tions show, the cal cu lat ing for mu las are iden ti cal. The only dif fer ence is the

mea sur ing di rec tion, which has to be in cor po rated in the macro.

Measuring External or Internal Width

The ex ter nal (out side) or in ter nal (in side) length or width be tween two fea tures is es tab lished by 

pick ing and reg is ter ing two es tab lished point po si tions, one on each end of the mea sured ob ject.

Only a sin gle axis is used for this pur pose, the other axes re main idle. Two reg is tered po si tions

(axes X or Y) are nor mally re quired. The ac tual width is found by sub tract ing one mea sured po si -

tion from the other, con sid er ing the styles ra dius.

Fig ure 61 shows the ex ter nal fea ture width mea sure ment on the left and in ter nal mea sure ment

on the right - sty lus di am e ter B is very im por tant in both types of mea sure ment.
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B = Probe stylus diameter

W1 = ABS[P1-P2]-B

W2 = ABS[P3-P4]+B
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Figure 61

External and internal width
measurement

C1 = ABS[P1+P2] / 2

C2 = ABS[P3+P4] / 2
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Figure 60

Center measurement C1 and C2
of a circular internal feature

Stylus diameter is not critical
... two axes are shown
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Measuring Depth

An other com monly mea sured fea ture of a part is the depth. Depth is nor mally as so ci ated with

the Z-axis, but the prob ing method can be used along the X or Y axes as well, for ex am ple, to

mea sure a shoul der depth or a step depth.

Depth is mea sured by sub tract ing two mea sured po si tions along the axis. Log i cally, the depth is 

es tab lished in the same way as the ex ter nal or in ter nal length (width).

Fig ure 62 shows the math e mat i cal prin ci ple be hind the depth cal cu la tion.

Other fea tures can be mea sured by ap ply ing the same log i cal approach. Amongst them, mea sur -

ing ex ter nal or in ter nal di am e ters and mea sur ing angles are the more com mon ap pli ca tions.      

Measuring External Diameter

Ex ter nal (out side) di am e ter can be a stud, a core, a boss, a spigot, or any other round ob ject that 

is an ex ter nal cyl in der, in clud ing a cal i brat ing de vice. To mea sure an ex ter nal di am e ter, mea sured 

points on the di am e ter have to be es tab lished. Each mea sured po si tion is reg is tered and the ex ter -

nal di am e ter is cal cu lated math e mat i cally, through the for mu las in the CNC macro pro gram. An

ap prox i mate ex ter nal di am e ter must al ways be known. Typically, an ex ter nal di am e ter is mea -

sured by es tab lish ing three points on the di am e ter.

Measuring Internal Diameter

In ter nal (in side) di am e ter can be any hole, such as a counterbore, cir cu lar pocket, or any other

in ter nal cyl in der, in clud ing a cal i brat ing de vice. To mea sure an in ter nal di am e ter, mea sured

points on the di am e ter have to be es tab lished. Each mea sured po si tion is reg is tered and the in ter -

nal di am e ter is cal cu lated math e mat i cally, through the for mu las in the CNC macro pro gram. An

approximate in ter nal di am e ter must al ways be known. Typically, an in ter nal di am e ter is mea sured 

by es tab lish ing three points on the di am e ter.
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Figure 62

External and internal depth
measurement
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Measuring Angles

An gle mea sure ment can be used for many use ful pur poses, one of them be ing to ad just the co or -

di nate sys tem of the ma chine tool by ro tat ing it. To il lus trate the idea, think of the ease of pro -

gram ming a rect an gle where all four sides are par al lel to the axes, then pro gram ming the same

rect an gle lo cated at an an gle within the ma chin ing area. Ro tat ing the co or di nate sys tem al lows the

sim plic ity of pro gram ming a straight rect an gle, but lo cat ing it at an an gle dur ing the ma chine

setup. By ro tat ing the co or di nate sys tem to match the part ori en ta tion, the setup can be done very

ef fi ciently. Fanuc of fers op tional fea ture called Co or di nate Sys tem Ro ta tion (G68-G69). Macro

is the best choice if this op tion is not avail able.

Changing of Set Values

Since prob ing is con trolled by the CNC macro pro gram, the macro can contain de ci sions based

on the re sult of the prob ing pro cess. For ex am ple, a tol er ance can be en tered in the macro body,

the prob ing re sult reg is tered, eval u ated and com pared with the stored val ues. De ci sion whether to

ad just the off set, re cut the part, or even re ject it, can be made au to mat i cally. This is a very so phis -

ti cated method of pro gram ming that re quires a lot prac tice.

Calibration Devices

Cal i bra tion de vices - they are some times called ar ti facts or mas ter gauges - in stalled on a CNC

ma chine tool are - in their sim plest def i ni tion - the mas ter ref er ence for all other ref er ences. In a

more tech ni cal ex pla na tion, such a de vice is a phys i cal sub sti tu tion for the ac tual ma chined part

whose fixed po si tion within the work ing cube has been es tab lished pre vi ously, un der pre cise con -

di tions, such as con trolled tem per a ture and hu mid ity. This may sound a bit complicated, but it

does in di cate the main pur pose of a cal i bra tion de vice.

In gen eral terms, there are two ba sic types of cal i bra tion de vices de sign:

Calibrating device - Type 1

Pre vi ously es tab lished phys i cal sub sti tu tion of the ac tual ma chined part. The ben e fit of this type

is that it can be cal i brated di rectly on the CNC ma chine and re sults in a very high pre ci sion of the

whole ma chine mea sur ing en vi ron ment.

Calibrating device - Type 2

A gen eral pur pose ref er ence item, such as a high pre ci sion cal i bra tion sphere or a cal i bra tion

block. Ei ther de sign is used by mea sur ing against known rel a tive sizes and lo ca tions of the cal i -

bra tion de vice, for ex am ple walls of a cube or a top sur face of a sphere.

The main pur pose of the cal i bra tion de vice is to eval u ate the in teg rity of the CNC ma chine tool

ge om e try, be fore any cut ting tool is ap plied to the pro duc tion. In ad di tion, the de vice also serves

as means to com pen sate for even a very slight ex pan sion or shrink age of the mea sur ing sys tem,

due to the ef fects of heat or cold.
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Checking the Calibration Device

Dur ing the ma chin ing cy cle, the crit i cal sizes (features) of the part are es tab lished by com par ing 

the de sired di men sions with the pre vi ously cal i brated fea ture. Typically, the cal i bra tion de vice is

mea sured be fore any ac tual ma chin ing and any de vi a tion er ror is es tab lished at start. This er ror

can be caused by sev eral fac tors, mainly those re lat ing to ex treme heat or ex treme cold.

Once the in teg rity of the cal i bra tion de vice has been es tab lished, the ma chined part is mea sured. 

The re sult of the part mea sure ment is con sid ered er ro ne ous, if the er rors de tected dur ing the prob -

ing pro cess are com pared with the di men sions of the cal i bra tion de vice and found out side of spec i -

fied lim its. This is an im por tant con sid er ation, be cause it shows that the ac cu rate mea sure ment of

the part is de ter mined by the ac cu racy of the cal i bra tion de vice set ting, rather than the whole ma -

chine tool sys tem.

Centering Macro Example

As a prac ti cal ex am ple of a macro us ing a prob ing device, the fol low ing cen ter ing macro is one

of the most com mon ap pli ca tions of a probe. Its pur pose is to find a cen ter of a cir cu lar ob ject,

typ i cally a cal i brat ing ring or a hole in the part that has to be mea sured. The cen ter of the cir cu lar

ob ject will be used as the new set ting of G54 work off set (macro can be mod i fied for any other

work off set number). 

O0032 (MAIN PROGRAM)

N1 G21 Metric input

N2 G17 G40 G80 Startup block

N3 G90 G00 G54 X0 Y0 XY motion to the center of hole (near center must be known)

N4 G43 Z25.0 H19 Clear position above work

N5 G01 Z-5.0 F250.0 Feed to probing depth (*)

N6 G65 P8112 D175.0 F80.0 Macro call with assignments D=measured dia, F=feedrate

N7 G00 Z25.0 Retract above work

N8 G28 Z25.0 Return to machine zero (Z-axis)

N9 M30 End of main program

%

O8112 (CENTERING MACRO - METRIC)
(USES 6 MM DIAMETER BALL)

IF[#7 EQ #0] GOTO996 Check if measured diameter is missing

IF[#9 EQ #0] GOTO997 Check if probing feedrate is missing

IF[#9 GT 100.0] GOTO998 Max. recommended probing feedrate is F100.0 mm/min

#3004 = 2 Feedrate override disabled

#10 = #4003 Store current setting of G90 or G91

#7 = #7/2 Change diameter of input to radius

#101 = #5041 Store current X-axis coordinate

#102 = #5042 Store current Y-axis coordinate

M51 Turn Blast ON to clear probe - M-code will vary

G04 X2.0 Allow 2 seconds for the air blast

M52 Turn Blast OFF - M-code will vary
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G91 G01 X[#7-5.0] F[#9*4] Move 5mm away from right side target (X+ motion) (*)

G31 X[#7+5.0] F#9 Skip the rest of X motion upon contact (X+)

#103 = #5061 Store X-position at skip signal (X+)

G90 G01 X#101 F[#9*4] Move back to the start position in X

G91 X-[#7-5.0] Move 5mm away from left side target (X- motion) (*)

G31 X-[#7+5.0] F#9 Skip the rest of X motion upon contact (X-)

#104 = #5061 Store X-position at skip signal (X-)

G90 G01 X#101 F[#9*4] Move back to the start position in X

#105 = [#103+#104]/2 Average the X+ and X- reading

#106 = #101-#105 Calculate the shift amount for G54 along the X-axis

G91 G01 Y[#7-5.0] Move 5mm away from top side target (Y+ motion) (*)

G31 Y[#7+5.0] F#9 Skip the rest of Y motion upon contact (Y+)

#107 = #5062 Store Y-position at skip signal (Y+)

G90 G01 Y#102 F[#9*4] Move back to the start position in Y

G91 Y-[#7-5.0] Move 5mm away from bottom side target (Y- motion) (*)

G31 Y-[#7+5.0] F#9 Skip the rest of Y motion upon contact (Y-)

#108 = #5062 Store Y-position at skip signal (Y-)

G90 G01 Y#102 F[#9*4] Move back to the start position in Y

#109 = [#107+#108]/2 Average the Y+ and Y- reading

#110 = #102-#109 Calculate the shift amount for G54 along the Y-axis

(————————————————————————————————————————————————————————————————————————)

#2501 = #2501-#106 Update the X-coordinate for G54 work coordinate system

#2601 = #2601-#110 Update the Y-coordinate for G54 work coordinate system

(————————————————————————————————————————————————————————————————————————)

#3004 = 0 Feedrate override enabled

G#10 Restore original G90 or G91

GOTO999 Bypass error messages

N996 #3000 = 106 (DIAMETER MISSING) Issue alarm if measured diameter missing

N997 #3000 = 107 (FEEDRATE MISSING) Issue alarm if feedrate missing

N998 #3000 = 108 (FEEDRATE TOO HIGH) Issue alarm if feedrate too high

N999 M99 Macro end

%

Clearances marked with (*) must be greater than the radius of the probe stylus

Note that the spec i fied feedrate ap plies to the prob ing feedrate, not the po si tion ing feedrate. Ar -

bi trarily, the po si tion ing feedrate is four times greater, but will not ex ceed 500.0 mm/min. Flex i -

bil ity can be added to the macro for more pre cise con trol in this area. This is a work ing macro and 

sat is fies the goals set ear lier. The pos si ble changes or im prove ments to the macro would be han -

dling of the probe ball di am e ter (ra dius), feedrate, and the clear ances be fore reach ing the tar get

po si tion.

With this prob ing macro sam ple, vir tu ally any other prob ing macro can be developed. Many

fea tures of the sam ple macro will not change from one type of prob ing to an other. The ma jor

change will be in the in clu sion and ma nip u la tion of dif fer ent for mu las.

One crit i cal com mand that is unique to mac ros is the G31 com mand - Skip Com mand. It will be

ex plained at the end of this chap ter.
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Probe Length Calibration

Probes are used not only for mea sur ing within the XY plane, they can also check depth, along

the Z-axis. Just like cen ter ing macro (cen ter po si tion cal i bra tion) is de signed to up date the work

co or di nate sys tem, this macro sets the tool length off set for the Z-axis. There are sev eral meth ods

avail able, how ever their ba sic func tion al ity is the same. Fig ure 63 shows the setup for a ver ti cal

CNC ma chin ing cen ter.

The as sign ment of vari ables will be sim ple. Strictly speak ing, only a sin gle vari able will be re -

quired - the tool length off set num ber - where the mea sured length will be stored. For more flex i -

bil ity, also in cluded can be the Z-axis po si tion to mea sure, al though it will nor mally be zero. The

skip func tion G31 will need a feedrate and a small amount of ex tra travel. The macro will have the 

feedrate built-in, so the prob ing will be con sis tent for all jobs. The ex tra travel amount (known as

the over shoot), will also be built-in, which makes it eas ier to de velop the macro for both met ric

and inch units of mea sure ment.

O0033 Main program example

N1 G21 Units of measurement selection

N2 G17 G40 G80 Startup block

N3 90 G00 G54 X300.0 Y250.0 T99 XY-position for the probing - also calls Tool 99

N4 M06 Tool 99 to spindle

N5 G65 P8113 Z0.0 T99 Call macro for Z0 and tool length offset 99

N6 M30 End of main program

%

O8113 (PROBE LENGTH OFFSET)
(*** DO NOT CHANGE SEQUENCE NUMBERS ***)

IF[#20 EQ #0] GOTO99 Alarm issued if offset number is not assigned

G40 G80 G49 Startup block reaffirmed

IF[#26 NE #0] GOTO98 Check if Z-position is assigned

#26=0 If Z-position is not assigned, it defaults to Z0.0
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N98 #3004 = 2 Disable feedrate override

#11 = #4001 Store current G-code of Group 01

#13 = #4003 Store current G-code of Group 03

#16 = #4006 Store current G-code of Group 06

IF[#16=20.0] GOTO20 Check if main program is in inches

IF[#16=21.0] GOTO21 Check if main program is in millimeters

N20 #32 = -0.25 Set extra travel in inches

#9 = 2.0 Set probing feedrate in inches per minute

GOTO100 Bypass metric values if inches selected

N21 #32 = -6.0 Set extra travel in millimeters

#9=50.0 Set probing feedrate in mm/min

N100 (PROBING STARTS HERE) Start of probing routing

#33 = #26+#32 Calculate the final Z-position

G90 G31 Z#33 F[#9*2] Make the initial probe touch at a faster feedrate

G91 G00 Z[ABS[2*#32]] Retract twice the amount of stored extra travel

G90 G31 Z#33 F#9 Make the final probe touch at a slower feedrate

#100 = #5063 Register Z-position at skip signal

#[2000+#20] = #100 Transfer the new value to the selected offset

GOTO999 Bypass alarm message if processing normal

N99 #3000=99 (OFFSET NUMBER MISSING) Issue alarm if offset number not assigned

N999 G91 G00 G28 Z0 Return Z-axis to machine zero

#3004 = 0 Enable feedrate override

G#11 G#13 G#16 Restore previous G-codes of Groups 01, 03, 06

M99 End of macro
%

Note a few spe cial pro gram ming tech niques used in the macro. Even when de veloping a sim i lar

custom macro, some of these pro gram ming tech niques come very handy in the de vel op ment pro -

cess of any macro. Some changes may be small, such as change of the vari able num ber that stores

the off set, if the con trol re quires it.

Here are de scrip tions of the tech niques used:

Technique 1

The tech nique that may be con tro ver sial is the Z-axis value. If the Z-position is miss ing in the

G65 call, the macro will de fine the vari able #26 as zero, au to mat i cally. Some programmers may

ques tion this ap proach and choose not to agree with it. Un der proper con di tions, there is noth ing

wrong with this tech nique.

Technique 2

The IF-THEN short cut has been avoided, so the macro is more flex i ble for a va ri ety of con trol

mod els (not all mod els sup port the IF-THEN func tions). More GOTOn state ments will needed.
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Technique 3

The macro will work equally well for met ric prob ing or prob ing in Eng lish units.

Technique 4

Inch and met ric val ues have been built-in. Once ver i fied as suit able, they will be the same for

ev ery probe that will need to be mea sured along the Z-axis. This is one ad just ment that may need

to be done, to suit par tic u lar prob ing setup.

Technique 5

Con trolled feedrate has also been built-in (met ric and inch). The rea son is that to get con sis tent

re sults in prob ing, con sis tent feedrate is mandatory. Once op ti mized for the best per for mance, it

will re main the same for any prob ing.

Technique 6

The probe touched the part twice - once to re set its po si tion in the stem (if nec es sary), the sec -

ond time it was the ac tual prob ing that was reg is tered as off set.

Other tech niques have been used in this and other ex am ples through out the hand book. The main 

objective here was to show some prob ing mac ros and ex plain their de sign. There was no at tempt

to de scribe the ac tual work ings of prob ing de vices from dif fer ent man u fac tur ers. Many man u fac -

tur ers of fer their own mac ros, suit able for their equip ment.

Skip Com mand G31

Through the prob ing mac ros, there was spe cial G-code used - one that is not a part of any other

stan dard pro gram or macro de signed for ma chin ing. This com mand is G31. In the man u als, it is

usu ally de scribed as the 'skip com mand' or 'skip func tion'. In many ways, this com mand be haves

the same as the lin ear mo tion G01 - so why can not G01 be used? The an swer is sim ple. Dur ing a

G01 mo tion, the tar get po si tion is es tab lished by the XYZ co or di nates and the mo tion takes place

at a pro grammed feedrate. Dur ing G31 mo tion (also at a pro grammed feedrate), the XYZ tar get

co or di nates are also es tab lished. The dif fer ence is in the re sult. G01 com mand will nor mally com -

plete the mo tion to the tar get po si tion. This is not ac cept able for prob ing, be cause the tar get po si -

tion is al ways in side the ma te rial and the probe would crash. The tar get po si tion must be in side of

the ma te rial, oth er wise there would be no guar an tee that the prob ing would take place.
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Fig ure 64 il lus trates the gen eral con cept of the skip com mand.

In the top part the pro grammed mo tion and di rec tion is il lus trated. Note the end of mo tion is in

the ma te rial. The bot tom il lus tra tion show what hap pens when the probe makes a con tact with the

ma te rial. It skips the re main der of the mo tion and reg is ters the po si tion, as per macro in struc tions.

The amount of mo tion into the ma te rial does not have to be large, but it must be greater than the

larg est di men sional de vi a tion ex pected.
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ADDITIONAL RESOURCES

Many valu able re sources have been pro vided in this hand book. No sin gle pub li ca tion can cover

all details of the topics presented, par tic u larly those as com plex as Fanuc Cus tom Mac ros. Several 

ad di tional re sources are suit able to in clude at the end. One deals with the ma jor macro re stric tions

and lim i ta tions when it is pro cessed at the CNC ma chine, others sug gest ad di tional read ing.

Lim i ta tions Dur ing Macro Execution

This hand book covers the sub ject of macro pro gram de vel op ment is a fair detail, which means it 

has been re stricted to the coverage of var i ous pro gram ming meth ods and spe cial tech niques. An

experienced CNC op er a tor who works with mac ros on a daily ba sis knows that there are many

sig nif i cant dif fer ences that are unique to mac ros dur ing their ex e cu tion (pro cess ing):  

Sin gle Block Set ting

In many ways, the sin gle block switch set ting (ON/OFF switch) at the con trol panel works the

same way for macro pro cess ing as it does for pro cess ing of stan dard pro grams. There are ex cep -

tions - these are the most no ta ble:

u Macro call commands G65-G67 ... will not stop in single block mode

u Math e mat i cal (arith me tic) ex pres sions ... controlled by a parameter setting

u Con trol com mands ... controlled by a parameter setting

As in some other ex am ples, this is one of the con trol-spe cific set tings and check ing the con trol

spec i fi ca tions sup plied by the man u fac turer is very im por tant.

Block Num ber Search

When the con trol sys tem is in the macro ex e cu tion  mode (macro pro cess ing mode), the block

num ber search (se quence num ber search) can not be done.

Block Skip Func tion

Block Skip Func tion is iden ti fied in the CNC pro gram with the slash sym bol (/). The same slash 

sym bol is also used in macro ex pres sion as a sym bol for arith me tic di vi sion of two val ues. Nor -

mally, the block skip slash code is used at the block be gin ning, but some con trols sup port a slash

code be ing pro grammed in the mid dle of the block. When a macro that con tains the slash code for

di vi sion is pro cessed by a con trol sys tem that also sup ports mid-block skip func tion, the con trol

will eval u ate the ex pres sion first.

295

 24 

FANUC CNC Custom Macros

Copyright 2005, Industrial Press Inc., New York, NY - www.industrialpress.com



If the slash sym bol is part of a math e mat i cal ex pres sion en closed in square brack ets, it will be

pro cessed as a di vi sion sym bol, not a mid-block skip func tion:

#31 = 10.0 Initial value set

#32 = [#31/2] Division operation - #32 = 10.0/2 = 5.0

#33 = #31/2 Mid-block skip - #33 = 10.0  if block skip ON

The simple ex am ple shows the pos si bil ity of a se ri ous er ror as a re sult of not know ing the con -

trol system well. Most con trols do not al low mid-block skip func tion, only and the be gin ning.  

MDI Op er a tion

Of ten it is nec es sary to test one of more program blocks in the Man ual Data In put mode (MDI)

rather than from the con trol memory. If the program block to be ex e cuted in the MDI mode is a

macro call us ing the G65 P- command, the con trol sys tem will pro cess this re quest nor mally and

calls the spec i fied macro by its num ber and as sign ments, as expected. How ever, the MDI mode

can not be se lected to call a macro program, while the au to matic op er a tion is in ef fect.

Edit Mode

Pa ram e ters that con trol the ed it ing of subprograms or macro pro grams within the range O8000

to O8999 and O9000 to O9999 can be set to al low or dis al low ed it ing or de le tion of pro grams in

these ranges. If a macro (or a subprogram) is proven cor rect and used fre quently, it should be pro -

tected by a pa ram e ter set ting from be ing ac ci den tally ed ited or even de leted.

Con trol Re set

When the RESET key is pressed at the con trol panel, all lo cal vari ables within the range of #1 to 

#33 will be au to mat i cally cleared. Also cleared will be com mon vari ables within the range #100

to #149. When a vari able is cleared, it is set to a null value, which means it is equal to #0 (not

zero). If it is nec es sary to keep these vari ables from be ing cleared by the RESET key, a pa ram e ter

can be changed for that pur pose. Check the Pa ram e ter Man ual of the con trol sys tem for de tails.

Press ing the RESET key also re turns the macro pro cess ing (execution) to the main pro gram

level (top level). In prac tice, it means all ac tive subprograms, mac ros, con di tions, loops (such as

DO statements), etc. will bee cleared (cancelled).

Feedhold Switch

The pur pose of the feedhold switch (or but ton) is to stop axis mo tion in the mid dle - be tween the 

start po si tion and the tar get po si tion. When the feedhold switch is ac ti vated (turned ON) dur ing a

macro pro gram ex e cu tion, the axis mo tion stops af ter the macro state ment has been pro cessed.

Un re lated to the feedhold switch set ting, the axis mo tion also stops when the op er a tor presses the

RESET key, or when an er ror con di tion (alarm) is gen er ated.
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Knowledge for Macro Pro gram ming

Any pub li ca tion that of fers CNC macro pro gram ming is gen er ally con sid ered a pub li ca tion con -

tain ing many ad vanced pro gram ming top ics. Ide ally, only ex pe ri enced CNC pro gram mers should 

open this hand book and learn from it. How ever, that is not al ways the case, as many ju nior and

less ex pe ri enced pro gram mers find them selves in the po si tion to de velop a macro pro grams.

All ad vanced sub jects de pend on a cer tain 'ba sic core' knowl edge and un der stand ing of some

gen eral prin ci ples that are nec es sary to ad vance from one level to the next - this hand book is no

ex cep tion. As a pub li ca tion, it has been de signed to stand on its own - there is no re la tion ship to

any other pub li ca tion or tech ni cal text men tioned (all ref er ences are only sug ges tions).

Through out the hand book, many dif fer ent sub jects were pre sented in clud ing many that have no

equiv a lent in man ual pro gram ming or even CAM pro gram ming. All sub jects in this cat e gory are

new sub jects, and the pur pose of the hand book was to ex plain them in de tails. Hope fully, that has

hap pened. As macro pro gram ming is con sid ered a high-level pro gram ming, it is heavily de pend -

ent on pro gram ming prac tices from var i ous lower lev els. These prac tices are not de scribed in this

spe cial ized hand book. For those us ers who wish to ei ther re view or even learn the ba sics of CNC

pro gram ming in de tails, the best sell ing CNC Pro gram ming Hand book, also pub lished by In dus -

trial Press, New York, NY (www.industrialpress.com), of fers all the an swers.

In par tic u lar, thorough un der stand ing of the fol low ing items is ab so lutely crit i cal as the core

knowl edge, in order to de velop macro pro grams, even at their low est level:

o Gen eral skills

o Manual programming experience

o Math applications

o Setup practices

o Ma chin ing prac tices

o Con trol and ma chine op er a tion

This above list can be ex panded quite a bit, but it has ad dressed the nec es sary ba sics as is. Let's

eval u ate these items in di vid u ally. Some have been men tioned at the be gin ning, oth ers are new in

this sec tion. 

Gen eral Skills

Even be fore en ter ing the field of macro pro gram ming, any CNC programmer should possess

several skills that are used all the time in the pro gram ming process. It should be un der stood that

macro pro gram de vel op ment is not nor mally as signed to a per son with lim ited ex pe ri ence, or a

per son who has no knowl edge of the var i ous basic CNC pro cesses and as so ci ated ma chin ing, in -

clud ing some ex pe ri ence in man ual pro gram ming. The abil ity to in ter pret en gi neer ing draw ings is 

im por tant and ba sic at the same time, but for mac ros, the abil ity to see two or more such draw ings

as pos si ble can di dates for a macro de vel op ment is even more im por tant. There are many fea tures

in macro pro gram ming that can be closely re lated to the op er a tion of a fully fea tured high-level

sci en tific cal cu la tor. Build ing for mu las, us ing vari ables, pro gram ming loops, etc., is no dif fer ent

for a so phis ti cated cal cu la tor then for a macro pro gram running a CNC ma chine tool.
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Man ual Programming Ex pe ri ence

Man ual pro gram ming re quires the knowl edge of G-codes, M-codes and hun dreds of other con -

trol sup ported fea tures that form the struc ture of any part pro gram. Macro pro gram ming method

is part of a man ual type pro gram de vel op ment - the only com puter in volved in the pro cess is the

CNC sys tem that pro cesses the macro - a CNC sys tem is not de signed to cre ate mac ros. In this

hand book, many macro ex am ples or spe cific ap pli ca tions have dealt with sub jects such as pro -

gram for mats, modal and non-modal com mands and functions, subprograms, off sets, fixed cy -

cles, data set tings, au to matic cornerbreaking, and many oth ers. In es sence, these sub jects are all

part of the stan dard man ual pro gram ming. It is im pos si ble to cre ate any sig nif i cant macro pro -

gram with out a good knowl edge of these and other sub jects.

Math Applications

CAM style pro gram ming needs vir tu ally no math knowl edge, while man ual pro gram ming de -

pends heavily on math. Mac ros do not re quire ad di tional math knowl edge, only a dif fer ent way of 

ap ply ing it. Basic arith me tic, al ge bra, trig o nom e try, etc., fall into the 99%+ of all math needed

in CNC pro gram ming. Mac ros in volve math cal cu la tions sim i lar to those done on a pocket cal cu -

la tor. As many ex am ples in the hand book have il lus trated, math e mat i cal ap pli ca tions are a very

im por tant part of macro de vel op ment.

Setup Prac tices

How to ma chine a part for pro duc tion is a critical skill for any CNC pro gram ming, in clud ing

macro pro gram ming. Along goes the knowl edge of ma chine setup, fix tures, tool ing, etc. Al -

though mac ros do not cover any phys i cal setup, many macro ac tiv i ties are setup re lated at the con -

trol level - for ex am ple, to as sign work off set, tool length off set, cut ter ra dius off set, etc.

Ma chin ing Prac tices

Ma chin ing prac tices in clude all ma chine shop oriented sub jects that are as ba sic as gen eral un -

der stand ing of speeds and feeds, con cepts of workholding, fix tures, tools, ma te ri als, cool ants,

etc. Within these skills are other skills, more fo cused, and more spe cial ized - for ex am ple, var i ous 

ma chine shop for mu las, spe cial ma chin ing tech niques and op er a tions, unique ma te ri als, etc., all

help to de velop a better macro. 

Con trol and Ma chine Op er a tion

Op er a tion of a CNC ma chine is just a little more than an op er a tion of the CNC system. Know -

ing the con trol sys tem of a par tic u lar ma chine tool is important to ev ery part pro gram mer or ma -

chine op er a tor - know ing the same con trol sys tem even better and in more depth is ab so lutely

critical to a macro pro gram mer. Even the small est and least significant fea ture of the con trol unit

may have sig nif i cant ef fect on the macro de vel op ment, par tic u larly in the ar eas of de faults, off -

sets, pa ram e ters, sys tem vari ables, and all other stan dard and unique fea tures. For any macro de -

vel op ment, be ing fa mil iar with the con trol and its as so ci ated ma chine is very im por tant.
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Complementary Resources

The above sec tion mainly re lated to the sub ject of knowl edge for macro pro gram ming - even

while sim i lar topics have al ready been stated in the first chap ter of the hand book. The last sec tion

has also pre sented many new sub jects, mainly those cov ered within the pages of this pub li ca tion.

Industrial Press, Inc.

For those us ers that seek ei ther a re fresher up date or for those that need to learn the ba sic sub -

jects from ground up, In dus trial Press, Inc. is an es tab lished pub lisher of many tech ni cal books

that can help. For the pur pose of learn ing the pre-macro sub jects in the CNC pro gram ming field,

the best-sell ing CNC Pro gram ming Hand book of fers just about all an swers in great de tails. This

very pop u lar publication has been accepted as an ex cel lent in-depth re source for vir tu ally all ev -

ery day CNC pro gram ming pro jects.

The com plete list ing of all CNC Pro gram ming Hand book chap ters is listed on the en closed CD

Internet

The internet and the world wide web is an ex cel lent source of find ing many CNC ori ented sub -

jects. There are many re sources - some are su pe rior to oth ers, but there are also those that are me -

di o cre and some even out right wrong. Mac ros be long to all these cat e go ries. Most mac ros posted

on the internet are well in tended, but may only work for a par tic u lar ma chine/con trol com bi na -

tion. Many - even those that work - lack any sig nif i cant doc u men ta tion. In other words, use the

good old ca veat emp tor ap proach. Internet can be a mine of gold or a pit of gravel.

Prac ti cal Programming Approach

No pub li ca tion that cov ers the sub ject as in volved as of cus tom mac ros (user mac ros) can thrive

on the pro vided ex am ples only. Hope fully, this hand book has of fered a valu able source of in for -

ma tion, tips, tricks, short cuts, as well as thor oughly doc u mented ex am ples re lat ing to Fanuc Cus -

tom Macro B con trol op tion. Al though a part of CNC pro gram ming for more than two de cades,

cus tom mac ros have been very se verely underutilized. Al though they are an op tion of the con trol

sys tem, mac ros are be com ing a very at trac tive pro gram ming method that has a unique place in a

CNC ma chine shop - they en hance cur rent man ual pro gram ming meth ods, but they do not re place

CAD/CAM sys tems or con ver sa tional type programming. If fact, mac ros of fer fea tures that no

other pro gram ming method can achieve. Whether new to mac ros, or just picked up the hand book

for ref er ence, you will find that once you start pro gram ming with mac ros, it will be very dif fi cult

to go back. That does not mean mac ros are use ful for all ap pli ca tions, but for the suit able ap pli ca -

tions, mac ros re ally bring many su pe rior ben e fits.

In clos ing, and in the form of a few fi nal notes, here are some tips sum ma rized from the hand -

book, tips that may worth keep ing handy when de vel op ing a macro pro gram:
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Macro Pro gram ming Tips

u Always have an objective - decide on the main reason for the new macro

u A macro should not do everything - shorter macros are better than a large one

u Plan ahead and plan well - get organized

u Do not count on various default values and settings

u Develop a flowchart or at least a pseudo-code before writing the real code

u Draw sketches, draw views, draw other pictures - visualize each macro stage

u Assign variables meaningful addresses, if possible

u Use common variables only when they benefit the macro

u Write the core of macro first, add ‘bells and whistles’ when macro is verified

u Do not sequence every block in a macro - only the reference blocks

u Do not change sequence numbers in a macro - include warning message

u Write portable macros - make them compatible with many other controls

u Write one macro to work for either metric or inch input

u Watch for endless loops

u Force alarms for erroneous or missing input

u Save all current settings before changing them - restore them when macro exits

u Document macros internally

u Include programmer’s name and date of last revision

u Protect special purpose macros from editing and deleting

u Never assume anything - or as they say 'Assume nothing!'
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MACRO COURSE OUTLINE

The above ti tle should ac tu ally read 'Sug gested Macro Course Out line'. Many com pa nies, com -

mu nity col leges and var i ous train ing fa cil i ties do of fer dif fer ent in-house tech ni cal courses, de vel -

oped and con ducted by many pro fes sion als ex pe ri enced in the pro gram be ing pre sented. This last

chap ter of fers a gen eral cur ric u lum for a com pre hen sive Fanuc Cus tom Macro train ing course,

based on this handbook. Its pur pose is to pro vide the mul ti tude of im por tant top ics nec es sary to

con duct a suc cess ful cus tom macro train ing pro gram. The out line is only a sug ges tion and is

meant to be mod i fied to suit par tic u lar train ing needs. Ta ble of con tents at the be gin ning of this

hand book may help in this re spect.

Feel free to ad just the course out line to your needs and fit it to your train ing sched ule. For con -

ve nience, the text of the out line is also in cluded on the CD that ac com pa nies this hand book.

Macro Course Outline

Course Ti tle: IN TRO DUC TION TO FANUC CUSTOM MAC ROS

Du ra tion: 36 - 42 hours

Pre req ui sites: General knowledge of manual CNC programming,
CNC machining and setup

The typical stu dent is one with a strong knowl edge of CNC pro gram ming, par tic u larly of
the part pro gram struc ture, G-codes and M-codes, as well as subprograms - these subjects 
will be of most ben e fit. Knowl edge of a high level pro gram ming lan guage is helpful but not 
nec es sary. The participating stu dent should also be fa mil iar with the ba sic op er a tion of a
CNC con trol panel and general machining practices. On an intellectual level, the student
should be a quick thinker, able to search for solutions to various problems. The student
should also have a strong background in mathematical applications for machine shop.

Course De scrip tion and Objective:

This course is the high est lev els of CNC Pro gram ming train ing. The stu dent will learn from
the be gin ning, with pro gres sively more ad vanced sub jects re lat ing to the de vel op ment of
cus tom ized CNC pro grams (macros). The main ob jec tive of the train ing program is to
fa mil iar ize the stu dent with Fanuc macro con cepts, their for mat, struc ture, as well as the
ap pli ca tions in a typ i cal ma chine shop.

Start ing with a brief re view of stan dard CNC con cepts, mainly G-codes, M-codes, and
subprograms, the stu dent will learn how to un der stand Fanuc macro struc ture and
de velop prac ti cal macro ap pli ca tions. The main em pha sis of the course will be on correct
pro gram ming style and ap pli ca tions de vel op ment for ef fi cient and pro duc tive CNC us age.

One of the most im por tant fea tures of this train ing pro gram is de vel op ment of ac tual
macro rou tines the stu dent can use upon com ple tion of the train ing. Train ing ses sions are
de signed around var i ous exercises and prac ti cal pro jects the stu dent will be do ing.

Access to a control system with the macro option is optional.
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Method of Train ing:

Only an ex pe ri enced pro fes sional CNC in struc tor will run this course. All ses sions in this
pro gram will be based on guid ing the stu dent to solve a prob lem, rather than pre sent ing
ar bi trary so lu tions. A copy of the com pre hen sive Fanuc Custom Mac ros handbook
(published by Industrial Press, Inc.) will be sup plied to each stu dent, to be kept for future
ref er ence.

u INTRODUCTION TO MACROS

o Gen eral In tro duc tion

o CNC Pro gram ming Tools

o What is a Macro Pro gram ming

o Us age of Mac ros

o Groups of Sim i lar Parts

o Off set Con trol

o Cus tom Fixed Cy cles

o Spe cial G-codes and M-codes

o Alarm and Mes sage Gen er a tion

o Prob ing and Gaug ing

o Short cuts and Util i ties

u BRIEF REVIEW OF PROGRAMMING TOOLS

o G-codes and M-codes

o Pre pa ra tory Com mands

o Mis cel la neous Func tions

o De fault Set tings

o Modal Val ues

o Pro gram ming For mat

o Rules of Subprograms

o Subprogram Nest ing

u SYSTEM PARAMETERS

o What are Pa ram e ters

o Binary Numbers

o Pa ram e ter Clas si fi ca tion

o Pa ram e ter Data Types

o Set ting and Chang ing Pa ram e ters

o Pro tec tion of Pa ram e ters

o Chang ing Pa ram e ters

o Sys tem De faults
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u DATA SETTING

o Data Set ting Com mands

o Co or di nate Mode

o Work Off sets

o Mem ory Types - Mill ing and Turn ing

o Ge om e try Off set

o Wear Off set

o Ad just ing Off sets

o Ab so lute Mode

o In cre men tal Modes

o Tool Off set En try

o MDI Data Set ting

o Pro gram ma ble Pa ram e ter En try

o Modal G10 Com mand

o Ef fect of Block Num bers

u MACRO STRUCTURE

o Ba sic Tools

o Vari ables

o Func tions and Con stants

o Log i cal Op er a tors

o De fin ing and Call ing Mac ros

o Macro Def i ni tion

o Macro Call

o Ar gu ments

o Macro Pro gram Num bers

u CONCEPT OF VARIABLES

o Types of Macro Vari ables

o Def i ni tion of Vari ables

o Vari able Dec la ra tion

o Vari able as an Ex pres sion

o Us age of Vari ables

o Re stric tions

o Cus tom Ma chine Fea tures

u ASSIGNING VARIABLES

o Lo cal Vari ables

o As sign ment Lists

o Sim ple Macro Call
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o Modal Macro Call

o Main Pro gram and Vari ables

o Lo cal Vari ables and Nest ing Lev els

o Com mon Vari ables

o Vol a tile and Non-vol a tile Groups

o In put Range

o Protecting Variables

u MACRO FUNCTIONS

o Func tion Groups

o Def i ni tion of Vari ables

o Ref er enc ing Vari ables

o Va cant Vari ables

o Arith me tic Func tions

o Di vi sion by Zero

o Trig o no met ric Func tions

o Round ing Func tions

o Mis cel la neous Func tions

o Log i cal Func tions

o Bi nary Num bers

o Con ver sion Func tions

o Eval u a tion of Func tions

u SYSTEM VARIABLES

o Iden ti fy ing Sys tem Vari ables

o Sys tem Vari ables Groups

o Read Only Variables

o Read and Write Vari ables

o Dis play ing Sys tem Vari ables

o Sys tem Vari ables for Var i ous Con trols

o Or ga ni za tion of Sys tem Vari ables

o Re set ting Pro gram Zero

u TOOL OFFSET VARIABLES

o Sys tem Vari ables and Tool Off sets

o Tool Off set Mem ory Groups

o Tool Off sets and the Num ber of Off sets

o Tool Offsets and Control Types

o Tool Set ting
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u MODAL DATA

o Sys tem Vari ables for Modal Com mands

o Pre ced ing and Ex e cut ing Blocks

o Modal G-codes

o Sav ing and Re stor ing Data

o Other Modal Codes

u BRANCHING AND LOOPING

o De ci sions in Macro Development

o IF Func tion

o Con di tional Branch ing

o Un con di tional Branch ing

o IF-THEN Op tion

o Sin gle Con di tional Ex pres sions

o Com bined Con di tional Ex pres sions

o Con cept of Loops

o WHILE Loop Struc ture

o Sin gle Level Nest ing Loop

o Dou ble Level Loop

o Tri ple Level Loop

o Other Con di tions

o Re stric tion of the WHILE Loop

o Con di tional Ex pres sions and Va cant Vari ables

o Clear ing 500+ Se ries of Vari ables

u ALARMS AND TIMERS

o Alarms in Mac ros

o Alarm Num ber

o Alarm Mes sage

o Alarm For mat

o Em bed ding Alarm in a Macro

o Re set ting Alarm

o Mes sage Vari able

o Tim ers in Mac ros

o Time In for ma tion

o Tim ing an Event

u AXIS POSITION DATA

o Axis Po si tion Terms

o Po si tion In for ma tion
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u AUTOMATIC OPERATIONS

o Con trol ling Au to matic Op er a tions

o Sin gle Block Con trol

o M-S-T Func tions Con trol

o Feedhold, Feedrate and Ex act Check Con trol

o Sys tems Set tings

o Con trol ling Num ber of Ma chined Parts

u PARAMETRIC PROGRAMMING

o Variable Data

o Benefits of Parametric Programming

o Families of Similar Parts

o Macros for Machining

o Macros as Custom Cycles

u PROBING WITH MACROS

o Probing Fundamentals

o In-Process Gauging

o Part Features Measurement

o Calibration Devices

o Sample Program Evaluation

Closing Comments

In no way is the pre sented pro gram out line of fered as the best pos si ble course pre sen ta tion. In

some ways, the out line fol lows the ma te rial in this hand book, but it also de vi ates from it. Keep in

mind that the hand book has been de signed mainly as a ref er ence re source, not a par tic u lar course

ma te rial. How ever, the top ics pre sented can serve as ex cel lent source for build ing a cus tom ized

course on Fanuc mac ros.
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WHAT'S ON THE CD-ROM ?

The in cluded bo nus CD-ROM pro vides an eas ier ac cess to most pro grams cov ered in the book,

in clud ing all ma chin ing mac ros and other files, so they can be printed or mod i fied if nec es sary.

Through the menu se lec tion, choose the item of in ter est.

2 Re quire ments:

1. Win dows XP (Home or Pro fes sional edi tion strongly rec om mended)

2. CD-ROM drive

3. Adobe Reader ver sion 5 or higher (formerly known as the Acrobat Reader)

2 Us ing the CD-ROM:

1. Insert the CD into the CD-ROM drive

2. The Main Menu should ap pear au to mat i cally

3. Use the Main Menu to nav i gate through all avail able op tions

4. Press the EXIT but ton to exit CD brows ing

2 Notes:

If the Main Menu does not ap pear au to mat i cally, the AutoPlay func tion in Win dows XP may

have to be ac ti vated. The free util ity Adobe Reader v5+ is re quired to view and print all se lected

PDF files from the CD-ROM. If you en coun ter a dif fi culty open ing any PDF file from the disk,

in stall the free Adobe Reader ver sion pro vided on the CD-ROM (uninstalling the older ver sion

may be nec es sary).

The CD-ROM also in cludes all the ma jor pro grams and mac ros listed through out the book. Spe -

cif i cally, the menu se lec tion cov ers all mac ros and as so ci ated il lus tra tions (drawings) listed in the

Chap ter 20 - Mac ros for Ma chin ing, as well as the macro for a spe cial cy cle de vel op ment listed in

Chap ter 21 - Cus tom Cy cles.

In ad di tion, other menu se lec tions offer sev eral sup ple men tary re sources:

o A sug gested Fanuc Cus tom Macro B course out line as a Microsoft Word file

(feel free to mod ify this file to suit your train ing needs)

o Sev eral draw ings usable for macro development are also in cluded

o Draw ings in the PDF format that can be used as hand outs or for classroom ex er cises

o Two probing macros

o Other ref er ences
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