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ABSTRACT 

The mission has been undertaken under the project 
'The Establishment of a Computer Aided Design and 
Computer Aided Manufacturing Centre' DP/SRL/86/014 

The immediate objective of the missio~ was to 
assist the University of Moratuwa, Department of 
Mechanical Engineering in the development of 
training capabilitie~ in NC Part Progranming. 

The mission lasted one month from June 12th to 
Ju I y 11th 1989. 
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FINDll'GS Al'JD RECCMENDATIONS 

1. Having discussions with the faculty members and 
considering the industrial activities of the country the 
basic fiEdds can be identified for the ec'Jnomical and 
successful uti I isation of CAM. Some of these fields are: 

- agricultural machinery and equipment 
- plastic industry 
- rubber industry 
- and basicallly at all sectors where spare parts 

a re man u f a c t u red (ma i n ten an c e depot s o f t he 
transportation system, of paper industry 
mac h i n e r y , o f mac h i n e r y f or o i I i n du s t r y etc ) • 

2. Based on experience and recent discussions and mee 
tings the following organisations can be especially 
interested in the near future work of the CAD/CN/t Centre. 

Central Engineering Consultancy Bureau 
Ceylon Institute of Scientific and Industrial 
Research 
Ceylon Petroleum Corporation 
Ceylon State Hardware Corporation 
Ceylon Steel Corporation 
Colombo Commercial Co. Ltd. 
Colombo Dockyard Ltd. 
Engineering Consultants Ltd. 
Hemas Marketing Ltd. 
National Engineering Research and Development 
Centre 
Sri Lar.ka Central Transport Board 
Sri Lanka Tyre Corporation 
State Engineering Corporation of Sri Lanka 

3. The uti I isation of new technologies highly depends on the 
knowledge and attitude of the engineers and executives of 
the industry. The present capacity of the CAD/CflM Centre 
already can serve as a starting basis for a series train­
ing courses and demonstrations for the graduated en­
gineers actively engaged in the field. This activity 
should be a nation-wide mission, t:herefore the sup­
port and the participation of the Institution of En­
gineers Sri Lanka is desirable. 

4. The level of cooperation and the number of co~tracts 
between the University and the industrial sector can be 
raised as soon as the CAD/CPM facilities of the Univer­
sity be widely pub I icised with the training courses. Even 
the most potential users are likely to require a series 
of production tests under contract before deciding the 
installation of the CNC or CNlt technology. 
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5. During the period of the mission the Computer Centre of 
the University was instal I ing the latest shipment of com­
puters including 16 AT com~atibles, micro VAX 3600-s etc. 
The hardware capacity of the University makes possible 
the receiving of both more sophisticated CAE/CAD/CAM 
software packages and large student groups. The CAO/CAM 
Centre has to have on its premises the ful I processing 
power of the systems used therefore the developing of the 
local area network is strongly recommended. 

The lack of a computer aided part programing system was 
sever I y fe It. The purchase of a CAO/CAM system in the 
nearest future is desirable. The more sophisticated sys­
tems ( eg EUCLID [ F] or EUKLI D (Oi] ANV I Ll.5000 [US] etc ) 
are modular structured. The consequence is that the pur­
chase of one of these systems needs careful analysis of 
the present needs (just basic CAD/CAM, MJULDFLON module 
or finite element module is also needed etc.) and the 
future needs of system integration (standardised inter­
faces exist or not etc.) and the budget limitations also 
should be considered. 

These circumstances and the variable need of industry to 
be fulfilled by the CAO/C/lM Centre, and the fact that the 
majority of parts are not designed but only remanufac­
tured suggest that besides the purchase of a sophisti­
c a t e d CAD I CAM s y s t em t he a c q u i r i n g o f I ow cos t bu t v e r y 
effective software packages for CAPP (Computer Aided 
Process Planning) and CAM is also highly recommended 
(MICLASS, GTIPR<:x;, TUSY etc). 

6. The present undergraduate courses in Production Engineer 
ing have the very basics of c.Mtt. Considerable increase 
of the topics in these courses is beyond the realities. 
Slight changes should be done in favour of more CAM 
topics in the curriculum. Programf'Tling lab work and 
demonstrations en the TAKISAWA/FANUC CNC Manufacturing 
Centre for the students is recommended. 

Dr ama t i c c ha n g e i n t he CAM educ & t i on a I wo r k w i I I be 
resulted if students for Master Degree will enroll in 
the Department. Considering the recent capacity and the 
U\llOOpla:is for the year 1990 the basic facilities are 
avai labl~ to open M.Sc Courses in Mechanical Engineering 
(Production Engineering). Based on a properly prepared 
curricutam the materials and syllabi needed could be com­
p i I e d by t he Fa I I o f 1 9 9 O t o s t a r t M. Sc • s t u d i es • Some 
expert support for thye first acedemie; year is needed to 
launch such a new programme. 
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7. Some text book.s are avai I able at ·the University Library 
on CA~ (see Annexe 1). More books are needed as soon as 
possible because very important parts of cAD/CAPP/CM~ 
haven't been covered recently. See in Annexe 2 the I ist 
of recorrrnended books and journals. 

8. A list of basic international standard~ on NC progr3rrrning 
was compiled (see Annexe 3). To get in contact with the 
Sri Lanka Standards Institution is reconmended to obtain 
the ISO standards. 

9. As part of the program a plan of study tours for the per 
sons concerned with the project has been prepared and is 
due to be undertaken this year. It is suggested that the 
Department of Manufacture Engineering of Budapest Techni­
cal University be included in the program partly because 
o f i t s I on g exp e r i enc e i n t he t r a i n i n g o f CAD I CflM 
specialists partly because of its standing as a national 
CAD/CN/t demonstartion centre. 
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OBJECTIVE OF THE ACTIVITIES Af\D THE DUTIES 

a) Objective 

The objective of the mission was to assist the Univer­
sity of Moratuwa, Department of Mechanical Engineering 
in the development of training capabilities in NC Part 
Prograrmrning. 

b) Duties 

1. To provide lectures on numerically controlled machine 
tools and progranming and train local staff in NC Part 
Progranming. 

2. To elaborate a proper training progranme for local 
staff and prepare in co-operation with the counterpart 
a detailed training progranme for fellowsnip holders. 

3. To assist in elaboration of training methodologies, 
syllabi and lecture notes for courses for students and 
industrial engineers. 
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DESCRIPTION OF ACTIVITIES 

1. The topics of the lectures were discussed in detai I. 
S i n c e Un i v e r s i t y has i n s t a I I e d a t t he CAD I C/lM Ce n t r e a 
TAKISAWA-FA'\JUC CNC Manufacturing Centre the staff members 
have shown good progress in manual NC part programing 
techniques. As a cons6quence the cone I us ion was drawn 
that ~nly the more sophisticated part of manual part 
programming should be dealt with and also emphasize com­
puter aided part programning methods. 

The topics covered in the lect~res are given in Annexe 4, 
the schedule is listed in Annexe 5. 

2. On the afternoon sessions the staff members were engaged 
in CNC part programning on the CNC manufacturing centre, 
to get practice i~ the topics that were of imnediate in­
terest in the lectures. A part programne was elaborated 
for the workshop to demonstrate to the participants the 
flexibility of the 0-.IC techniques. 

3. A workshop was organised (see Annexe 6) for industry 
e n g i n e e r s a n d i n v i t e d pa r t i c i p a n t s i n NC pa r t 
programming. Demonstration CNC programs, computer 
programs and lecture notes were prepared. As a con­
sequence of the prevailing transport and communications 
problems the workshop had to be postponed to a future 
date. 

4. To assist the educational work and to give deep under­
standing and knowledge to the staff members in computer 
aided ?art programning an APT I ike programming systems 
with limited capabilities was specified both in input 
language set and in CLDATA records to be used. 

The staff members with great enthusiasm were involved in 
developing the proc"ssor, which produces CLDATA files 
f o r 2 • 5 D con to u r i n g wo r k s • A f t e r t he bas i c p r i n c i p I es 
of the post processor s~ructure was discussed the staff 
members individually were able to continue and to finish 
the post processor for the TAKISAWA-FANUC CNC machining 
centre. More test runs were produced and this I ittle sys­
tem now can be used both in demonstration and education. 

5. The extensive lecture notes elaborated (see Annexe 7) can 
be used both for education of undergraduates and field 
en~ineers. 
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~EX 1 

Books now available at the University Library on CAPP/CN/i 
technology: 

a-tAMSERS : Drafting and manual programning for numerical 
control (1980) 

GIBBS An introduction to NCl'IJ machining (1984) 

HITCMI Manufacturing systems engineering (1979) 

KUSIAK Flexible Manufacturing systems: 
methods and studies (1986) 

MARTIN Numerical Control of Machine Tools (1970) 
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Al'NEX 2 

Suggested books and journals 

El'CARNACAO: C/lD/CNA INTERFACES (Springer, 1986) 

GRROVER-Z1""""'1ERS : C/lD/CN/t (Prentice Hall 1985) 

PUSTAY-SAVA: C0.4>UTER NJVE~ICAL CO"llTROL (Prentice Hall 1983} 

RBJBOLD-BLLME-DILU..~: CCMPUTER INTEGRATED rvw.ll.JFACTURlf\G 
TEQ-NOLOOY N£J SYSTEMS 
(Springer 1988) 

TEN HAGEN- OiAUDRY: DESIGN RULES FOR CIM SYSTEMS 
(North Holland 1985) 

WARNECKE T(JNARDS THE FACTORY OF THE FUTURE 
(Springer 1985) 

WARNECKE FLEXIBLE MANUFACTURING SYSTEMS 
(Springer 1986} 

1988 /NC GUIDE BOOK 
(Modern Machine Shop, Cincinatti, Ohio 

19S8) 

CCMPUTER AIDED DESIGN (Pergamon) 
CCMPUTERS IN INDUSTRY (North Holland) 
CCJ,,1PUTER INTEGRATED MANUFACTURING Al'D ROBOTICS (Pergamon) 
Mi\NUFACTURI~ SYSTEMS (CIRP) 
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ISO 3592 

ISO 4342 

•so 4343 

ISO 6983 

ISO/DIS 6132 
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AN-JEX 3 

(ISO standards to be obtained) 

Industrial Automation Systems-Numerical 
Control of Machine Tools- Axis and mvtion 
nemenclature 

Numerical Control of Machines-NC processor 
output-Logical structure (and major words) 

Numerical Control of Machines-NC processor 
input-Part programming reference language 

Numerical Control of Machines-NC processor 
output-Minor El;ements of Zero-Type records 
(r)st-processor conmands) 

On NC program codes 

Extended Format and Data Structures 
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CMJ/~ PROJECT ANNNEX 4 

Lecture programne on NC PART PROORAM.AING 

Lecturer :Dr.T.Markus (UNIDO Expert) 

Venue :Seminar Room, Department of Mechanical Engineering 

Lecture No Topics 

Introductory Basics of NC,a-JC,DNC, applications, manual and 
computer aided part progranming. 

1. Computer aided part progranming. 
Processor/post-processor concept, sample part­
~rogram, level of automation. 

2. Computer aided part programning. Sample part-Program 
for contouring. The CLDATA structure, role and struc­
ture of post- processors. 

3. Computer aided part progranming. Principles of 
30-50 manufacturing. Programning the manufacturing 
of complex surfaces. System structure of a 50 
CAPP/C/lM system, principles of system design 
phi I osophy. 

4. Advanced manual part programning. Address words, 
motion axis,special use of address codes. 
International standards. 

5. Advanced manual part programning. Tool coordinate 
syste~, tool compensation techniques for turning, 
mi 11 i ng. 

6. Advanced manual part programning. Subroutines, 
parameters and macros-1. 

7. Advanced manual part programning. Subroutines 
parameters and macros-2, extended format and data 
structure. 

8. Production planning for NC machines, documents used. 

9. More on computer aided part programning, future 
trends. 
Sculptured surface progranming,the effects of 
control unit capabi I ity on post-processors, systems 
of high level of automation. Towards Computer 
tnt~rgrated Manufacturing (CIM) systems. 
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ANNEX 5 

CAD/CAM PROJECT (DP/SRL/86/014) 
\\ORK SOiEOULE FOR NC PART P~IN3 EXPERT 

Dr. T .MARKUS (LNIOO} 

--------------------------------~---------~--------------------------
Morning 

9 am - 12 noon 
Afternoon 

1.30 - 3.45 pm 
---------------------------------------------------------------------Jll'JE 

Monday 
Tuesday 

Wednesday 
Thursday 
Fri day 

19th 
20th 

21st 
22nd 
23rd 

Discussion with ll'DP/l.Ji~IDO officials 
Arrival at the Department. Preliminary discussion, 
finalisation of programne. 
Introductory Lecture Lecture 1 
Lecture 2 Demonstration 
Lecture 3 Demonstration 

----------------·-----------------------------------------------------
Saturday 
Sunday 

24th 
25th 

WEEKEN> 
Preparation of lecture notes 

---------------------------------------------------------------------Monday 26th Lecture 4 Demonstration 
Tuesday 27th Lecture 5 Demonstration 
Wednesday 28th Lecture 6 Demonstration 
Thursday 29th Lecture 7 Demonstration 
Fri day 30th Lecture 8 Demonstration 
---------------------------------------------------------------------JULY 

Saturday 
Sunday 

01st 
02nd Preparation of report to U\DP. 

---------------------------------------------------------------------Monday 
Tuesday 
Wednesday 
Thursday 
Friday 

03rd 
04th 
OS th 
06th 
07th 

Lecture 9 Demonstration 
Preparations for the Workshop-for Industrialists. 
Workshop for Industrialists - Day 1. 
Workshop for Industrialists - Day 2. 
Drawing up training/fello~ship programne for 
local staff. 
Finalisation of report to ~P. 

---------------------------------------------------------------------
Saturday 
Sunday 

OS th 
09th Departure. 

----------------------------------------------------------------------
Department of Mechanical Engineering 
University of Moratuwa. 
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ANNEX 6 

WorksOOp oo re Part Progranming in CAD/CNA 

Date: 05 06 July 1989 

Cl:>jective& I 

The series of workshops on CAD/CNA topics are intended to create an awareness 
am generate interest ancng practising engineers in this tecmology. It is 
envisaged that these workshops would enable irxlustry personnel. to .identify 
key areas of CAD/OM tecmology am juige the potential of its awlication 
in their own wa.-ricing environrrent. 

In due course, the CAD/CN'i Centre will be in a position to corxlu::t conprehellSive 
training progrannes for irxlustry personnel. in specific areas of CAD/CN't 
awlication. The present series of workshops would thus serve as a famiiarisation 

prograrme. 

05th Wednesday 

9000 - 1215 hrs 

1215 - 1330 hrs 

1330 - 1600 hrs 

06th 'lbursday 

9000 - 1215 hrs 

1215 - 1330 hrs 

1330 - 1600 hrs 

Session I 
Lecture: The role of re, ex: techniqu:!S 

Programning N:, OC nachines. 

Lmch 

Session II 
Denonstration on conputers/ CN: nechining centre. 

Session III 
Lecture: The use of conputers in re progranming. 

Part programning systens. 

Lunch 

Session N 
Denonstration on c .;>0ters/ CN: nachining centre. 

Venue: Seminar Room 
Departrrent of Mechanical F.ngineering, University of H::>ratuwa. 

The worksoop will be condu::ted by UNIOO E>cpert Dr. T. Markus (Associate Professor, 
Departrrent of Manufacturing Engineering, Buiapest Technical University. Hmgary) 

CAD/C'fl11 Centre 
Oep:irtrrent of ~chanical Engineeri&lg, 
Unive~sity of r-brat\JWi3. 
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ANNEX 7 

<Xl'JTENTS 

0 I NTRODUCT I O\I TO t-C/OC/r:;,r.x:, TEOf\11 a.JES .MC>" APPLI CAT I O\IS 

0.1 BASiCS OF t-C/OC/Df'.C TEOl'Jla.JE~ 
0.2 t-C PROORMMIN3 

1 CXJAPUTER A I OED PA.~T PROORAMJI I f-G I 
PROCESSOR/POST-PROCESSOR CO'CEPT, LEVEL OF AUTCMATI~ 

2 CCMPUTER A I OED PART PRcx;RNA.A I flG I I 

2 • 1 CXNTOUR I N3 
2.2 CL.DATA STRUCTURE 
2.3 POST PROCESSOR 

3 00-APUTER AIDED PART PROORAt.f..41N3 111 
PROORAt..4.A I N3 3D- 5D MANUF ACTUR I N3 

3 • 1 MAt-1.JF ACTUR I N3 OF 5D SURF ACES 
3.2 SYSTEM STRUCTURE OF A 5D CAPP/CNA SYSTEM (FAUN) 

4 ADDRESS CCDE , AX I S , N>D ~UT I O\I f'O.EtCLATtJRE 

4 • 1 M:>T I O\I NV AX I S 
4.2 CXNTROL CCMMNDS OF tC/CNC UNITS 

5 CXX>RDINATE SYSTEMS, TOOL CORRECTIO\I TEa-Nla.JES 

5.1 CXX>RDINATE SYSTEMS 
5. 2 PROORAM.11 N3 TOOL M:>VEt.AENTS O\I MI LL I N3 MAQ-i INES 
5.3 TOOL COIAPENSATIO\I O\I LATHES 

6 AOVN¥'£D MAN.JAL PROORMMIN3 
SUBROUTINES ND MACROS- I (FANl£ - 0-f\/B) 

6 • 1 SUBPROORN.AS 
6. 2 CUST0..1 MACRO - A 

7 ADVANCED MANUAL PROORAM.A I N3 I I 
MACROS-II (FANUC - 0-MB} 

7 • 1 CUSTOJI MACRO - B 
7.2 EXTENDED FORMAT /1J'-V DATA STRUCTURE 

8 PRODUCTIO\I PLAf\t.JIN3 ANO IX>ClJ1.ENTATIO\I FOR 
tC/CtC MANUFACTUR1t-X3 

9 M:>RE O\I CCMPUTER AIDED PART PROORAMJlll\G 
FUTURE TRENDS 

9. 1 SCLiLPTURED SURF ACE PROORAfAv1 I N3 

A-1 LIST OF MATERIALS USED TO COJIPILE THE LECTURE NOTES 
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'l. INTRCDUCTIGJ TO te/OC/r:N::. TEa-f\.llQUES Al'\O APPLICATIGJS 

The methods of production is shown on Fig.0.1. 

[ M:THJOS OF PROOUCT I°" I 
I 

PRCD.JCTIGJ 
OF S ll'GU: PARTS 

BATOi PRCDUCTIGJ 

~L SIZE LOTS 
M:DllM SIZE LOTS 
LARGE SIZE LOTS 

Fig. 0.1 

~S PRCXXJCTIGJ 

The automation of large size lots and mas~ production has 
been solved by using different types of automation (e.g. cam 
operated automatic lathes, production I ines etc.) 

The methods used for the automation of the product ion of 
large size lots and of mass production are not economical 
for single parts (and small/medium lot sizes). 

However one of the basic cha rater i st i c f ea tu res of machine 
industry is the production of smal I and medium size lots. On 
this field of application te/OC technique is the excellent 
solution. 

0 • 1 BAS I CS OF t¥:; I O'C /r:l:C TEa-f\.11 QUES 

These techniques are one type of programnable automation 
methods where the whole process is control led by 
comnands which are constructed of I etters, numbers and 
symbols. The control commands are prepared either 
manually or by using computers. 

The technology has a wide variety of applications 
including: 

- drafting, 
- sheet metal press working, 
- cutting technologies, 
- assembly, 
- spot welding, 
- inspection etc. 

The general reasons for t-X:,/0-.C techniques are as fol low: 

- high efficiency of te/0-.C fT1achine-tools 
(an average factor of 4 is used for estimations) 

- the workpieces need higher precision and 
uniformity. 

- overall trend for higher flexibility bec;ause 
of smaller production lots and shorter product 
life cycles. 

- optimization of the production flow 
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- decreasing costs of computer hardware 
- need to increase the quality of work. 
- obvious trend to integrate CAD with CAM. 

D i sad van t ages a ~ e : h i g he r i n v es t men t co s ~ , h i g he r 
maintenance cost, trained personnel is needed. 

The more concrete examination of l\C/Dl'C techniques 
suggests the application if the following 
characteristics exist: 

- frequent production of parts in small/medium lot 
sizes 

- the part geometry is complicated 
- many operations are executed on the part 
- frequent changes of engineering design 
- tight tolerances on the workpiece 
- expensive material/workpiece, where 

production failure results high costs. 

0. 1 • 1 N.AER I CAL ca-rrR0L. 

The basic components of l\C systems are: 
- part programne (control conmands) 
- l\C controller unit (or machine control 

unit = ~) 
The numerical controller generates those 
movements which carry out the machining of 
workpieces with the relative motions between the 
tool and the workpiece. The information source is 
the l\C part program which contains the necessary 
geometrical and technological data for the 
machining. 
The~ process can be illustrated as shown on 
Cjg ~.2. 

PROCESS PLANNING 
SEQUENCES,CUTTING DATA, 

TOOL SELECTION · 

l 
NC PART PROGRAMMING 

Fig o.? 

' NC PART PROGRAM· 

VERIFICATION 

~ 
PRODUCTION PROCESS ON 

NC MACHINE 

s OT tne convent1ona The basic e I ement cont ro I 
units: 

- tape reader 
- data buffer 
- signal output channel to machine tool 
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- feedback channel from machine tool 
- sequence controls for coordinating the 

operations. 

The machine-tools are very flexible, minimising 
idle time. Automatic tool changers are equipped, 
one of the bas i c f u n ct i on s i n the wo r k p i e c e 
positioning. On the newer machining centers two 
tables or pallets are used, the workpiece load­
ing or unloading can be made during the produc­
tion of an other part. 

0. 1 • 2 COtPUTEr: Nl..fER I CAL cnITROL (a-JC) 

The evc.ution of computer technology and control 
techniques resulted the appearance of OlilC units. 
This means, that the convent i ona I hard wired NC 
controller unit is replaced by a minicomputer 
(microcomputer). 

The CNC technique brought solutions for some 
problems which existed .n NC. These difficulties 
were as f o I I ows : 

- The NC part program always needs a debugging 
verification procedure, the necessary changes 
meant an uncomfortable procedure at NC 
machines 

- during the manufacturing process there was 
not possibility to change certain parameters 
(eg. speeds and feeds) 

- the punched tape/tape reader coplex was 
always the last reliable unit of the system. 

The CNC system is extremely flexible, where a 
Control Processing Unit (CPU) supervises the 
I o g i ca I con t r o I , g e ome t r i c d a t a p r o c e s s i n g , 
program execution. a-JC is a typical software con­
trol system. 

The basic tasks of the microprocessor are: 

-system management 
-data input/output 
-data corrections 
-control of NC program execution 
-processing of operator corrmands 
-output of NC process variables to the display 

The advantages of a-JC can be surrmer i sed in the 
following statements: 

- NC tape and tape reader have to be used just 
once ( i f t he NC p r o g r am med i a i s punched 
tape ) , p r o g r am e d i t i n g and v e r i f i ca t i on i s 
done at machine-tool. 

increase of flexibi I ity, wide variety in NC 
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program us~ lparameter programning, use of 
macros or subroutines). 

- ability to serve information for a com 
puterised factory-wide manufacturing system. 

0.1.3 Direct Numerical Control (Cl'C) 

Cl'C is a manufacturing system where the machine 
tool con~rots are interconnected to an external 
process computer. 
The basic components are shown on Fig.0.3 

COMMUNICATION 
LINES 

CENTRAL 

COMPUTER 

Pig 0.3 

NC PROGRAM 
IN HEHORY 

r----.&.-- MACHINE 

TOOLS, 
.~iiiilml 

INSPECTION 
MACHINES ETC. 

The DNC systems are generally 'tapeless' systems, the 
main error source this way is eliminated. Some of the 
basic functions of ONC system are: 

- Administration of part program for the machine 
tool 

• input, storage, output, protocoling, 
editing, copying, erasing 
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• administration of NC part program and l'llC 
data 

• library functions, storing, updating, 
retrieving, controlling memory access 

- Distribution of l'llC part program and NC data 

• activation of l'llC programs, acknowledgement 
of program ca I I s , cont r o I I i n g start 
conditions, status reporting 

• activation of conmunication interface 

• transfer of program as blocks to the machine 
tool control 

• control of the data transfer, status, and 
completion of transfer 

The real flexible capabilities are experienced at com­
bined DNC/CNC systems. Beyond those another advantage 
is resulting from the redundancy of the combined sys­
tem i e • i f t he c en t r a I DNC comp u t e r f a i I s t he CNC 
units of the system can be operated as stand-alone 
machines. 

0 • 2 l'llC PROORAMv1 I r-l3 

The basic methods of l'llC progranming are of two types: 
- manual programning 
- computer-aided part progranming 

The manual part progranming basically means a machine 
level coding of the control instructions. Its ef­
ficiency and usability is strictly depending on the 
complexity of the workpiece. Generally speaking upto 
2.5 o· production manual progranming can be applied, 
but in many cases even at 20 contouring the necessary 
work of the progranmer goes far beyond the acceptable 
economic and timP, factors. The manual progranming of 
complex surfaces for 30-50 manufacturing is practi­
cally imposible. 

0.2.1 MANUAL l'llC PART PROORAMv11f\r3 

The basic document to start with is the part drawing. 
For a success f u I p r o g r am cod i n g t he u s u a I p rod u c t i on 
en g i nee r i n g t ask s a I so have to be comp I e t e d , i e : 

- operations sequence planning 
- operations planning 
- operation eJements planning 

The actual program coding can be started only if these 
p r e c e e d i n g s t e p s have been comp I e t e d • Th i s i s a v e r y 
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important factor because the optional utilisation of 
the NC/CNC machines greatly depends on the quality of 
part program - and the latter depends on the quality 
of technological planning. 

The control comnands {blocks) are using word addresses 
for the execution of specific functions. Some of the 
word addresses are as follows {detailed list will be 
given in Chapter 4): 

N - sequence number {block identification) 
G - preparatcry functions {movement conditions, 

type of dimensional data - ie. absolute or 
incremental, fix cycles etc.) 

~}-primary linear motion coordinates 

F - feedrate function 
S - spindle speed function 
T - Tool function 

M - miscellaneous functions (spindle on/off, 
coolant on/off, end of program etc.) 

For example a typical NC block is {I inear movement to 
X = 215.5 Y = 103.0, coolant on and spindle speed is 
1600 min with counter-clockwise rotation on. The 
sequence number of the control-bloct is 143). 
N143 GOl X215500 Y103000 51600 M04 M08(End of Block} 

The coordinate values of the movements are calculated 
by t he NC par t p r o g r amne r • The bas i c t h i n g wh 3 t i s 
needed for this task is to create a coordinate system, 
the 'part-coordinate system'. The origin of the part­
coordinate system can be selected freely but practical 
reasons shou Id be considered depending on part sym­
metry etc. 

0.2.2 COv1PUTER AIDED PART PROORAMv111\X3 

The part progranming work needs tedious labour in many 
cases, including large amount of calculations for 
~~mplicated contours, surfaces etc. Besides these 
f a c to r s t he p rod u c t i on en g i nee r i n g p ha s e o f t he wo r k 
(operation sequences, cutting parameters) can result 
s er i o us er r or s • The re I i ab I e au t oma t i on of th i s 
process was of high importance. The solution came up 
with the spreading use of the computers. Since the 
late sos many computer aided progranming systems have 
been developed with a wide variety in capacity, in the 
level of automation and in the field of application. 

Th~ end-product of th.e computer aided part prograrrming 
systems are the same as of the manual NC prograrrming 
i.e. the NC control blocks, but the· way leading to the 
creation of NC part program is absolute different. 
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I n s tea d o f d i r e c t p r o g r arrm i n g o f t he c orrma n d s a 
'lanugage' is used to describe the production task. 
This 'input part program' is processed by the computer 
and the NC part program codes are produced as output. 

The deta i Is wi 11 be discussed in Chapter 2 - Chapter 
4. 
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1. CO-APUIER AIQ.EO PART PROO.~_!_~~~~.POSI-PROCESSOR 

~PT I _LE~~'=..Qf:._~·JT~I!..~ 

'1'he ear1y efforts of oonputer aided part programni.ng didn't 
aim to be genera1 system;. basically t.~ nachi.ne- tool and 
oontro1 mit mmufacturers developed sone sort of progranming 
aid which worked for the specific nachi.ne and oontrol mit. 

'1'he decisive step was nade with the developnent of the AP1' 
system. which has its narks on the 1'18.jority of the system; 
even ir. our tines. The lang\.Bge, the processing oonoept 
serve cs basis far international standard$ and nunerous 'APr­
like' s)Stem; are in use all over the world. 

The AP1' as a problem oriented system cane up with the following 
ph:ilosqily (see Fig.1.1): 

use a high level quasi- Eng1ish language to describe 
the prodoction task 

this 'part progran11e' wil1 be processed by the system 
('processor' )giving a so1ut.ion which is .imependent 
of the specific nechine - tool and specific oontrol 
mit paraneters. 

using the CI.DATA as an input, a second processing 
fllase follows,the nac'rlne-tool and control mit features 
will be oonside.red in this fllase by the progranne 
('post -processor') .resulting the appropriate control 
blocks as output for the N: oonplex. 

APT-lihe input (problem oriented, 
synt>o1ic language to describe the 

~~~.........:;......_~- production task 

PROCESSOR 

nOATA 

1~-- Processing of input part 
program 

CLDATA (the machine and control unit 
independent output of the 
processing) 

POST-PROCESSOR i---- transforming CLO;\TA into NC 

LISTS NC BLOCKS 

comnBnds according to machine­
tool and ~~ont.·01 unit features. 
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Many API'-li.ke systens are available, but there are sone differenOeS 
between the systens. 'Iba first am cru::ial sP-1.ection can 
be nade on the basic pd:entials: 

prinarily used far oonplex geonetrical problens, no 
technological data calculation is dme autonatically 

nedium or snail oonplexity far the genotr~ possif>ility 
but sone or the produ::tion engineering fmctions are 
autonatically executed. 

Between the two extrenes neny system; exist with different 
level of autormtion. As an exanple see the EXAPl' family which 
was developed in GFR (West-Gerneny} as smwn on Fig.1.2. 

[CAD 

[~.:~atd 
[Machine selection 

l Selection of jigs 
. am fixtures 

l Selection of too_is __ _. 

- ----·----I =~of mdlining 

1
- -~ .-
- -----~---

! calculation of ! 
tool paths I I EX.APT 1.1 

[ Tool collision check 

I Selection of feed rate I 
. am spindle speed _ 

I Programning of tool 
path 

- ----~------' 

Fig. 1.2 

I 
I 
I 

r 
t 
~IC~ 

I 
I 

MILLIN3 
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'1be EXAPl' systell'B havo technological processor (with different 
level of capacity). The rough sketch of system stru:ture 
is shown on Fig.1.3 

TOOL FILE 

MATERIAL OAT A FILE 

MACHINING FILE 

EXAPT PART PROGRAMME INPUT 

___ _£ _____ 1 
lPROCESSOR 
. --~~~~-- I I 

I GEOMETRIC TOOL 
PATH PROGRAM 

TEC HNOLOGIC Al 
MACHINING PROGRAM 

POST-PROCESSOR 

CoNTR. 

Pig 1.3 

2 

'l'1e work of ~ technological processor is St.4>P0rted by 
the tool file, naterial data file and the rmchining file. 
The first one has all data of the tools available for 
the system. the rraterial file anong other data gives the 
feed ratP.'diarreter function etc. The calculation algorithns 
for cycles and other nachining related calculations are 
stored in the rmchining file. 
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To illustrate the API'-like input languages am tre part 
programning a sinple mmufacturing task is prograrmed with 
EXAPI'. {See workpiece on Fig .1. 4 ) • 

0 
N -

I. 

x 

1'20 .I 
Pig 1.4 

The part program is dermnstrated on Fig.1.5. This little 
sarrple program is written for a point- to-point work, i.e. 
no contollt' nanufacturing is needed. Looking at Fig.1.5 
tl"e typical program st~ture is obvious ( introdu:tory [headP..r] 
statenents, geonetry, technology, execution), sone explanations 
on tre program follows: 
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1. PAR'IID/SAMPLE PIA'IE, K>RA'IUWA 
2. MN::HIN/TAKISAWA 
3. 'ffiANS/200,100,50 

4. ZSURF/12 
5. MP = POINI'/0,0,12 
6. C1 = CIR:LE/CENIER.MP,RADIUS,55 
7. PAT = PA'IERN/AOC,CJ,45,CCI.W,4 

----------------------·------
8. PART/MA'IERL, 12 
9. CIDisr/.8 
10. BORE.t = DRILL/SO,DIAHET,5,DEPIH,U,12,'l\X>L,315 
11. 'lHRF.AD = TAP/SO,DI.AMET,6,DEP1H,U,'l\X>L,416 
12. BOREZ = DRILL/SO,DIAHET,11,DEP1H,U 
13. SINK= SINK/SO,DI.AMET,17.5,J:EPl'H,8.3 
14. mM = REAM/DI.AMET I 20IJ::EPl'H,12 
-----------
15. calIRr/W 
16. ~/-100,0,100 

17 • t«:>RK/BORE !r I 'lHREAD 
18. 0010/-40,0,12 
19. 0010/40,0,12 
20. WJRK/REM 
21. 0010/MP 
22. w:>RK/BORFJ!I, SINK 
23. 0010/PAT 
24. FINI 

'lmHLCXiICAL 
JEFINITI~ 

'lbe header statenents give the workpiece !D, the type 
of l18Ch.i.ne - tool (post- prooessor) and the zero point shift 
of the workpiece ooardinate system.. The geonetry follows, 
the definitions are sinple, just ooe thing nust be nentioned: 
the identifiers of those elenents can be cited only in 
the statenents Wich elenents explicitely had been defined 
in one of the preoeeding definitions. 

'lbe technological statenents with nw1be.rs 10- 13 have an 
SO ncdifier but statenent No. 14 has not. This ncdifier 
stands for single ope.ration i.e. just the prograrmed operation 
will be executed. If the SO ncdifier is omitted (as in 
No. 14) the statenent is a so ca11ed 'Ream Cycle' definition 
and all the necessary ope.rat.ions needed prior to the reaming 
operation will be calculated autonatically by the system. 
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'lbe execution of cutting operation are activated from 
statenent No. 15. As nentioned before the reaming cycle 
(execution in statenent No. 20) will activw:! all the neoess."lr}' 

preceeding operation$. 

When progranmi.ng contouring cutting operations, the geonetry 
and the execution statenents are sonewhat nore oonplex, 
this is discussed in Chapter 2. 
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2 CCMPUTER A I OED PART PROORN.&:tl f\[i I I 
CXNTOORll'li, TI-E CLDATA STRUCTURE, POST-PROCESSORS 

2 • 1 ca.ITOOR I~ 

To start the discussion on the progyamm;"g of contouring 

a sample part ~rogram for the workpiece of Fig.2.1 is 

listed on Fig.2.2. No second view of the part is given, 

let us work with Z = O coordinate when executing 

contouring. 
Ya 

l3 

PT~ ~ c, 

0 L4 
IO 
N 

0 
C2 -t:t L, 

~· 
Ls 

I 

0 
~ 

SP x 
18d 200 

260 
-

Fig. 2.1 

If reading the part-program on Fig. 2.2 the special fea­

tures of this concept of geometry are obvious, i.e. the 

system uses infinite elements (independently of the 

defined points of a I ine the lines have no directions and 

they are infinite, only complete circles can be described 

etc.) 
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1 PAR"fr>.l)/ SAMPLE2 , IVDRA TUtVA 

2 MAOilN/TAKISAV/A,FANJC 

3 TRANS/300,250,150 
4 SP=POINT/0,0,0 
5 Ll=LINE/180,160,180,210 
6 PT=POINT/180,210,0 

7 L2=LINE/PT,ATAl"ll3L,45 
8 LS=LINE/180, 160,380, 160 
9 L3=LINE/PARLEL,L5,YLARGE,260 

10L4=LINE/PARLEL,L1,XLARGE,260 
11C1=CIRCLE/YS~AALL,L3,XSMA.LL,L4,RADIUS,20 

12C2=CIRCLE/260 1 150 1 0 1 60 

13CUTTER=16 
14SPINDL/1200,CUN 
1 SCOOLNT I()·-! 

16FEDRAT/180 

17FR<lv\/SP 
1800/TO,Ll 
19TLLFT,GOLFT/L1,PAST,L2 

20GORGT/L2,PAST,L3 
21GORGT/L3,TANTO,C1 
22GOF\\O/C1 I TANTO,L4 
23GOF\\O/L4,PAST,C2 
24GORGT/C2,PAST,LS 
25GORGT/LS,PAST,L1 

26SPINDL/OFF 
27COOLNT/OFF 

28RAPID 
29GOTO/SP 

30FINI 

Fig. 2.2 



- 29 -

The actual part-geometry are cut-out of the set of in­

finite elements by the progranmed tool movements (Seq no. 

19-25). 

The geometrical definitions use modifiers to select the 

desired specific element. On Fig 2.3 a limited number of 

geometrical definitions are given. 

The statement No. 19 specifies the relative position of 

the tool and workpiece. TLLFT means, that the tool is on 

left of the workpiece when executing the contouring 

machining (left or right should be judged by looking into 

the direction of the tool movement). 

Comparing the definitions to those of the EXAPT sample 

program the difference is obvious between a processor 

with technological modules and a geometrical processor. 

In the latter case no separate definitions exist to 

declare machining operations but the motion statements 

themselves are the definition and the same time the ex­

ecution statements. (Exceptions exist especially for the 

machining of sculptured surfaces where no series of in­

dividual tool movements are progranrned; examples shown in 

Chapter 3 and Chapter 9). 

The position of tool Is controlled by the TO,CJ-.1,PAST, 

TANTO modifiers. The concept of tool control is based on 

the 'three surface' philosophy, see. Fig. 2.4. 
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y1 

~--~-------x 
I c, .x 

I 
P2=POINI'/YLAR:iE. nm:>F,Cl,C2 

l
Pl:POINI'fXSMALL.INlOF,Ll,Cl 

P2-POINI'/XLARGE,INIOF,Ll,Cl Pl=POINI' /Y9WL. nm>F ,Cl ,C2 

LINE 
y 

y 

----+--------x ~-1-------------x I.l=;LJNE/RIGrl', TANID ,Cl• RIGfi', TANID ,C: 

CIR:LE 

y 

LOFI' caac 

L2=LINE/Pl,Ric;n',TANIU,Cl 

Ll=LINE/Pl,LEFl',TANID,Cl 

1.2=LINE/LEIT, TANro ,Cl, LEF1', TANID ,C2 
L3=LINE/LEIT. TANID,Cl,RIGfi', TANID,C2 
IA=LINE/RIGtfi',TANID,Cl,LEFl'.TANID,C2 

---+-------~~ x 
c~ I RCI.F/U.ARGE, Ll ,J<LAR:;E,ror ,Cl,$ Cl=CIR:LE/Pl,P2,P3 

LC 

x 

LC=T..c:NIC/SPT, PTl, PT2, PT3, PT4, PT5 

Fig.2.3 

.w>IUS,10 

CF=CIR:LE/YLARGE,Ll,~,IN,Cl,$ 
RADIUS,10 

CG=CIR:LE/YSMALL/Ll,XSMALL,aJT,Cl,$ 
RADIUS,10 

Vf C B 

x 
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Fig. 2.4 

The bottom of the tool (tool tip) is in connection with 

the PS (Part Surface) while the tool is executing the 

movement. The direction of movement is controlled by the 

OS (Drive Surface), the lim!t of movement is controlled 

by the CS (Check Surface) according to specific modifier 

progranmed (che Figure 2.4 shows a TO position). If the 

sample program is processed the tool centre coordinate 

for the contouring will be written on CLDATA file with 

t he a pp r op r i a t e codes o f o t he r s t a t eme n t s ( no bas i c 

geometrical definition will be stored on CLDATA). 

The contouriny will result the tool path of Fig 2.5 

-- ---
Fi9. 2.5 
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This 'APT-I ike' language structure what has been dis­
cussed serves as a basis for international 

standardization. Many extensions and refinements had 
been added to the basic definitions and ISO 4342 was pub-

Ii shed as a reference input I anguage set. Continuous 

work has been done on the development of this reference 
language (including sculptured surface machining) even in 

our times. 

2.2 CLDATA STRUCTURE 

The end-product of the NC processor is the CLDATA which 

serves as input to the post-processor. 

The CLDATA is a data file with records of variable 
lengths. Each processor output statement represent one 
(or more) CLDATA record(s). The type of information can 
be identified by major codes (and in some cases addi­

tional minor codes are also used). 

The standardised form (major codes) and the role of the 

record are listed on Table 2.1 

The vert I cal structure of the CLDATA records shows the 

following rules: 

the rocords are preceeded by a record of 1000 type 
which carries the original sequence number of the 

statement In question. 



Type 

1000 

2000 

3000 

4000* 

5000 

6000 

7000* 

8000* 

9000 

12000* 

14000 

15000 

16000 

17000 

18000 

19000 

20000 

28000 

to 

32000 
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Explanation 

INPUT SEOJENCE N::>. OF OEFINITICl'J 

POST-PROCESSOR INSTRUCTICl'J 

CMO-llCAL F~ OF SURFACE DATA 

TOOL POSITICl'J RELATIVE TO DRIVE/PART SURFAC::S 

TOOL POS IT I a.J ( fl.'OT I Cl'J VECTOR I NFOR-M TI CX\I) 

TOLERAi'\JCE OR a.JTTER I NFCR-.1A TI Cl'J 

TOOL POS IT I a-t \'/I TH RESPECT TO THE ST ART -UP 

SURFACE 

:,OTIO:-: l:"JFO (TOOL DIRECTION ':/ITH RESPECT TO 

LAST r....ov=: ) 
i~UL TI ·AXIS OR UN I TS I NFORf.-1A TI CX\I 

CARRIES DATA FOR CALLIN3 WITH STRlt-.n ARGU..-lENT 

SEPC. PROORAMS 

FINI (TERMl!\IATICX\I RECORD) 

INFOR1\ATION FOR UNSEGvENTED ~-LINEAR TOOL 

PATH 

\'~PIECE CONTOUR DESCR I PT I Cl'-1 

TOOL DE~CRIPTICl'J 

M~TERIAL DESCRIPTION 

rAAa-tlNE DESCRIPTION 

LITERAL TYPE POST-PROCESSOR COvfviAND 

RESERVED FOR PRIVATE USE 

-------------------------------------------------------
Note: RECORDS : .. ~ARl<ED * CAN BE USE~ BUT DO HOT 

!3cLCX·l3 TO TH!:: ST .ANDA.cm I ZED RAS I c TYPES 

Table 2.1 
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for unsegmented tool paths (eg. circle) a 

record of type 3000 is used and followed im­

mediately by a record of type 15000. 

for I inear (seg· mented) movements frequently 

more than one record of type 5000 is needed 

(eg. for a sculptured surface). I~ this case 

the sequence number record (1000) is preceed­

ing only the first record of type 5000 and is 

not repeated for all continuation records. 

For example consider the sample program of Fig. 2.2. 

The definitions from seq. no. 20 to 23 will generate 

the following records: 

1000 carrying seq.no 20 
5000 carrying the terminating coordinates axes of 

linear motion 

1000 carrying seq.no 21 
5000 carrying the terminatin~ coordinates of 

linear motion 

1000 carrying the seq. no 22 

3000 canonical data of circle Cl 
15000termlnating coordinates of movement along Cl 

circle 

1000 carrying ~eq.no 23 
5000 carrying the terminating coordinate of I inear 

motion 
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The structure of records type 1000 

W(ord) 1 integer = record sequence number 
w 2 integer = hoool 
w 3 integer = seq. no of statement 

in part program 

"" 4 character = ID of origir.al 
statement 

,,, 
5 character = ID of original .. 

statement 

The record of type 5000 (linear motions) 

Wl - integer = record sequence number 
1,'/2 - integer = 1$0001 

·-.v3 - integer = 3 for motion start (FRCM) 

4 for incremental coordinates 
{GODLTA) 

5 for absolute coordinates {GO ••• ) 

6 if this is a continuation record 
W4 - character= ID of geometrical element 
W5 - integer = subscript or point index (eg. at 

patterns) 
\"/6 - real = x coordinate of point 
vn - real = y coordinate of point 
\"/8 - real = z coordinate of point 

if the record is carrying more than one point informa­
tion (movement on curved surface, segmented circle 
etc.) then the record continues up to W 245 and if 
necessary continuation records fol low: 

'. l(l ·.,.,,,. - real = X coordinate of 2nd point 



W10- real 

r111- real 
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= Y coordinate of 2nd point 

= Z coordinate of 2nd point 

----------------------------------------------·--------

if multiaxis machining is used (eg. SD) the record is 

carrying Dextets and not triplets: 

W9 - real = I component of first tool axis 

vector 

W10- real = J component of first tool axis 

vector 

\'/11 - real = z component of first tool axis 

vector 

The post-processor records carry informations on 

spindle speeds, feedrates, coolants, tool changes, op­

tional block skips etc •• 

Statements of seq. no 14 to 16 load as fol lows {without 

seq. records) 

V/1 {integer) = record seq.number 

W2 {integer) • 12oog 

W3 (integer) = ffIBI - minor code for SP I NOL major 

word 

W4 ( r ea I ) = 1200 - spindle speed 

ws (integer) • 60 -code for minor word CLW 

-------------------------------------------------------
~1 (inteyer) •record seq. number 

\·12 (integer) = !2oog 

·;13 (integer) = 110301 - minor code for COOLMT ;najor 
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word 

V/4 (integer) = 71 - code for mi nor word O\I 

\"11 (integer) = record sequence number 

\12 (integer) = ~ 
'.'13 (integer) = 110091 - minor code for FEDRAT major 

word 
'!14 ( rea I ) = 120 - feedrate i n ivl.l/U li'J 

The processor outputs the CLDATA records, the movements 

are calculated into movement elements in case of com­

plex shapes or of group of movements (exceptions exist 

eg. hole machining cycles etc.). 

The ~recessing of CLDATA is executed by the post­

processor. 

(The CLDATA records are also compiled in international 

standards; ISO 3592 and ISO 4343) 

2.3 POST-PROCESSOR 

The post-processor serves as a link between the proces­

sor and the machine tool/control unit. Its basic task 

is to convert the information carried :n CLDATA to NC 

control blocks. A II s i g n if i can t d a t a o f t he mac h i n e 

tools and of the control unit are accessible for the 

post-processor. 

To fu If i 11 its task the post-processor reads the CLDATA 
records and processes them (depending on the number of 

read i n ~ of t he CL 'JA TA f i I e ' one - pass ' and ' two - pass ' 
post-processors exist). A very rough sketch of the 



CLDATA 

t \ .., 

YES 1· SlOP] 

5000 6000 I 4000 rsooo l.N 
00 20-- 3000 .000 zuuu :JUUU ' nu 

I I I I 1 

SET CIRCULAR 
INlERPOLA TION 
STORE CIRCLE DA' 

COOlNT CYCLE SPINDLE RArlD 

FED RAT TOOLN9 

I ~ I 

L~AR INTERP. MOOE 
PU l X,'f. i CO OR 0 S IN TO 

A 

PUT POSTP. FUNC 
CODES INTO 
ARRAY 

Pig 2.6 

'NO 

STORE TOOL 
DIAMETER 

PUT END OF NC 
BLOCK CODES 
INlO ARRAY 

PUT INTO ARRAY 
X Y Z COORDINATES 
OF CIRCLE 

PUT INTO ARRAY 
INTERP. COORDS 

PUT POSTP. 
FUNCTIONS INTO 
ARRAY 

NO 
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post-processor structure is given on Fig 2.6. 

The first step is a sorting procedure according to 

record types. The processing of the records differ in 

many ways. 

seq. no records are stored up to the next 

record reading to serve as a flag in case of 

error messages (1000 type records) 

most of the post-processor functions are not 

written into separate control blocks, but 

they are stored and wi 11 be put into those 

control blocks which carry tool movement in­

formation (2000 type records for spindle 

speeds, feedrates, coolant etc.) 

when processing movement records, the neces­

sary interpolation code (if circle is used 

also the interpolation parameters) should be 

written into the control block, together with 

the 'waiting' miscellaneous functions (feed, 

spindle, speed etc.) 

The end product of post-processing is the file of 

f'C con t r o I b I o ck s and I i s t s f o r t he mac h i n e - too I 

operator (list of control corrmands, instructions 

for tooling, instructions for the setting of cor­

rection data etc.) 
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3. ro.APUTER A I OED PART PROORMM I N3 I I I 
PROORAtvMIN3 3D-SD MANUFACTURIN3 

Workpieces with surfaces of curved shapes need ful I 3D or SD 
manufacturing capabi Ii ties. SD machining is especially power­
ful and serves as the most economical manufacturing technique 
for special dies/moulds, aircraft parts, turbine impellers, 
compressors etc •• 

Those machine tools are SD machines where besides the I inear 
movements (x,y and z) the tool and/or workpiece can rotate 
about two rotational axes. One of the typical solution is the 
a pp I i cat i on o f two rot a r y t ab I e s • D i f f e r en t po s s i b i I i t i e s 
also exist, eg. the tool can rotate about two rotational axes 
etc •• 

The rotary tables generally have guide I imited capacity con­
cerning workpiece dimensions, but five sides of a workpiece 
can be man u f act u red , i n one set - up • Th i s mac h i n e cons t r u c t i on 
is also the best suited for the machining of impeller blades. 

3 • 1 MANUF ACTUR I N3 OF SD SURF ACES 

In this and in the next paragraph the discussion is based 
on t he cap ab i I i t i e s and s t r u c t u re o f t he FAUN SD 
prograrrming system. Other possibi Ii ties will be shown in 
Chapter 9. 

Basically three special surfaces can be prograrnned. 

a. Ruled surfaces defined by two curves (general planes 
contain these curves) and I ine rulings which connect 
the curves (Fig. 3.1) 

(Major dif!Cf"ri x l 

Line ruling (generator) 

CURVE 2 (Slave J;rec.i~ucJ 

Fig. 3.1 

b. Trans I at i ona I surf aces generated with the sweep mo­
tion of a space curve (generatrix) along an other 
space curve (directrix). See Fig. 3.2. 
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di'ec trix 

Fig. 3.2 

\'/hi le moving along the directrix the generatrix is 
a!J I e to ti It r:r to execute zooming, resu It i ng a 
very complex surface. Besides these operations the 
generatrix can behave as a cone ruling or as a 
cylinder rut ing. 

c. Sculptured surface as built up by rectangular grid 
of :.i*i-l iJOints (Fig 3.3) 

Fig. 3.3 

The ~oints represent surface points (as on Fig 3.3) 
or ~esier polygon points. 

The machining statements for the special surfaces have 
definitions for the strategy of movements (one-way, zig­
zag, spiral), for tool tilt, for the strategy of ap­
P roaching mover.1ents and departing movements (in direction 
of surface normal, in direction of tool axis etc.) for 
possible I ifts when changing the tool paths etc. Eg. the 
machininy of ruled surface R1 from P1 starting point wit8 
zig-zag strategy, with a ball-tool which is tilted by 5 
and approaching of surface is needed in surface normal 
direction (length of movement is 100 rrrn), at tool path 
changes 10 mn of tool-I ift is needed and the depart from 
the finished surface is prograrrmed in tool-axis direction 
(length of movement is 200 nm) looks I ike follows: 

'.'!l,R.SF /Rl. STA~T ,P1 ,ZIGZAG I TOOL ,FACE.TI LT I 5 '~'I l•l, Si·JQRj;;, 100' 
LI FT I 10 ,OUT I TA:( Is' 200 
The zig-zag and one-way strategy is used for the rnachin­
iny of ruled surfaces and translative surfaces. 

Sculptured s1Jrfaces allow zig-za~ and spiral (meander 
movements (see Fig 3.4) 
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/ 
I 

Fig. 3.4 

At the processing and manufacturing of special surfaces 
numerous aspects need careful consideration. 

Eg. an interesting and not too attractive speciality 
of the ruled surfaces that in many cases the surface 
cannot be manufactured to the exact yeometr ical 
shape even theoretically if tool side is used. ~x­
planation is given on Fig. 3.5. 

Fig 3.5 

The tool~located with its side on one of the gener­
atries (tool is shown ~rom axis direction). The 
surface normal along the generatrix is changing, 
which means that tool diameter should be O mm 
d i ame t e r to av o i d i mme d i ate g e ome t r i ca I er r o r s 
(fortunately in practice the tolerance many times 
makes possible the use of tool-side for machining). 

The surface definitions (and consequently the 
processing algorithms) are different for the 
surfaces. !3ecause of the tedious calculations 
needed for sculptured surfaces and because of the 
existence of some sort of analytical rules for the 
other two surface types the processing time shows 
significant differences. 

Process in~ about 
to I erances the 
r o I I owing. 

the same surfaces with identical 
computer time needed is the 

Ruled surfaces 
Translative surfaces 
Scul~tured surfaces 

5 - 10 min 
12 - 14 min 
90 -120 min 

Practice is neaded for the effective v1ork, because 
µrouraG1ning and processing the same surface with the 
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only difference that major and cross movement direc­
tions are changed results great differences in time 
(dependin~ on the curvature of surface). 

Processing - and the number of CNC blocks - highly 
depends on tolerances. The effect of changing the 
tool size is not so significant (sec Fig. 3.6) but 
naturally the increasing the tool size also helps. 

No of 
NC Blocks 

Toler CJ nee 
Fig 3.6 

Typical feature of the SD movements the existence of 
'non- Ii near'. This means that between two points 
when the 50 movement is executed the I i near and 
rotational movements are accomplished simultaneously 
(start and termination in the same movement for al I 
f i v e mo t i on s ) w i t h po s s i b I e i n t e r f e re n c e o cc u r an c e 
on tPie theoretical surface (see FiJ 3.7) 

8 ~ .!\_...,. m E:Lementary movement 
r-, ~ ,r.!f-; , I (theoretical) 
\\1:11 
' • It • I Jr/I 
~'+1 /h;(® 

Pi~ J.7 .~'~ 
The control of this error within the acceptable 
tolerance I imits needs many calculations from the 
processor, i.e. this problem should be solved by the 
system desi;Jner and the user (part progrnrm:er) need 
not take care of it. 

The part µro0rarrrnin9 is made by a menue based dialog sy~­
ter:i which aµ..,I i~s /',?T-1 ike in;.>Ut lan-Juaye structur.e (in 
s cma n t i ca I : :11.E1 n i n ~ ) • Th c !>as i c v er s i on of t h~ r-,'\Ur J sys tern 
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does not calculate cutting parameters, the required data 
of spindle speeds, feedrates etc. should be defined by 
the user the same way as it was introduced in the 2nd 
sample part-program. 

The execution statements are individual movement state­
ment s ( e !.:i • GOTO t y p e ) as comp I ex \\IK •• (work ••• ) S tat e -
ments as it was illustrated in this paragraph for a ruled 
surface. 

3.2 SYST~il STRUCTU~i:.: OF A SD CAPP/CPM SYSTE!J (FAUN) 

The modular structure of the system makes possible to 
com~i le different versions with varyin~ capabi Ii ties. 

The systera structure is shown on Fig. 3.8. 

The syst~n control, handling of the several entry µoints 
selection, file archivation, error listing are ac­
e omp I i s he d by t he mo n i t o r p r o g r am. The i n p u t mod u I e 
handles the menues of the input dialogue procedure, of­
fers full editiny capability for the user and gives I ist 
of the i nµut data in APT- Ii l<e statement format. The 
decoding module calculates and converts al I geometrical 
elements into canonical formats (i.e. the basic elements 
e ~ • c i r c I es w i I I be s tor e d i n t he same f o r mat i n de pen -
dently of the original definition version). This 
canonisation procedure is not valid for the special 
surfaces. 

The processing module has double function: 

processing up to 2.5 D the input part program (plus 
3~ machining of planes of arbitrary positions). 

servins as a sub-monitor program to activate the 
s~ecial surface and roughing modules. 

The surface modules calculates the tool paths according 
to tolerances and tool sizes. The result is a series 
of coordinates (surface points, surface norrr;al comµon­
ments tool axis components) written into an inter­
mediate file. 

These data are converted into CLDATA 
µrecessing module. 

records by the 

The post~rocessor is not a regular processor module but 
it also can be activated by the rnoniter provrorn. 

The I il t z s t v ~ r s i on o f t he system has a t e ch no I o g i ca I 
iH o c...: s so r f o r cc. I cu I a t i n ~ a n d op t i m i s a t i on o f cu t t i n ~ 
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parameters. This capability can be utilised up to 2.5 
o. 
The prograrrming of feedrates, Si.Jindle speeds are done 
by the usu a I way ( S? I NOL , FEDRA T etc • def i n i t i on s ) • I f 
the program does not have cut tiny parameters for t!ic. 
machining statements, then 

TPRO:;/OiJ 

~,ia c h i n i n g de f i 1i i t i on s 

TPRO~/OFF 

should be prograrrmed and the automatic calculation will 
be carried out. 

The FAUN system has also an IGES preprocessor module. 
The IGES (Initial Graphical Exchanye Specification) 
file structure serves as a CAD/CN.1 data interface and 
input geometry for the CAPP/C/l:·;1 system can be directly 
written onto the input part program file. 
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4. ADDRESS CODES, AXIS AND M:>TIO'J l\O.ENCLATURE 

The characters used for NC, CNC control functions are listed 
in Table 4.1. The unassigned codes have different uses, just 
for illustration some possible applications are given in 
parentheses. The multiple use is valid fer the majority of 
the codes too, explanations come later. 

4 • 1 M:>T I Cl'JS AND AX I ~ 

The coordinate system and machine movements are defined 
in such a way, that the part programmer can describe the 

machining operations without knowing whether the tool 
appro2 ·~s the workpiece or the workpiece approaches the 
tool. There are international standards (ISO) for this 
topic. 

General Considerations 

The standard coordinate system is a rectangular 
right-handed system with the three principal axes 
label led X,Y,Z with rotary motions about these axis 
labelled A,B and C respectively. (See Fig.4.1) 

- The standard coordinate system is used to provide the 
coordinates of a moving tool with respect to a 
stationary workpiece. 

- The positive direction of movement of a component of 
the machine is that which shall cause an increasing 
positive dimension of the workpiece. 

- Unprimed letter is used to designate tool movement. 
Primed letter denotes the movement of the workpiece. 
Movement in the primed direction is opposite to the 
corresronding unprimed movement. (see Fig. 4.2) 

The location of the origin (X=O, Y=O, Z=O) or the 
angular origins (A=O, B=O, C=O) shal I be located at 
the machine origin which is defined by the 
manufacturer. Workpiece zero is arbitrary and may be 
adjustable. 

The Z axis 

Z axis is para I lei to the principal spindle of the 
machine 

- If several spindle~ exist one of them shal I be 
selected as principle spindle , preferably 
perpendicular to the workholding surface. 

- In case of swivel I ing principal spindle the Z axis 
shal I be para I lel to spindle axis when the spindle is 
in the zero position. The preferred zero position is 
with the spindle perpendicular to the work-holding 
surface. 



- 48 -

- If t~e swivelling spindle can lie in only one position 
para I lel to one of the axis of the standard three axis 
s1stem, this standard axis is the Z axis. 

- When the machine has no spindle, the Z axis shal I be 
perpendicular to the work-holding surface. 

- The +Z direction is defined from the workpiece to the 
tool-holder. 
(The tailstock is considered for the lathes to be the 
toolholder) 

- The +Z axis of the coordinate measuring machines is 
col linear but in the opposite direction to the 
acceleration of gravity vector. 

The X-ax!s of motion 

The X-axis is horizontal and para I lei to the 
work-holding surface (where it is possible). 

Machine with rotating tools 

- With horizontal Z axis: positive X shall be to the 
right when viewed in the negative Z-direction. 

- Vertical Z axis, single column: +X axis shall be to 
the right when viewed from the front of the machine 
into the column. 

- Vertical Z axis, Gantry type machine: +X axis shal I be 
to the right when viewed from the left-hand gantry 
support. 

Machine with rotating workpieces 

- The X axis of motion shall be radial and parallel to 
the cross slide. The positive axis shal I be away from 
the axis of rotation. 

The Y axis motion 

- Positive Y shall be in the direction to make a 
right-hand set of coordinates. 

A,B and C rotary axis 

- These are rotary axes about X-, Y- and z- axes or 

par a I I e I to X, Y and z. 
Positive A,B and C are in the direction to advance 

right-hand screws in the positive x, y and z 
directions respectively. 
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When in addition to primary I inear axes X, Y and Z 
there exist secondary linear axes parallel to the 
primary axes, these shal I oe noted U,V and W 
respectively. If tertiary axes exist they shall be 
designated P, Q and R respectively. When the existing 
I inear motion is not parallel to X, Y and Z, they can 
be noted as U,V,W,P,Q and Ras is most convenient. 

- The primary I inear axes should be those nearest the 
principal spindle, the secondary the next nearest, 
etc. 

Rotary axes 

When there exist secondary rotary axes, either para I lel 
to A, B and C or compounded or swivel led, they shal I be 
designated Dor E. 

Direction of Spindle rotation 

Clockwise spindle rotation shal I be in the direction to 
advance a right-hand screw into the workpiece. 

Direction of Motion 

Motion in positive direction of 
increases the positive position 
negative position values. 

I inear or rotary axes 
values and decreases 

If the too I is moving the direction of movement and 
axes directions are equal. (Positive ~ovements are 
designated with +X, +Y, +Z, +A, +B, ••• ) 

- If the workpiece is moving, the direction of movement 
and axes direction are opposite. (Positive movements 
are designated with +X', +Y', +Z', +A', +B', ••• ) 

Characteristic examples of axis nomenclature and motions 
are given on Fig. 4.3 - Fig. 4.10. 

4.2 CO'JTROL COv"'1ANDS OF NC/CNC UNITS 

To give a wider overview on prograrrming this paragraph 
deals with a 60 control unit. Specific FANUC prograrrming 
wi I I be discussed in Chapters 6 and 7. 

4.2.1 Controi codes of a SD machining centre/SD CNC unit 
(UNIMERIC 700 CNC) 

This control unit is able to control six axes 
simult aneously; the control codes are I isted in 
Table 4.2. Because of machine tool I imitations in 
fact only 5 axes are.used; see Fig. 4.11. 
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Some of the address codes need more exp•a nations 
because of multiple use (I ike E, F, H, L, U, V, W) 
or special use (as P, Q and R). 

The E code is basically used for register 
special operations. The 0"1C equipment offers 

functions which make the NC programs more 
of the programs versatile and same time the length 

are considerebly reducing. 

The possibilities are: 

- use of memory registers (variables) 
- arithmetic calculations with memory registers 
- conditional and unconditional branches ir. NC 

part program. 
- using program cycles 

The memory registers of the control unit can be 
addressed from the part program and the data 
stored in registers are used or altered by the 
part program. (F.00 - E99 --> one hundred memory 
register is offecred by this control unit) 
Eg. Loading data into memory registers by three 
ways: 

* if ~ used, with activatinglm]address on 
~ the key bo&rd. 

* using data loading pur.ched tape 

N4 G55 

l
E2 ,L f43, 

* register 
N4 G57 

T 
address of 

loading from the 

data to be loaded 

register (EOO-E99) 
NC program 

E2 L•43 

~ .adl~d-r-·e_s_s __ o_f_data to be loaded 
l__. register (EOO-E99) 

....._ ______ data loading into memory 
register from NC program 

Not only the value of L can be loaded into a memory 
register, but the data stored in another register too. 

N10 G57 E14 ~10 means, that the data of register 
10wi11 be loaded into register 14. This i~ the 
parametric use of E memory reg;sters. 
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Programning of jumps is also based on the 
words. 

E address 

Uncond it i ona I jump is eg. : 

N28 

T 
,E1942, 

I seq. number, where the NC 
program execution continues 

unconditional jump 
Conditional jump is also al lowed in the NC part program. 

Nl 46 G76 L#25 Elr60 
c::::::::_ address of jump . I 

------ the content of this 
register is evaluated: If 
data is positive, the E 
jump address is valid. 
Otherwise next NC comnand 
(N147 in this example) 
fo I I ows. 

G code for conditional 
jump. 

Subroutine cal Is and subrouting technique is discussed 
in Chapter 6. 

Next a simple demonstration fol lows on the excellent 
flexibility of NC pr~~ram cycles. 

Sample NC Program 

NC program is needed for dri I I ing of a pattern m*n holes 
(Fig 4.12). The algorithm of program logic is shown on 
Fig 4.13. The numbers in O mean the explanations on 
Table 4.3 which I ists the complete NC part program. 
Memory registers used: 

ElO A 
El 1 B 
E16 m-1 
E20 n-1 
E21 z coordinate at the end of machining. 

Conserving F codes the special use is the G37 control 
code which gives in seconds the time of simultaneous 
movements along the six axes. The speed of the 
individual movements is determined by the O'IJC control 
unit. The other cases are G38 and G39. 

The G38 code activates a path velocity 

Fpath 
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f o r t he I i n ea r movement s • I f A, B and C 
p rogr anmed,. first the I i near movements 
executed, then the rotational movements follow. 

are also 
wi 11 be 

The G39 code defines velocity for the rotational axes. 

!. 2 2 ' F =~FA. + F» + Fe 

The rotational movements wi II be executed first, then 
fol low the I inear movements. 

For rotational and linear movements the following 
criteria is valid: 

(O/min) = 

2 ~-:i 
+ B + C l0

.1* F 

+ Y
2 za ltn~"f' 

-to ~m1 

(rrm/mi n) 

The P, Q, R addresses are used for the compensation of 
tool radius. The U, V, W coordinates are the tool length 
compensation components in case of ti I ting spindle. The 
use of compensation (correction) codes are discussed in 
Chapter 5. 

Finally concerning the G and M codes the existence of 
the 'three digit' codes should be mentioned. Efforts 
have been m3de to workout a suitable international 
standard in which the whole wide spectrum of l'JC/CNC 
machines have the appropriate codes. Eg the M codes are 
grouped the fol lowing way (1 st digit of the codes): 

Group Field .Q..f_ Application 

0 General l'JC/CNC use 
1 Ori I I ing, Mi I I ing machines and machining 

centres 
2 Turnin g 
3 Punchinng, nibbling, fl~rne-cutting,laser 

and plasma cutting, water-beam machining 
etc. 

4 Unassigned 
5 Optimisation for adaptive control 
6 Special multi-spindle machines and 

machines with several working units 
7-8 Unassigned 
9 Reserved for code extension 

The G codes are planned to be the same as before, but as 
a first digit the group code wil I precede tl".e 2nd and 
3rd numericals. 
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Fig 4.1 

Fi& 4.2 
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Fig. 4.3 PARALLEL LATHE 

, 
+U 

Fig. 4.4 TWIN TURRET LATHE WITH PROGR.AM'viABLE TAILSTOCK 
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+Y 

+'Z:~~:::i:~ 

+)( ·==----

Fig. 4.5 MILLING MACHINE (HORIZONTAL SPINDLE} 

Fig. 4.6 MILLING MACHINE (VERTICAL SPINDLE) 
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F i g 4 . 7 PU~.\10-M I LL I NG MACH I NE (BR I OGE PROF I LER) 

y 

Fig. 4.8 PFU"ILE N'-0 ca-JiaR MILLIN:; M60ill\E (WITH TILTlf\G r£.AC~ 
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z. 

Fig h.9 COORDINATE MEASURING MACHINE 

Fig. 4. 10 FLA"'1E-CUTT I NG MACH I NE 
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n= n 1 

START 

2 
DRILLING CG 81 I 

3 
n = n -1 

YES 

Z DIRECTION 

STOP 

YES 

II: m-1 

Fig 4.13 Flowchart of NC Program 

6 

NO 

8 
Y: Y+B 

X:e 9 
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TABLE 4.1 

A - ANGULAR DIMENSION AROUND X AXIS 

B - ANGULAR DIMENSION AROUND Y AXIS 

C - ANGULAR DIMENSION AROUND Z AXIS 
D - ANG. DIM. AROUND SPECIAL AXIS:THIRD FEED 

E - ANG. DIM. AROUND SPECIAL AXIS: SECOND FEED 

F - FEED FUNCTION 

G - PREPARATORY FUNCTION 

FUNCTION 

FUNCTION 

H - UNASSIGNED (NUMBER OF REPETITIONS OF CANNED CYCLES} 

I - INTERPOLATION PARAMETER TO THE X AXIS 

J - INTERPOLATION PARAMETER TO THE Y AXIX 

K - INTERPOLATION PARAMETER TO THE Z AXIX 
L - UNASSIGNED (NUMBER OF REPITITIONS OF SUBPGMS} 

M - MISCELLANEOUS FUNCTION 

N - SEQUENCE NUMBER 
0 - NOT RECOMMENDED (COMMENTS - GO} 

P - 3RD RAPID TRAVERSE PARALLEL TO X-AXIS 

0 - 2ND RAPID TRAVERSE PARALLEL TO Y-AXIS 

R - lST RAPID TRAVERSE PARALLEL TO Z-AXIS 

S - SPINDLE SPEED 

T - TOOL FUNCTION 

u - SECONDARY MOTION PARALLEL TO X-AXIS 

v - SECONDARY MOTION PARALLEL TO Y-AXIS 

w - SECONDARY MOTION PARALLEL TO Z-AXIS 

x - PRIMARY X-MOTION 

y - PRIMARY Y-MOTION 

z - PRIMARY Z-MOTION 



ADDRESS 

A 

B 

c 

E 

F 

G 

H 

I 

J 

K 

FORMAT 

~ 43 

+ 43 

+43 

23 

4 

4 

2 

1 

4 

13 

22 

3 

2 

43 

3 

+ 43 

+ 43 

.:!:. 43 
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TABLE 4.2 

'f1JNCTION 

CONTROLLED ROTARY AXIS 

CONTRO~LED ROTARY AXIS 

CONTROLLED ROTARY Axis 

LENGTH OF DEEP DRILLING STEPS 
(G83) 

START ADDRESS OF SUBROUTINE FOR 
SUBR. CALL ( G72) 

ADDRESS FOR UNCONDITIONAL OR 
CONDITIONAL JUMP (G75-G77) 

PARAMETER ADDRESS (G55,G57,G58) 

SELECTION OF ZERO POINT SHIF·r 
{G92) 

FEEDRATE (MM/MIN-G94)JFOR LINEAR 
FEED RATE ( MM/REV-G95) AXES 

FEEDRATE (SEC-G37) FOR 6 AXES 

REGISTER ADDRESS OF MACHINE DATA 

PREPARATORY 'f1JNCTION 

DELAY (SEC) 

MEMORY ADDRESS FOR THE 
COMPENSATION OF MECHANICAL ERROR 

CIRCULAR INTERPOLATION - CENTER 
X COORD 

CIRCULAR INTERPOLATION - CENTER 
Y COORD 

CIRCULAR INTERPOLATION - CENTER 
Z COO~D 

(CONTD.) 



(TABLE 4.2 CONTD.) 

L 

M 

N 

0 

p 

Q 

R 

s 

T 

u 

v 

w 

x 

y 

z 

,!.43 

.!.A.3 

.!. 43 

+5 

.±5 

4 

2 

4 

4 

.!. 16 

+ 16 

+ 16 

2 

4 

6 

+ 43 

.!. 16 

.!. 4 3 

+ 16 

+ 43 

+ 16 

+ 43 

+ 43 

+ 43 

- 62 -

SAFETY DISTANCE FOR R~~ID TRAVERSE APPROACH 
AT CANNED CYCLES 

DATA INPUT FOR TOOL CORRECTION (G55,G57) 

PARAMETER DATA INPUT (G55, G57, G58) 

CONTENT OF MACHINE DATA REGISTER 

DATA FOR MECHANICAL ERROR COMPENSATION 

NUMBER OF REPETITIONS OF SUBROUTINE EXECUTION 

MISCELLANEOUS FUNCTIONS 

SEQUENCE NUMBER 

SEQ. NUMBER OF MAJOR STATEMENT (IN EIA CODE 

ONLY) 

COEFFICIENT OF TOOL RADIUS COMP.-X 

COEFFICIENT OF TOOL RADIUS COMP.-Y 

COEFFICIENT OF TOOL RADIUS Conp.-Z 

SPINDLE SPEED CODE 

SPINDLE SPEED (REV/MIN) 

TOOL FUNCTION/MAGAZINE NO.AND CORRECTION 

SECONDARY LINEAR MOTION PARALLEL TO X 

COEFFICIENT OF TOOL LENGTH-X 

SECONDARY LINEAR MOTION-P.TO Y 

COEFFICIEN~ OF TOOL LENGTH-Y 

SECONDARY LINEAR MOTION-P.TO-Z 

COEFFICIENT OF TOOL LENGTH-Z 

LINEAR MOTION 

LINEAR MOTION 

LINEAR MOTION 
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TABLE 4.3 

% 

Nl T010102 

N2 SSOO H40 H03 

N3 G90 GOO XO YO Z20000 HOS M36 

N4 G57 ElS L#20 G73 

NS G73 GSl G90 ZSOOO L20000 

N6 GSS El5 L-1 

N7 G77 ElO L#l5 

NS G91 GOO X#lO 

N9 G75 ES 

NlO G73 GSS El6 L-1 

Nll G77 ElS L#l6 

N12 G91 GOO Y#ll 

TOOL ID 

SPINDLE SPEED,RANGE,CLW 

POSITIONING 

1 NUMBER OF HOLES 
IN X DIRECTION 

2 CANNED CYCLE 

3 MODIFICATION OF CYCLE 
'VARIABLE' : 
DECREASING NOMBER OF 
HOLES IN X DIR. 

4 CONDITIONAL JUMP 

5 STEP IN X DIR. WITH 
'A' SIZE 

10 UNCONDITIONAL JUMP 

6 MODIFICATION OF CYCLE 
VARIABLE. DECREASING 
NUMB.OF HOLES IN Y DIR 

7 CONDITIONAL JUMP 

S Y COORDINATE OF THE 

NEW LINE OF HOLES 

-------------------------------------------------------------------
Nl3 G90 XO 9 X COORDINATE OF THE lST 

HOLE 
--------------------------------~----------------------------------

Nl4 G75 E4 

N15 G90 GOO Z#21 

Nl6 M30 

11 UNCONDITIONAL JUMP 

12 RETRACT 
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5 C00RD I NA TE SYSTEMS , TOOL CORRECT I ON TEQ-N I QUES 

.§...:__l __ Coordinate Systems 

The machine-tool coordinate system is a fixed coordinate 
system of the machine. The origin usually is beyond the 
range of the movements. The origin at the workpiece 
coordinate system is defined in the machine-tool 
coordinate system by a zero-shift. 

The reference point is located in the range of the pos­
s i b I e mo v eme n t s • Re a ch i n g t he r e f e r enc e po i n t t he 
measuring system of the machine wit I have the coor­
dinates of this point ( the coordinate are those of the 
machine coordinate system). 
(There are machines!control units where the design of 
the machine-tool coordinate system and the reference 
point are the same points). 

In some cases more than one reference points exist, eg; 
1st reference point for setting automatic reference 
point of the machine-tool coordinate system, 
2nd reference point for the position of the automatic 
tool change, 
3rd reference point for the position of palet changi 
ng etc. 

The origin of the workpiece - coordinate system can be 
fixed to any of the points of the workpiece depending on 
t he s hap e o f t he wo r k p i e c e , s yrrme t r y , p rope r t i es e t c • 
The directions of axes are the same as of the machine 
syc;tem if the tool is executing the movement in the 
specific direction in question. 

The CNC control units offer more than one possible 
workpiece coordinate system, which can be selected by 
corrmands of the NC part program. 

( eg. UNIMERIC 700 CNC - 8 workpiece coordinate systems 
MITSUBISH MELDAS mO - 6 workpiece coordinate 

systems 
FANUC O - M3 6 workpiece coordinate systems) 

The very economical use of the automatically program­
mable workpiece coordinate-systems are eg: 

the production of more identical workpieces in the 
same time with the same NC part program - each of the 
workpiece to be produced wi I I get different zero 
point shifts. 
manufacturing a workpiece with rotary table shifts -
each side of the workpiece wi 11 get a different zero 
point shift. 

The coordinate systems and the connections between them 
are i I lustrated on Fig. 5.1. 
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The control unit calculates the coordinates of the con­
trol led point of the tool as follows. 

XTO = XO + Xp +Ax 6. x = p • rT 

YTo = Yo + Yp + ll.. y Av = Q • rt 

YTo Zo + Zp + L + (AZ) (AZ = R * rt) 

I n the part program the coordinates of p or T are 
prograrrmed ( in case of T coordinates no Ax and Ay are 
needed). 

The tool-coordinate system has its orgin at the con­
trol led point of the tool, directions are of those, that 
increasing tool dimensions show into positve axes 
directions. 
Examples for lathes are given on Fig 5.2, the total 
coordinate-systems complex is shown in Fig. 5.3. 

5.2 Prograrrming tool movements on mi II ing machines 

The connection between the controlled tool point (To) 
and the programned tool point (P) was shown on Fig 5.1. 
I n the NC pa r t p r o g r am t he pa t h o f t he To po i n t i s not 
used because a number of inconveniences and difficulties 
exist. 

The coordinates of NC programs are not of those can 
be read on the part drawings. 
the calculation of the path needs the tool data. 
dificulties of program checking and modification etc. 

The most convenient method is the prograrrming of the P 
point, the path of To wi II be calculated by the control 
unit. 

There are three ways for considering the tool diameter: 

a. the path of T point is prograrrmed (progranming of 
tool 'center points') 

b. progranming of tool with 1 rrm radius (see Fig 5.4). 
The P,Q and R correction vectors give the position of 
T point relative to point P in case of Rt = 1 nm; 
some cases shown on Fig 5.5 • 

.• path (contour) generating, where the part contour is 
p r o g r arrme d and t he pa t h o f po i n t T i s ca I cu I a t e d by 
the control unit. In this case the x0 , Y0 , ZP coor­
dinates and also the tool position telative to the 
contour (Right/Left) should be progranmed. 

There are three basic types of corrections at contour 
generating. 

a. G41 or 42 for the offset depending on the side, no 
c i r c I es a re gene r a t e d au t oma t i ca I I y a t t he co r n e r s , 
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these should be prograrrmed separately with G39 codes. 

b. G41 or G42 for the offset, r.ircles at the corners are 
generated automatically. 

c. G41 or G42 for the offset with no circles (G39's 
are ignored), but where it is necessary 3 linear 
movements wi II be generated automatically. 

When programming contour generation, care should be 
taken: 

on the execution of the first (start-up) movement 
(examples for the MITSUBISHI MELOAS CNC control unit 
is shown on Fig 5.6) 
on the movement strategy used at the corner points. 
Especially when the contouring is executed on the 
inner side many possibilities exist to violate the 
contour (using correction method b, see examples 
for the MITSUBISHI unit on Fig 5.7) 

Too I I ength compensation is a 
ing machines. Basically three 
elimination of the different 
5.8). 

more simple case at mi 11-
methods are used for the 
length of the tools (Fig 

a. selecting a tool ('reference tool') and the relative 
IEngth differences are used for the other tools. 

b. al I of the tools are crnnpensated with their tota 
lengths (this should be a preffered alternativt: to 
a. ) 
and again: 

c. compensating of tool length of 1 mn (this case means 
that all the tools are considered with length of lmn 
and U,V,W components are calculated as are the 
P,Q,R,'s at radius correction. The actual tool 
lengths are corrected when executing the NC program). 

The relative simplicity of tool length correction 
shou Id be understood up to 30 cases. In 50 
manufacturing where the tool is able to tilt and the 
momentary tool axis is not parallel with the Z -axis, 
the s i t u at i on i s mo re comp I i cat e d • Too I ax i s com­
pe n en ts should be calculated (as V,V,W's in method 
C.) in order to get the actual momentary tool length 
( in Z di rec t ion) • 

5.3 Tool compensation on lathes 

As it was shown on Fig 5.2-5.3 the coordinate systems on 
lathes are a I it tie more comp:ex. The basic idea of com­
pesat ion technique is the same, but some special fea­
tL ~3 exist for turning. 
Th , mos t ch a r a c t er i st i c d i f f e re n c e i s i n t he p r of i I e -
disLorting effect of the tool-tip radius (see Fig 5.9). 
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p = i:.rograrrmed point (contour point) 

T = prograrrmed point of the tool 

T = control lied point of the tool (origin 
0 system) 

W = origin of workpiece coordinate system 
0 

of 

M = origin of machine tool coordinate system 
0 

Fig.5.1 COORDINATE SYSTEMS 

Y,,,. 

tool coordi'late 
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T 

p" 

T = control led tool point, origin of tool 
coordin3te system 

t d = d i ame t er o f t o o I ( d r i I I s ) or t o o I ex t en s i on 
multiplied by two 

P"= point of tool tip 

t = tool lengtn 
I 

Fig.~.2 TOOL COORDINATES FOR CNC LATHE TOOLS 
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Zw -----

t -t,. 

Coordinates of the control led T point: 

X T = A X + X P • ( ~~- - t r) 
Zs= -AZ+ zp + (t,-tr) +CZ ~ t r 

Fig.5.3 CONTROLLED COORDINATES FOR LATHES 

1-
)( 

Zr 

Z, 
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R = D 
t 2 

AX= P.~t 

AY= O.R 
r 

.J 
XT = x .AX 

p 
0 

YT = Y .AY 
!'.' 

0 

J ZT = 
...,. 

L L ..,. . 
0 

r 

Fig.5.4 RADIUS CO~RECTION OF 1 M'v1 

x 
r 

\ 
• 0( 

~ 

@ 
)(. 

Fig.5.5 P-0 CORRECTION-VECTORS (EXAMPLES) 
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OFFSET ON OFFSET OFF 

I i ne- I i ne 

arc- I ine --· /. 
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\ 
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-
arc-line 

Fig. 5. 6 
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1 2 3 1 2 

·'-177777777777777777777777 

Fig.5.8 TOO~ ~:NGTH COMPENSATION 

Rt = radius of tool tip 

P1 ,P2 = corner point~ of 
profile 

P'' = prograrrmed tool edge 

P' = center point of 
tip radius 

Fig.5.9 PROFILE ERROR OF TURNING 
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P#l02 

> 
n holes 

#102 
#103 
#104 
#105 

Fig 6.2 

G65 HOl P#l03 Q#503 
Q#5021 

input data definition 
G65 HOl P#l04 Q#504 
G65 HOl P#l05 Q#505 J 

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

NlOO G65 H81 P~'300 Q=103 RO IF N.EQ=C 
30TO 300 

control statements (blocks) for drilling cycle. 

G65 H03 P#l03 Q#103 Rl (N=N-1) 
G65 H02 P#104 Q#104 R#504 (X=X+A/ 
G65 H80 P#lOO GOTO 100 

N300 G65 H81 P#500 Q#102 RO (IF· ttEQ=O GOTO 500) 
G65 HOl P#103 Q#503 ( N = Nstart) 
G65 HOl P#104 Q#504 ( X = Xl 1) 
G65 H02 P#105 Q#105 R#501 ( Y = Y+B) 
G65 HBO P100 (GOTO 100) 

N500 end of cycle in macro body. 
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6. ADVANCED MANUAL PROGRM\\11NG. SUBROUTINES 
ANO MACROS - 1. (FANUC-0-MB) 

6.1 SUBPROGRAMS 
NC Programs Main program 

---------Subroutines (subprograrrme) 
The use of subroutines or subprograms is especially useful 
when the sarr.~ pat tern or a series of fixed NC comnand b I ocks 
frequently occurs in the NC part program. 

The main program calls a subprogram and the subprogram is 
also able to activate other subprograms (see Fig 6.1) 

Main program 

0001; 

M98P1000; 

M30; 

Subprogram 

01000; 

M98P1000 

M99; 

first level 
of nesting 

Fig 6.1 

Subprogram 

02000; 

M99; 

second level 
of nesting 

The control unit can store up to 125 programs and subprograms 
in the memory. 

Subprogram calls are activated with the M99 control word. 

The call looks like as follows. 

M9 8 P .... x ........ x._x ........ x...... , t::x x x 1 

I lD number of subprogram 
-~~~-number of repetitions 

Subprogram return is activated with the M99 code. In this 
case the NC program execution in the cal I ing main program (or 
subprogram) wil I be continued at the next control block. 

Special cases: 

- if the last block of the subprogram has an 
adress with P code, the execution in the cal I­
i n g p r o gr am ( sub p r o gr am) w i I I be con t i nu e d a t 
the address which is specified with the P code. 

if M99 is performed in the main program the 
consequences are: 

~ control returns to start of main program 
( us v a I I y th i s feature i s used w i t h I M9 9 i e 
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optional block skip - to ensure the termina­
tion of the loop on request. 

~ if /M99 Pn is programned, the return address 
is not the main program start but the n 
adress. 

- subprogram execution from the start is possible 
as it were a main program by specifying a 
search from M)I keyboard. 

The level of acceptable subprogram nesting is 4. 

6.2 CUSTOM MACRO A. 

Macros behave like subprograms but more flexible application 
is possible. 'Macro instruction'means the macro cal I ,'Macro 
body' means the macro itself. The special features of macros 
are as f o I I ow s . 

- variables can be used 
- operations can be performed on the variable 
- in the macro instructions (cal Is) actual values 

can be assigned to the variables. 

Macro instructions 

G65 
G65 
G65 
G65 
G65 
G65 
G65 
G65 
G65 
G65 

G65 l\tTl 

T
P* i 0¥. R*k 

~iable name (or 
constant to be operated) 

H01 
H02 
H03 
H04 
HOS 
H11 
H12 
H13 
H21 
H22 

I
I .._ ______ variable name (or 

constant to be operated) 

variable name the 
.._ _________ __.:resu It of ca I cu I a-

L----------------
Definitions, substitution 
Addition 
Subtraction 
Product 
Division 
Logical sum 
Logical pr..oduc t 
Exclusive OR 
Square Root 
Absolute Value 

t ions wi 11 be stored 
here 

macro instructions 
s e e table 6.1 

.Ji =•j 
,,..i = * j + ~k 

•i = •j - • k 
~i =*j ~ .. k 
~i =4j . • k 
•i =. j OR. tk 
-tri =¥j AND.•k 
., i =*j XOR. if k 
•i = m 
if i = I~ H 
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G65 H34 Arctangent ~i = ATAN ( 4fj , .. k) 
G65 HBO Unconditional divergence GOTO n 
G65 H81 Cond tional d vergence 1 IF .. j = • k, GOTO n 
G65 H82 Cond tional d vergence 2 IF •i , ifk, GOTO n 
G65 H83 Cond tional d ve!'"gence 3 IF..-j > .-k' GOTO n 
G65 H84 Cond tional d vergence 4 IF-sj c:: .tJk, GOTO n 
G65 H85 Cond tional d vergence 5 IF~d>=•k, GOTO n 
G65 H86 Cond tional d vergence 6 IF .. j<=*k, GOTO n 
G65 H99 P/S alarm condition P/S alarm number 

500 + n 

Table 6.1 

There are two types of variables which occur at the FANUC 
unit. These 

Macro cal Is 

are 

- Conmen variables 111100 - .. 149 
and •500 - • 531 

These are conmen variables because *i is the 
same in the main program and in the macros. 
The difference between the •1xx and ~Sxx type 
variables is, that the *1xx variables are 
cleared when the power is turned off and reset 
whit 0 (zero) with power on. The *Sxx variables 
are independent of power turn on/off and they 
are unchanged. 

System variables - meaning, that their appl ica­
t ion is fixed. 
(eg tool offset amount ~1 - •99 

.2000 - -ff 2200 

Single call with 

M98 P~;program number of cal led macro 

Modal macro cal I can be activated with 
G 6 6 P L-..,---J ; 

~ program number of cal led macro. 

This modal cal I means, that the macro wi I I be 
cal led in each subsequent block, as long as a 
cancel conmand wil I not be encountered. 

The cancel of modal cal I is prograrrrned with 
G67 code. 

For the i I lustration of the practical use of the macros the 
s amp I e pa r t w i t h v a r i ab I e n ~m ho I es ( see ch a p t er 4 ) w i I I be 
prograrrmed with FANUC codes. The basic data used is i I lus­
rated on Fig 6.2. 
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7 ADVANCED MANUAL PROORAMA 11\G I I • 
MA.CROS - I I (FANUC - 0-IVB) • FUNCT I a-JS MD EXTEl'DED FORMAT. 

7 • 1 OJSTaA MACRO - B 

Macro cal I in Chapter 6 was activated with an M98 P_ 
block what was used also for subroutine cal I. 
If actual parameter values are needed for the macro ex­
ecutions the call has to be activated with: 
G65 P(prog.no)L(iteration times) (argument assignment) 
Argument assignment can be handed by two ways: 

- Method I. 
With addresses: ABC D •• z . All of the addresses 
can be used (except-G:L:N,O-and P) 
Alphabatical order is necessary only for l,J and K. 
F o r i I I u s t r a t i on the mac r o v a r i ab I e 11 2 has to be 
10 and variable #5 has to get 6 as actual value. 
In this case the macro cal I is: 

___,(.~-,Jl~-..;----1"~--, 

G65 P9014 810 J6 x -1# 2 z #5 

The reason of using 9 and J_ addresses is the 
connection between argument assignment and the 
variables of the macro body as it is shown in Table 
7 .1. 

Address Variable in custom macro bod~ 
A ~ 1 
B 1f. 2 
c :# 3 
D 1t 7 
E #8 
F #9 
H ;t 11 
I #4 
J f 5 
K 11 6 
M f 13 
a #17 
R ft 18 
s 119 

. 
z :I 26 

T~ble 7.1 
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- Method II. 
In this case arguments can be assigned to A_,B_ and 
C_ and maximum ten arguments can be assigned to 
variables 1,J and K as it is shown on Table 7.2. 

ADDRESS 
A 
B 
c 
I 1 
J1 
Kl 
12 
J2 
K2 

Table 7.2 

VARIABLE 
# 1 
tt-2 
"'t3 
'f 4 
#5 
#6 
#1 •B •9 

# 31 
"'3'.: 
'#33 

If Method I and Method I I are mixed, in case of the same 
variable that argument is effective which was specified 
later, eg: 

G65 A1.0 82.0 1-3.0 14.0 05.0 P1000 

< Variable) ~ I 
fl: 1.0 
#-2: 2.0 
•3: -
' 4 : - 3. 0<1------' 

4.0 5.0 
1# 7 : 5 • Q<l---------"'ill-----' 

Modal cal I of macros is executed with 

G66 P program number L repetitive count (argument as­
signment) ; 
The cancel of modal cal I is with G67 code 

Mu I t i p I ex ca I I s a re a I I owed up to I eve I f o u r ( i e • t h i s 
is the macro call nesting). The multiplex modal effects 
that the specified macro is called each time a motion 
comnand is executed. I f mo re than one mod a I macros a re 
specified, the next macro is called each time a motion 
command in the first macro is executed. 
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The M98 and G65 cal Is 

- Only G65 call can have arguments 

- The level of local variables is changed if G65 is 
used, no change is when using M96 {ie. variable ".#5 
specified before M65 call is dirferent that of 
after the M65 call) 

- Up to four G65 and G66 calls can be activated 

- The block with M98 has an execution stop if other 
addresses are included than O,N,P and L. 
G65 is not affected this way. 

Variables are of three types 

- Local variables { 1/1- ~33) are locally used in the 
macro, basically for argument transfer. Locality 
means that if a variable is used in macro B what is 
cal led from macro A the value in macro A will not 
be I OS t. 

- Conmon variables # 100- ii 199, #500- #531 These 
behave as real conmon variables, ie. their value is 
the same for all macros. 

- System variabies with fixen applications {tool­
compens~tion, macro-alarm, cycle operation control, 
clock .nformation etc.) 

Arithmetic corrrnands 

Numerous arithmetic operations can be performed on 
variables. 

ec. 

-I i = < f o rmu I a) 

f i=t"j 
# i = 1l +#k 
i:i=#J*#k 
"i =SIN ['#fl 
ii i =COS [-'"ij 
ti i =ROUND[# j] 

etc. 

definition 
'3Um 
product 
sine{ in degree) 
cosine {in degree) 
rounding off 

The arithmetic operations can be combined and nested up 
to level five. Example on a three fold nesting: 

@ 
@ 

© 1--------- --~ @ 
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Control comnands 

The NC program e~ecution can be influenced by 
- divergence (GOTO) 
- iteration 

conmands. 
Divergence has the format: 

IF (<.cond it i ona I expression)] GOTO u 
The n sequence number can be replaced by a variable or 
by a <Formu I a) 

The iteration has the following form: 
V.tilLE (<conditional expression)] DO m (m=l,2,3, ••• ) 

El'D m 

If the conditional expression is not satisfied, the loop 
will not be executed. 

7.2 EXTEl'DED FORMAT Ar-D DATA STRUCTURE 

The trend in numerical control is going towards full 
automation. Therefore an increasingly flexible program­
ming is desired both in individual machines as well as 
in machine eel Is or flexible manufacturing eel Is. 

The extended format has the necessary functions for 
machine monitory, measuring cycles, subroutines and 
parameter prograrrming. 

The basic conception for the extended data format is 
shown on Fig. 7.1 

According to ISO 6983 integration of the extended data 
format in the NC format is initiated by the symbol '[' 
and is terminated by the symbol ' J'. 
Program example: 

% 
(~TA 

LOCAL REAL:XPOS:YPOS 
El'D DATA;] 

NlOO GOO XlOO FlOOO 
N110 G81 ZlOO R400 F500 
( XPOS:=100; YPOS:=110 

w-llLE XPOS =1000 DO 
XPUS: =XPOS+ 100 ;) 

[ 
N 1 20X (XPOS] Y (YPOS] 

END/*i I LE ;] 
N200 M30 
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Si"ART 

YES 

NO 

ISO- 6983 
PROGRAM BLOCK 

EXi::CUTION 

Fig 7.1 

EXTENDED FORMAT PROCESSOR 
• BASIC FUNCTIONS 
· NC SPECIFIC FUNCTIONS 
· 1/0 FUNCTIONS 
• GRAPHIC FUNCTIONS 
• DIALOG FUNCTIONS 
• SIMPLE DATA INPUT 

NO 
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The program structure very briefly is as fol lows: 

- declaration part (external for procedures, programs 
~nd functions which were declared in other external 
programs, data declaration with~. GLOBAL and 
LOCAL variables) 

- procedure and function part 

The standard functions, procedures and operations are 
about the same as with FAl\ll.JC control unit. 

This field of the fl.IC progranming technology is under in­
ternational standardization procedure, detai Is are dis­
cussed in iSO/DIS 6132. 
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a. PRODUCTION PLAlllt+NG A!:D IJOCUltEliT.tl~ION FOit_,~~LCBC ~ACTURicG 

This problem is one of the very basic questions: uncompleted or 

false documents result tau1ty product ane many times huge 

financial losses. Just coding the NC blocks, 6diting and modifying 

the programs with no rigid procedura1 rules promotes the total chaos 

in manu!acturi.ng. 

Just briefly discussing the topics focusing primarily on manual NC 

programming the following concliu>io.ns can be drawn: 

a) - all the usual steps of the production process planning 

should precede the ?iC coding procedure; 

b) - seperate files should be opened for the NC/CNC documentation 

for each workpie£!_; 

c) - !m, of iiC proera..':l is needed fo~ each set-up with: 

&• :ciachine-tool and control unit ·neme 

- ID of work piece 
- operation number (set-up number) of machining 

- data of program preparation 

- progrSlUDler' s name 

d) - the plan of tooling l1as to be prepared: 

- number of utilised 11U1gazin~ sequences; 

- type of tool; 
- type and quality of the cutting edge or insert; 

- data on chip breaking; 

- characteristic data ot the tool 

- correction switches (registers) used tor the tool 

(The desirabl~ goal is: one plan of tooling cou1d be applied 

tor more set-ups) 

e) - list of manual operations for the machine operator: 

- all t!!ose operations are listed which shou1d be 

executed before starting th~ machining; 

- the equipments to ~e used for these operations also 

should be listed; 
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(e.g. - coordinates of zero point shift 

- type of chuck to be used 

- data of correction.s etc.) 

list of oueration instructions (in. the same form as it is 

used in. convention.al production. See Pig. a.1) 

Seq. 
llo. 

Operations ID of 
Surf ace 

Tool/meas. Cutting n feeds depth 
equipment speed 1/min. mm/rev of 

m/min. cut - ~ - . - .. --
ll' . - - - - . ll' ... 

4 Roughing 4 STB25 120 710 0.30 5 

of hole boring 

111 tool 

la 
& ~ - & -- . 

"' 
. - . . -

g) - change of technology: 

Separate sheet is needeJ with 

- Serial number of change 

- reasons of chanee 

- date 

- I18l:le of the person who asked for change 

-

I& 

No.of 
cuts 

-

4 

r 
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9. J.:ORE ON COLIPi..°TERAIDED PART PROGR.A?.iLII.liG. FUTURE TREUDS 

9 .. 1 SCULPTtraED SURFACE PROGlWILIIl:G 

Originating from the APT system and using many other 

suggestions the sculptured surtace language is now comes to 

be at the end of an international standardization procedure. 

There are only six major words used but a very wide variety 

of minor words and modifiers make the input language flexible. 

The me.jor words are: 

POINT - point definitions for a point on a synthetic 

curve or on a sculptured surface 

SCON - specification of regional mi1ling conditions 

- part surface parameters 

- drive control parameters 

- tool axis orientation 

- feedrate selection 

- stopover control (between passes or'lifts') 

- clearance plane specification 

SCURV - synthetic curve ~etin~ticn 

- used for regional milling tool control 

- tool positionillg 

- generati.D~ a single tool path 

- area clearance 

SSURF - sculptured surface definition 

VECTOR - for the definition of vectors with respect to 

existing synthetic curves and sculptured surfaces 

9.1.1. SURFACE DEFillITIONS 
Just for example let us see in details the possible 

sculptured surface definition 

a) S1 :s SSURF/REVOLV' c, AXIS [ P1 'v 1 [CCL1//] s1,IS2 
P1 ,P2J CL\'/ ' 

• 
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This forms a surface of revo2ution by ro~ati..ng a 

synthetic curve about an axis ill ace. (See Fig. 9.1) 

O lf.t.j"'LI .,.<Jt.r"-"ct 
FIG. ~.i 

looks bac.lcl! 

+ direction 
iC CCL"\7 ![ 

Ec:..ch curve 
segment generates 
one patch up to 
120° - revolution 

the ~ is a directed space line from the point P1 to P2 

s1. s~ the starting and terminatizls angle of revolution 

(O, 360 is accepted for a full rotational surface) 

b) S = SSURF/RuLED,C,AXIS 

(See Fig. 9.2) 

is a simple cylindrical 

r1lled surf ace 

C - previously defined synthetic curve 

FIG. 9.2 

C - the patches are 
V centered on this 
_ cur1•e! 

.Y is the cross 

spline direction 

("r r1 to P2 vector) 

c) S1 • SSURF/SL.IESM, XYZ, SPLINE,P1,P2,PJ,P4,P5,TANSPL,V5,S 

SPLINEiQ1,Q2,QJ,Q4,Q5,~ 

SPLlliE,R1 ,R2,HJ,R4,R5,$ 

SPLINE,S1,CRSSPL,VC,S2,SJ,S4,$ 
NOR1:.AL, Vli ,S5 
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Rectangularly ordered set of N by Y points with 

coordinates {i.e. identifie>is of points which were 

de:till.ed JY their coordinate values), see Fig. 9.3 

Parametric bicubic patches are calculated to fill the 

space between. each groupi..n.6 of :tour corn.er points \/w 

r, ~-;1M ~ 
USehPTllW 

FIG. 9.3 

d) P.f.TCH modifier {mi.nor word) indicates, that a sillgJ.e 

bicubic parametric patch is defined with specified order 

of 16 points aJJ.d/or vectors. 

Three modifiers exist: 
PNTSON - the points specified will be included in 

a ticubic surface interpolated to :tit those 

sixteen points 

PNTVEC - tne points specify patch curves, the vectors 

specify tangent and cross-spline direction. 

vectors and corner twj~t vectors 

~OLYGN - the points represent corners and Bezier control 

points of a polygn d~fi.nillg ~ 'bicubic Bezier 

sur:tace 



• 
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El;'lSu:~ eg: 

Fig 9.4 

Pa-:;.-;:-! l;._i;. __ ,:,-.:,·~~ curves are cubic curves which interpolate the 

!our sets of points (see Fig 9.4). 

p1' F2' PJ' p4 
P1, p5' Pg, p13 

P4, PB' p12'p16 

p1J'p14'p15'p16 

internal input points (PG, P7, P10, P11) ccr:trol ~he twist 

vectors at the patch corners and hence tr..e internal shape of 

the patch. .f PLUS l 
SSURF/PATCH,PNTSO.N\!LrIHUSJ, P1, P2, PJ, P4, •••• P15, P16 

9.1.2 TEC:·L010GIC..i.L D1?L I'.i.'IOI~S 

The regional milli.ng co.:16.itions are controllec.i v1ith the 

parameters of the §.£2! major woru. 

The tool a.xis can be either fixed or va~iable. If the tool 

axis vt,ctor~ are needed, then L;UL;rAi: must be pro,_;raomec! (see 

CLL~~..i. structure 5000 type records uith sextet coordicates -

Cna.;;t;.;r 2). 
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Fixed tool a."<is: 

SCON/liIS, vector 

meaning, that the tool axis will be parallel to a defined 

vector. 

Variable tool a:<is: 

SCuri/A:\IS, NORMDS ~~~s]. 
which case results a tool axis with maintained position (i.e. 

parallel to the noraal vector). 

~he drive co~trol for a sculptured surface: 

e.g. 

SCON/DS, 

Eere S is the I~ of a ~reviously defined sculptureci surface. 

The v1 and v2 are the parametric values in the major ciirection 

on the surface (representing lower and upper extents); v1 end 

v2 are the para:.:.etric values Lri uinor direction. '.lhe vector 

represents a fixed tool projectio~ vector. 

The part su:dace ir.formation for regional milling is defined: 

Scr·,-:1r/PS ·re S f PLUS J th. k 
vJ:• 'Qr~ ' ~fJI11US ' l.C 

S is an Ill for the sculptured surface; PLUS means that the 

tool side of the surf ace is determined by the cross product 

of a TANSPL and a CRSSPL vector (tangent vector for both 

incoming and outgoing curve areas; cross-spline vector respec­

tively) and ~n;us is the opposite direction. (see Fig 9.5) 

Fig 9.5 

a 

) 
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The thick scalar represents the thichness of oaterial to be 

left or to be removed on the surface (positive if to be left 

and negative the other case). 

The regional milling tool control is progra!:ll.'lec ~ith SLIIL 

!!laj or •1ord. 

Single tool path can be prograr;;med 

S"IL/PA'·'H DS p • o • , f CRSSPLl r PLUS J 
... .... , , AnAillt u, v ~TAUSPtj ~i.:inrus 

where u ar:c v are the major and minor direction parameters 

respectively of the initial point on the drive control surface, 

the other para:r.eters are known. 

The tool path generated will start a• the selected initial point 

e.nci extenc to the boundary of the drive geooetry (specifieci in 

. a previous SCOH/:lJS definition). 

Single tool position is also programmable •1i th 
~---~;po··· --~ .,.,,..... r·c-=-[s~ala~1 
;)•-J..U ...... , .Li~, .t ,.,_·"4-t u, v, 1. •• ~l~gj 

Typical use of this co.:imand to bring the tool safely into car.tact 

with the surfe.ce to be machined. 

~he most frequent nilling strategy is the ZIGZAG movement. 

S:.~L/ZIG z , G, :iJS, p Arl..U.: r CRSSPLl f PLUS J sm~pov ~ f PLUS J 
.n ·' u, v ~TAiiSPLJ tlJil;us ' :i.:.1:.1 ' 'ii tLIINus 

liere u and v parameters define the initial point where the 

zigzag movements begin. STEPOV indicates, that the stepover 

is to be in the direction of increasing parameter values (PLUS) 

or decreasing parameter values (MIIWS). 

The para.~eters for the stepover movements can be programmed in, 

SCOl{/::iTEPOV ,<parameters} 

definition. 
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List of naterials used to cortpile the lecture notes: 

ACZEL - DR. TAKACS: PROGRAMMING THE MK-500/ MITSUBISHI 

MELDAS MO (BUDAPEST 1987, GTE - in 

Hungarian. 

FARKAS ed: 

GROOVER - ZIMMERS: 

INTRODUCTION TO MANUAL PROGRAMMING 

OF NC MACHINES (BUDAPEST 1982, 

TECHNICAL PUBLISH CO.- in Hungarian) 

CAD/CAM (PRENTICE - HALL 1985) 

MATYAS! - KRANCZLER: PROGRAMMING THE UNIMERIC CNC IN 

3D-5D (BUDAPEST TECHNICAL UNIVERSITY 

1987 - in Hungarian) 

REMBOLD - BLUME - DILLMANN: COMPUTER INTEGRATED 

MANUFACTURING TECHNOLOGY AND SYS~EMS 

(SPRINGER VERLAG 1988) 

- :FANUC 0-M:> OPERATOR'S MANUAL (FAl\JUC 1987) 

- :SCULPTURED SURFACE LANGUAGE (CAM - I 1985) 

- :ISO DP -rand working papers of ISO/TC 97/SC8 

and ISO/TC 184. 
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