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I. EXECUTIVE SUMMARY 

The main features of the project implementation give a brief description of its course and 
achieved results: 

I. The project idea was quite right . 
., llte project references were worked out on a retrospective base but a forecasting view 

on the development of the Indonesian industry could not have been exactly defined. 
3. It was in fact impossal>le to forecast a future world-wide economic recession in the 90s 

of this century. 
-t. The above-mentioned rec~on has had a bad influence on the machine tool 

manufacturing industry of the Indonesian Republic too. 
5. All that caused a necessity to add the project objectives. as described in the first 

Progress Report of the first field mission. 
6. In accordance with goals agr~ by UNIOO authorities. wishes of the Board of 

Founders and requirements of Ministry oflndustry of Indonesia contents and 
implementation of a training programme for ~.e MTDDC staff were adopted. 

7. For the above-mentioned reasons. supplementary aims were joined to the basic project 
objectives as follows: 

• methods of machine tool utilization 
• consuhancy of qualit~· management systems according to the ISO 9000 

standard series 
• automotive industry services 
• feasibility study preparation and working ouc 
• educational programme (lectures. seminars. courses) 

8. The absence of any executive foundation for the MTDDC proc~ng was a big 
obstacle. 

9. This fact led the MTDDC management to a continuGus battle to survi\.e its position. 
The first contracts concluded by industrial companies and institutions and the MTDDC 
National Director helped the MTDOC activity to spread and continue after the project 
dead line - October 199'.l. 

10. All the Czech institutions taking part in the project implementation are ready to 
continue their co-operation with :he MTDDC. 

11. The subcontractor's experts helped in all MTDDC activities as follows: 
• to recognize the reai Indonesian machinery industry situation 
· to make the partial tram.formation of the MTDDC objectives 
• to arrange such international contacts for future co-operation 
• to train the MTDDC staff according to the initial and additional aims of 

education 
• to create technical documentation for the first contacts with customers and 

acti\.ities on the contractual base 
• to pro\ide technical lectures from the area of production planning. 

technological development, automation, and European and world-wide 
tendency of machine tools improvement for the technical staff of famous 
Indonesian machinery factories, and partially for students of the Technical 
F acuity of the University of Indonesia. 

12. It can be declared that the MTDDC in Indonesia has been established in accordance 
with the UNDP/UNIDO project with the assistance of the Department oflndustry of 
the Indonesian Republic and that this institution has all the conditions. and framework. 
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for the development of the senices necessary for the Indonesian machinery industry. 
However. it would be both useful and significant to prO\ide the MTDDC with a 
government grant for the first two or three years of independent acti\ity. 
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2. PROJECT BACKGROUND AND HISTOR\' 

2.1 History of the Project 

The Project No. DP/INS/88/030 titled "The Establishment of a Machine Tool Design md 
De\"elopment Centre (M.T.D.D.C) was undenaken by UNIDO/UNDP and tl1e Go\"emment of 
the Indonesian Republic to make necessary suppon for the developing local machine tool and 
metal working industries. The idea was first proposed in 1988. 

At this time the metal working industry in Indonesia was based mainly on assembly operations 
in areas of higher product sophistication from workpieces and components imponed from 
collaborating ~ompanies of advanced countries. A cenain pan of workpieces was 
manufactured by local producers who were the main users of machine tools. The machine tool 
industry in Indonesia was in its initial stage. 

There were 16 companies which have been licen~ by the Government of the Indonesia 
Republic as manufacturers of machine tools. A majority of these manufacturers was associated 
in the "Indonesian Machine Tool Industries Association - ASIMPI. The following 3 companies 
were so significant that they could become leading local machine tools manufacturers: 
P.T. PINDAD in Bandung 
P.T. PIMSF Jokro in Pulogadun 
P.T. IMPI in Cilegon. 

The remaining 13 licensed machine tool manufacturers used poor technologies and could not 
be a base for the development oflocal machine tool manufacturing. The types of machines 
assembled at that time were required more for training in technical schools than for 
maintenance and repairs. It was estimated that the Indonesian machine tool production was 50 
per cent of the whole volume. and the rest consisted of imponed parts. workpieces and 
components. 

The impon value of machine tools was about 60 mil USD per year in the second half of the 
eighties. The best example of the growth of machine tools manufacturing is the establishment 
of P.T. IMPI in 1983 collaborating with Mondiale Company of Belgium. It assembled 
comparatively simple lathes of "Celtic" type with centre height 185 mm and maximum length 
in centre distance 1500 mm. The main components: spindle. feedscrew. tailstock. headstock. 
etc. were imponed from Belgium. 

All the above mentioned factors proved a great need to establish a national design and 
development centre as a place of future independent designing of machine tools for consulting 
of metal cutting technology implementation and tools. jigs. fixtures and machine tools design. 

These facts created a base for UNIOO Vienna headquaners and the Government of Indonesia 
to arrange an agreement to submit a tender for sub-contracting services for the implementation 
of the above-mentioned project. The Government Implementing Agency was the Ministry of 
Industry of the Indonesian Republic (DOI oflR). 
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2.2 Objectives 

Expected outputs of the project according to the "Terms of reference for sub-contracting 
senices" are as follo~s: 

• Required activities of the operational Production Engineering Department of 
MT DOC 

I_ Consulting the metal cutting technology (selection of feeds and speeds for different 
types of cutting tools a11d materials related to the different metal cuttir.g processes) 

., Establishment of a metal cutting technology data bank for all major metal cutting 
processes 

3 _ Capability for production planning and controlling of machining processes and 
operations required in the metal working industry 

4_ Provision of extension services in production engineering technology to the industry 
5 _ Pro\ision of extension services in tool and jigs and fixtures design 

• Required activities of the operational Machine Tool Design and Adaptation 
Department of MTDDC: 

6_ Capability for designing and adapting designs for conventional metal cutting machine 
tools (lathes. milling machines. drilling machines) 

7. Supplying designs to local machine tool manufacturers 
8. Testing procedures for machine tool manufacturers 
9. Provision of extension ~nices to the machine tool ~nd metalworking industry 

The project objectives described above were considered as initial tasks for field missions. 

2.3 Executors of the Project 

The project proposal worked out in response to UNIDO request No. P 90/75 was prepared by 
the following Czech institutions: 

I. POLYTECHNA Technical Co-operation Agency 
., BANSKE PROJEKTY OSTRA VA, consulting and engineering centre 
3. INPRO-BRANCH INSTITUTE. Prague. technical and educational centre 
4. OSTROJ OPAVA. machinery works 
5. ZPS ZLIN, machine tools producer 
6. TOS KlJRIM. machine tools producer 

During the project execution the above-mentiont-d institutions joined with other very imponant 
Czech companies to spread the capability of field team members and to utiliz.e thdr experience 
of added areas of the MTDDC activities: 

7. VUOSO, design institute of metal cutting technologies 
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8. CVUT Prague. the Technical University 
9. INSPEKTA Prague. consuiting centre for ISO 9 000 standard series implementation 

The lea-ling company of the project proposal preparation. training arrangement of the 
MTDDC staff and suppon of the MTDDC executive activities was POL YTECHNA Prague 
as a sub-contractor body. 
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J. PRESENT POSITION OF THE INDONESIAN MACHINERY INDUSTRY 

3.1 General Description 

The machinery industry sector in Indonesia has deve,oped remarkably over the last ten 
years. From maling simple machine pans the industry has progr~ to building precise 
machines and equipment such as conventional machine tools (Celtic 14 lathe oflMPI Cilegon) 
to CNC machine tools (MC07-PF machining centre of PINDAD-FANUC Bandung). This 
growth has been conditioned by the inflow of capital investments from multi-national 
engineering companies. Access to ,his inflow of technology and expertise- has created 
conditions conducive for the growth of the base of local machinery builders. With the 
acquisition of greater skills and technological e:\.-perience. local machinery manufacturing 
companies are now able to fabricate more precise and complicated machines and equipment. 

At the same time The Indonesian market is occupied by very skilled machinery producers 
from Japan. Taiwan. Singapore, South Korea. HongKong and other advanced countric-s on 
one side and on the other side it is flooded by a cheap machinery equipment from China and 
other developing countries. This has created very strong competitive pressu.-e from those 
foreign producers upon local manufacturing companies. Regardless of the above-mentioned 
gro\\th of capabilities the lndo~ !sian machinery industry has lost a great pan of its domestic 
machinery market. This can be considered a result of the world-wide recession of national 
economies of the majority of countries in the nineties too. 

This general description can be elaborated upon with reference to the experience received 
during the visit of subcontractor's expens in several machinery companies in Indonesia. These 
\isits to Indonesian factories were arranged to gain a general idea of the factories· 
performance. their effectiveness. and the level of production facilities used for operation. The 
state-o\Wed and private companies \isited by expens. were to represent typical samples of a 
higher technical level with medium or large size manufacturing from private and state sectors 
in Indonesia. all active in small and medium batch production. All factories visited represent a 
very good technical level and create not only new jobs for the lndonesiaD economy but 
influence positively all the factories in the surroundings of the region. 

The basic problem of state-o\\ned factories is that there is a low demand for their products. 
Factories were planned for higher annual production but their real production is only a small 
portion of their capacity. That means that the marketing activity to find better and available 
pr'lducts for the transformation of production programmes is of greater significance. The 
position of private factories in that field is better now. but they need suppon by means of 
higher machine tool utilization and modem control system implementation, including quality 
management systems. Those factors make a sound base for economic growth. 

3.2 Strategy of Development 

·a he strategy of the Govemme:it of the Indonesian Republic in the development of the national 
economy in contemporary conditions is to support the growth of energy production. extraction 
of energetic resources. agricultural production and last but not least. the growth of the 
machinery industry through the implementation nf highly advanced technology. But this 
approach is based on the assumption of optimum choice of machinery production sectors 
regarding the interest of national economy. 
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In accordance witb this viewpoint the government interest is to increase and to develop local 
machinery industry in the field of manufacturing of workpieces. spare pans and components 
for trucks and personal cars. Tc, this end. a special order was passed by the Ministry of 
Industry to raise the share oflor;al industry in pans production. 

The same can be said about the government interest to increase the export ability of the 
Indonesian machinery industry. 

One of the ways to reach this objective is the ·wide application ofQMS certification according 
to ISO 9000 standards in production companies. The procedure of certification needs a 
comparatively long period of company preparation for QMS implementation. This movement 
is supported by the significant order of the Ministry of Finance and the Ministry of Trade on 
che preparation of 50 famous state-owned production companies for QMS certification. 

The most important step by the government since the first half of 1993 is the transformation of 
a rigid financial policy in Indonesia to a more free fmancing activity after a three year period of 
limitation of investment policy. 

3.3 Machine Tool Producers 

The Indonesian machine tool producers are associated in ASIMPI . The Indonesian ~achine 
Tool Industries Association was founded in 1984 by 11 members. The aim of the association is 
to be a government partner in the identification of machine tool industry development policy 
and to support machine tool producers in their marketing, technological and manufacturing 
improvement. 

Aims of the association: 

• to be a government partner in the fonnulation of the machine tool industry development 
poli~y 

• to collect information concerning the machine tool industry (Central Information Bank) 
• to support the technological development of machine tool producers 
• to analyze market conditions and define the strategy of machine tool manufacturing 

A brief description of the main ASIMPI members: 

• PT. INDUSTRI MESIN PERKAKAS INDONESIA (PERSERO) 
Year of Establishment: 1983 
Place: Cilegon 
Status of Company: state-owned company 
Amount of Employees: 60 persons 
Business Line: Machine tools for metal/wood working and engineering services 

• PT. PIMSF PULOGADlJNG 
Year of Establishment: 1973 
Place: Jakarta, Pulogadung, Industrial Estate 
Status of Company: Private Company (Tjokro Group) 
Amount of Employees: 3~0 persons 
Business Line: Machine tools, par:ts for vehicles, gear manufacturing 
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• P.T. PINDAD (Persero) 
Year nf Establishment: 1984 
Place: Bandung 
Status of Company: state-owned company 
Amount of Employees: 5400 persons 
Business Line: machine tools. Defence Industries 

• P. T. TOOLS INDONESIA (TOOLSINOO) FIRST TRADE 
MACHINERY 

Year of Estabiishment: 1985 
Place: Jakana 
Status of Company: private company 
Amount of employees: 85 persons 
Business Line: marketing. sale. utilization of machine tools 

etc. 

In regard of the real situation on the machine tool market the MTDDC services will be offered 
to other Indonesian engineering companies. The 7th Progress Repon includt~ a description of 
some companies of other branches. 
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4. PARTIAL TRANSFORMATION OF THE PROJECT OBJECTIVES 

4.1 Additional Aims 

The additional aims were defined by representatives of the MTDOC management. 
UNIDO/POL YTECHNA field team and UNIDO Vienna office. partially to transform the 
MTDDC acti\ities in accordance with the actual situation of the Indonesian machinery 
industry. The additional aims are as follows: 

• machine tools utilization 
• operation management 

• production programme 
• capacity calculation 
• process design 
• production planning 
• inventory management 
• work force management 
• quality control management 

• technology consuhation 
• metal cutting conditions 
• available tools. jigs. fixtures 
• process charts 
• metal cutting technologies data base implementation 

• evaluation of technology in automobile industry used for mechanical part manufacturing 
• quality management systems consuhancy 
• arrangement of technical seminars and conferences 
• educational training for machinery factory staff 
• co-operation during Feasibility Study elaboration 

4.2 Useful Additional Activities 

-t2. I Machine Tool Utilization 
Data base (a choice from 7 suggestions) 
User's guideline 
Programmer· s guideline 
Metal cutting conditions 
Total production costs calculation 
Co-operation with VUOSO Prague 

.i.2.2 Quality System Services 
Diagnostic analysis of customer· s company 
Training period (top management. management personnel. internal auditors) 
Control system and technological standard assessment 
Quality control documents elaboration 
Experimental implementation 
Preliminary audit 
Preparation for certification 
Co-operation with NOVOQS Singapore. INSPEKTA Prague 
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4_2_3 Automobile lndusuy Senices 
Methods of pans manufacti!ring e\11luation 
Local share of production of workpieces 
Government RI Instruction 
MTDOC tasks 
SUCOFINOO Jakana new di"ision 
Organizational structure 
Future co-operation with LIAZ Jablonec 

The 1st. 5th, 6th, 7th PROGRESS REPORTS give the explanation of the necessity of the 
above-descnl>ed aim transformation_ 
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S. PROJECT REAL IMPLEMENTATION 

S.l Project Subcontractor's Team 

The suhcontractor · s team went through necessary changes in accordance with the 
development of the project implementation. The flexible ch~nges regarding the panial 
transform;ation of the project objectives based on the agreement with the UNIOO office and 
National Project Director have been as follow~: 

• Initial team members set up from the Project Proposal: Messrs. Sebela. Ph.D .. Seveik. 
Ph.D .. Houzva. M.Sc. Urban. M.Sc .. Koneeny. M.Sc. 

• Added team members: Messrs. TomeK. PhD .. Pujman. Ph.D. Bauer. M.Sc .. Madie 
Ph.D .. Wencl. M.Sc .. Zemlicka. M.Sc. 

All the above-mentioned members of the team have ~ up the home base for the field mission 
preparation. The following part of this Ch~pter contains a brief explaoatien of the quality and 
proficiency of these experts. 

In the training period other experts from the Czech compan1es and technical and educational 
institutions took part - a total of approximately I 00 pel'Sl'os. Some other experts helped the 
MTDDC staff to arrange the follow-up training in Singapare. 

Participants of field missions: 

Mr. Sebela Zdene~ Ph.D. - Team Leader - expert in th.! research of the modernization of the 
machinery industries including the implementation of advanced technologies and feasibility 
studies. skilled in operation management and production planning 

~Ir. Sevcik Arnost. Ph.D. - expert in planning of research institute operation. information 
system utilization and hydraulic system development 

Mr. Houiva Ladislav, M.Sc. - expert in machine tool designing and manufacture including 
jigs and fixtures 

Mr. Tomek Pavel, Ph.D. - expert in res.'!arc'i and development of metal cutting technologies 
and cutting tools. advanced technologies. llexihle manufacturing systems 

Mr. Pujman Jiii, Ph.D. - expert in the automation of machine tool drives and controller~. 
CNC control systems. programming of flexible manufacturing systems and robots 

~Ir. Bauer .Jaroslav, M.Sc. - expert in standardization of testing of machine tools. 
measurement of machine tools and ISO 9000 implementation 

Mr. Madie ljude~ Ph.D. - expert in metal forging. metal forming and metal welding 
technology data base and in CAD/CAM implementation 

Mr. Wend Karel, M.Sc. - expert in HW and SW of metal cutting technology <!ata hasc 
responsible for its implementation 
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'.\Ir. Zemlicka Petr, M.Sc. - expen in consulting of quality system implementation as directed 
by ISO 9000 sta'ldard series. 

The home suppon of field missions was pro\ided by funher experts as follows: 
~Ir. Urban Jiii', !\I.Sc. - expen in machine tool drives and servodrives and in automation 

!\Ir. Konecny Bohumil, M.Sc. - expen in machine tool c1ssembly. testing and set up 

!\Ir. lmlauf Jiii, 1\1.Sc. - expen in the preparation and provision of technical training planning 
and on-the job training preparation and providing. 

The home suppon was also provided by the staff of participated institutions as follows: 
- POL YTECHNA Prague Ltd 
-DANSKE PROJEKTY Ostrava Ltd 
- INPRO Prague Ltd 
- VUOSO Prague Ltd 
- CVUT Prague (Technical University) 
et~. 

The on-the job training was ensured through the assistance of many experts of machine tools 
producers as follows: 
- KOVOSVIT Sezimovo Usti Ltd. 
- ZDAS Zd'ar and Sazavou Ltd. 
- TOS K unm Ltd. 
- ZPS Zlin Ltd. 
- OSTROJ Opava Ltd. 
- DIAGNOSTIKA Darkov-Karvina 
- STROIMPORT Prague Ltd. 
- TOS Celako\ice Ltd. 
etc. 

TI1e MTDDC staff training in Singapore was assisted by expens fonn the following 
institutions: 
- SISIR Singapore Ltd 
- NOVO-QS Singapore Ltd 
- OMRON Singapore Ltd 
- The National University of Singapore 
etc. 

~.2 Project Field Missions 

The objectives. members' tasks. duration. and achievements of the field missions are 
described in detail in pre\ious Progress Repons: 

ht PROGR£SS REPORT- 1st mission (08i1991 - 12/1991) 

~th PROGRESS REPORT- 2nd mission (the first pan. 10/1992 - 12/19<>2) 

7th PROGRESS REPORT - 2nd mis.~ion (the second part. 04/199)) 
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(the third part. 05. 1993 - 10/1993) 
Because of this only a brief report of these field missions is made in this chapter. 

The First M i'i~i,,n 

Time Period: August 1991 - December 1991 

Objectives: 
• to in\·estigate the actual situation of the Indonesian machine()' industry and primarily in 

machine tool manufacturing 
' in accordance with resuhs of the above-mentioned analysis. to define the necessary 

goals of the MTDDC activities 
• to assist in the MTDDC staff recruitment and to recommend available participants for 

t~'\;bnical training in Europe 
• to prepare the basic version of the training programme 

Participants: 
Mr. Sebela. Ph.D. (4 m/m) 
Mr. Sevcik. Ph.D. (2 m/m) 
Mr. Houfva. M.Sc.(:! m/m) 

The Second Mission, the ht Part 

Time Period: October 1992 - December 1992 

Objectives: 
• to participate in the preparation of training in Singapore 
• to arrange on-the job training in the automation of engineering factories and metal 

cutting technologies - by OMRON Ltd Company - Singapore (free of charge) 
• to continue the theoretical training received in the Czech Republic (data base for metal 

cutting technologies) 
• to assist in the choice of a data base (process charts elaboration) 

Participant: Mr. Sebela. Ph.D. (2 m/m) 

The Second Mission, the 2nd Part 

Time Period: April 1993 

Objectives: 
• to improve the possible co-operation in the sphere of the Quality Management System 

Sef'\ices, between lnspekta Prague and the MTDDC Indonesia 
• to investigate the main tendency of QMS implementation in the Indonesian industry 
• to give the knowledge of QMS preparation and certification in the machinery industry 
• to elaborate a programme of the last pan of the second field mission in accordance with 

the current situation of the MTDDC 
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Panicipants: 
Mr. Sebela. Ph.D. (I mim) 
Mr. Zemlicka. Ph.D. (I mim) 

lbe Sttond Mission, the 3rd Part 

Time Period: 
The third pan of the second mjsgon was arranged in accordance with an agreement between 
UNIDO. DOI of IR. MTDDC and POL YTECHNA as the split mjsgons as follows -
a) May 1993 -June 1993 
b) July 1993 -August 1993 
c) September 1993 - October 1993 

Objectives: 
a) 

b) 

c) 

• to hand over lectures prepared by the C7.eeh experts for the proposed 
semmars 

• to work out general guidelines for the inspection of machine tools to verify 
all imponant characteristics 

• to visit the chosen Indonesian factories to get the general idea of the 
industrial level in manufacturing 

• to elaborate Field Repon of the factories visited including the main 
suggestions for their modernization 

• to continue the elaboration of the instructions for inspection of machine tools 
for the verification of the propenies of purchased machines and their 
durability during their utilization: quality of construction and adjustment of 
machines and their main components. function of machine. vibrations. noise. 
power utilization. safety of the machine 

• to work out the recommendation of standards for manual control of machine 
tools for NC machme vlols 

• to recommend technolGgical principles of fonning and forging processes 
with some imponant basic technological rules 

• to elaborate the questionnaire for quality control diagnostics and the 
directives for machine tools testing 

• to take pan in the training of new inspectors for the verification of 
manufactured parts in the automotive industry 

• to take pan in the preliminary assessment of some factories of the 
automotive industry 

• to provide customization of the data base of metal cutting technologies 
• to implement the above mentioned data base in the conditions of the 

Indonesian machinery industry 
• to hand over the whole program system including full documentation 

package (installation of diskettes, source listing, user· s manual, programmers 
manual) 

• to train the MTDDC staff in the data base implementation (process chans 
elaboration in accC1rdance with metal cutting conditions) 
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• to take part in the postgraduate course prq>aration (organized by the 
MTDDC. the University of Indonesia. UNIDO POL YTCHNA team) 

• to present lectur:s in accordance with a complete sur\"ey of technical 
infonnation in the area of production planning in manufacturing industry (A) 
and in the field of machine tools automation and robotics ( B) 

• to publish proceedings of the abo\"e-mentioned topics (A-operation 
management. process design. rrnduction planning and scheduling. in\"entory 
management). (B-automation of manufacturing by using CNC. adnnced 
technologies in machining. retrofitting of machine tools. Flexible 
Manufacturing Systems applications. CIM implementation) 

• to define the future possibility of the co-operation between the MTDDC and 
collaborating institutions 

Participants: 
Mr Sebela. Ph.D. (4 m.·m) 
Mr Bauer. M.Sc. (4 m:m) 
Mr Pujman. rh.D. ( 1.5 mim) 
Mr Tomek. Ph.D. ( 15 mim) 
Mr Wencl. M.Sc. (2 m.m) 
Mr Madie. Ph.D.(:! m:m) 

The total duration of split fieid missions -.,;as 27 m1m. 

The home support 

The field missions and educational technical training of the MTDDC staff were supported by 
holl'e acti\ity of the team members. This home support has been pro\ided from January 1992 
to August I 993. The home support consisted of: 

• working out of the technical training programm.? 
• participation in both theoretical and on-the job training 
• elaboration of the documentation of QMS (Quality Management System) p1esentation 
• elaboration of the lectures for prepared seminars 
• elaboration of the documentation of machine tool testing and measurement 
• elaboration of the documentation of metal forging and fonning processes 
• preparation of the data base for metal cutting technologies 
• elaboration of the proceedings of the postgraduate course - production planning 
• elaboration of the proceedings of the postgraduate course - industrial automation and 

robotics 
etc. 

The team members who participated in the home support acti\ities in accordarce "'ith 
necessary project preparation are the follo\\ing: 
Mr Sehela. Ph. 0. - 8 m1m 
Mr Sevcik. Ph.D. - I m/m 
Mr llouz\'a. M.Sc. - I m.'m 
Mr Tomek. Ph.D. - J mim 
Mr Pujman. Ph.D. - J m:'m 
Mr Bauer. M.Sc. - 2 m.'m 
Mr Madie. Ph. fl - I m/m 
Mr Wend. M.Sc. - 2 mm 
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Mr Zemlicka. M.Sc. - I m/m 
Mr Urban. M.Sc. - 2 m/m 
Mr Koneeny. M.Sc. -2 m/m 
Mr lmlauf. M.Sc. - 4 m/m 

The total duration of the home support activities was 30 m /m. 

S.3 Training of the MTDDC Suff 

The main part of the training of the Indonesian engineers was arranged in the Czech Republic 
in accordance with agreed training stages as follows: 
A - English language practice 
B - Initial theoretical course 
C - Labs and workshops practice 
D - Basic theoretical and particular courses according to profession 
E - On-the job training in factories. laboratories and enterprises 
F - Final stage of training 
G - Final project elaboration 

Proposed principal subjects oflectures and on-the job training in the Czech Rq>ublic 

I. Technology of manufacturing processes: 

a) Machining - metal cutting processes 
b) Abrasive processes 
c) Forming performance prediction and control 
d) Electro-physical processes including laser machining 
e) Welding 
f) Advanced processes of manufacturing 
g) Engineering materials for meta! cutting proces.ses 

IL Computer aided engineering 

a) Advanced programming techniques 
b) CAD principles 
c) CAD/CAM and C/M 
d) Computer aided measurement and inspection 
e) Computer methods in the production planning 

Ill. Machine tool design 

a) Construction of machine tools principal n des 
b) Design and construction of the NC machit • .: tool and machining centres 
c) Construction of manipulators, tools magazines, technological pallets and other principal 

nodes of the machining centres and flexible production cells 
d) Specific problems of the construction of grinding machines and gear generating 

machines 
e) Selected problems of the precision of machine tools 
f) Experimeutal methods of research of machine tool properties 
g) Testing of machine prototypes 
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h) Theory of positioned and speed servosystems 

IV. Tools. jigs. ti.mares design 

a) Materials of tools 
b) Optimum cutting conditions 
c) Tools quality inspection 
d) Sharpening of tools 
e) Jigs design 
0 Fi'lrtllres design 

V. Automation of machine tools and robots 

a) Robots and machine tools automation 
b) NC Machine drives and control systems 
c) Machine performance 
d) Attendance and maintenance ofFMS 

VI. Manufacturing systems 

a) System elements and operation 
b) Control and management systems 
c) System simulation 
d) World development of MC and FMS 
e) Application of FMS in the advanced developing countries 

VII. Marketing - evaluation 

a) Sales and implementation of used and retrofitted machines 
b) Marketing in the bids. sales and manufacture of engineering products 
c) Network of shops and dealers 
d) Methods of analysis of engineering production 
e) Forecasting of production 
0 Economic statlStics 
g) Licence policy and foreign trade 
h) Methods of prognoses 
i) Principles of management and financing 
j) International commercial Laws 
k) Principles and techniques of commerce 

The first stage of the training was arranged by the follo\\ing companies and institutions: 
INPRO Prague (leading partner) 
tvuT Prague 
VUOSO Prague 
KOVOSVIT Sezimovo Usti 
ZDAS Zd'ar nad Sa7.avou 
TOS Kufim 
ZPSZlin 
DIAGNOSTIC LADORA TORY Darkov 
DANSKE PROJEKTY Ostrava 
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OSTROJ Opava 
TOS Celiko~ice. etc. 
Planned subjects oflectures and on-the job training in Singapore: 

I. Quality Management Systems 

a) ISO 9000 standard series 
b) Quality Systems manuals and documentation 
c) Preparation process for QMS cenification 
d) Framework of the certification procedure 
e) Training for provisional assessors 
0 Training for lead assessors 

II. Manufacturing Factory Automation 

a) Strategy of total factory automation 
b) Production management system 
c) Control systems at machine station level 
d) Sensing systems at eq&1ipment level 
e) Programmable controllers for the factory automation and for the FMS 
0 Computer integrated manufacturing - CIM 

III. On-the job training in laboratories of the control equipment 

The second stage of the training was arranged hy the following institutions: 
NOVO Quality Services. Singapore 
OMRON Ltd. Singapore 
National University of Singapore 

The following panicipants of the above-described technical training in the Czech Republic and 
Singapore were recruited as trainees : 
Mr. Ir. Henky Nugroho 
Mr Ir. Rico Sihombing 
Mr Ir. Bambang Prianfo 
Mr Ir. Arif Ahmadi 
Mr Ir. Wardjito (partially) 
Mr Ir. Bambang Yosef Dwiono 
Mr Ir. Handono (panially) 

The National Director of the MTDDC - Mr. Indra Potra Almanar, Ph.D., M.Sc. - has taken 
pan in two study trips to the famous European ins:itutions and companies in Great Britain. 
Austria and the Czech Republic. 

The training topics have covered the entire area of the planned programmes. 

A comprehensive explanation of the training implementation was described in the 2nd. 3rd and 
6th PROGRESS REPORTS. 
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5.-1 Fulfilment of Projttt ObjtttiHs 

The project objecti\·es were defined by the Project Document - No DP lt\S 88 030 B 01 37. 
All planned outputs hne been included into the MTDOC Work Plan. The outputs of the 
project objecti\·es were discussed by MTDDC management and lJNIOO. POL YTECHNA 
field team and common evaluation of their fulfilment (to December 1993) are as follows: 

Output 1: Production Engineering 
I. I Software capability in metal cutting technology. such as for optimal selection of feeds 
and speeds for various types of cutting tools (high speed steels. carbides. ceramics) and 
different types of materials (such as grey cast iron. non-ferrous metal. bronze. brass. 
aluminium. all kinds of steels) and related to the different metal cutting process operatio!ls such 
as turning. milling. drilling. broaching. boring. grinding. etc. Capability for determining tool 
geometry requirements for abO\·e metal cutting processes 
(fulfilment: 100 °o - December 1993) 

1.2 Establishment of a metal cutting technology data bank for all major metal cutting 
processes with the main parameters mentioned under I . I above. including cutting forces and 
heat de\·elopment during the manufacturing process with and without cooling cutting media 
t:tc. 

(fulfilment: 100 °o - December 1993) 

1.3 Organizational arrangements for provision of ex1ension sef\ices to the metal cutting 
industry for the proper selection of machine tools and their optimum utilization 
(fulfilment: 100 ° o - December 1993) 

I . -t Capability in design and manufacture of tools and tooling fix1ures for metal cutting 
operations 
(fulfilment. 80 ° o - December I 993) 

I. 5 Organi7.ational arrangements for prO\ision of extension sef\ices i:. tool design and tool 
application required for manufacture in the metal working industry 
(fulfilment: -to 0 o - December 1993) 

1.6 Trained staff for the above items 
(fulfilment: I 00 ° o - December 1993) 

Output 2: An Operational Machine Tool Design and Adaptation lfnit 

2. I Capability in design and adaptation of design for simple conventional metal cutting 
machine tools. such as lathes. milling and drilling machines 
(fulfilment: 80 °o - December 1993) 

., ., Introduction of designs to local machine tool manufacturers 
(fulfilment: 60 ° o - llecemher I <>93) 

2.3 Established design and testing procedures for machine tools manufacture 
(fulfilment: 100 °o - December t<><>J) 
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2. 4 Provision of extension services to machine tool and metalworking industry 
(fulfilment: 80 % - December 1993 
2.5 Trained staff for the above items 
( fulfiln,ent: I 00 % - Dl!Cember 1993) 

The additional output aims were descn"bed in Chapter 4. The planned and unplanned achievt.-d 
objectives together are to support the MTDOC ability to fulfil its required services for the 
Indonesian machinery industry. 
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6. THE ESTABLISHMENT AND DEVELOPMENT OF THE MTDDC 

6.1 MTDDC Status 

The Machine Tool Design and Development Centre in Indonesia - MTDDC -was established 
as a non-profit making and private institution at the begMtiing of August. 1991. The basic 
capital of MTDDC is 4.0 million Rupias which consists of ~ual contnl>utions from eight 
founders. 

The major right of every founder is to be nominated a member of the Board of Founders and 
other superior bodies as follows: 

BOARD OF FOUNDERS 
BOARD OF CONTROL 
EXECUTIVE BOARD 

The Department of Industry of the Indonesian Republic is responSil>le for guiding the 
development of the MTDDC through the period of the assistance by the UNDPIUNIOO 
project and then through the starting period of providing services to the Indonesian machinery 
industry. 

The UNDP/UNIOO authorities are responsible for control and evaluation of the 
UNDP/UNIOO project implementation in accordance with agreed objectives. 

According to its Status the MTDDC in Indonesia is a national promotion centre set up to 
develop the national machinery production including marketing services. and to be a national 
educational centre. 

6.2 MTDDC Management 

Mr. Indra Putra Almanar. Ph.D., M.Sc. was appointed the Head of the Executive Board and 
at the same time the National Project Director. The Board of Founders has the legislative 
power with a two thirds majority to make significant decisions. The Board of Control is 
obliged to check that the elaboration and implementation of the research and development 
programme is transformed into the comprehensive work plan. 

6.3 MTDDC Per~onnel 

The MTDDC staff consists of directly employed members and of fellow-workers submitted 
to external co-operation regarding activities provided. This flexible approach could help the 
problem of the shortage of sources of salaries and at the same time to manage sufficient 
consulting and design capacity. 

The direct employed members for the full duty are: 
- Mr Indra Putra Almanar. Ph.D., M.Sc. 
- Mr Ir.Rico Sihombing 
- Mr Ir. Dana S. Suroso M. Eng. 

FINAL REPORT, VOLUME I, Page l!li 



At the headquaners there are technical and subsidiary assistants. There is no cenainty that the 
abo\"e-described siruation remains the same because of \'ery changeable conditions and 
continuing poor financial resources for salaries. 

The group of external experts which consists of trained and skilled engineers is considered to 
be the technical and scientific power of the MTDDC for the future development of acti\ities 
for the Indonesian machinery industry. From time to time they take pan in working teams in 
accordance ·with existing contracts with ciients or customers but they are permanently 
employt.-d by other employers - mostly by the University of Indonesia. This group is divided 
into experts and assistants. 

The external experts are as follows: 
Mr. Ir. Henky Nugroho 
Mr Ir. Bambang Prianto 
Mr. Ir. Arif Ahmadi 
Mr Ir. Wardjito 
Mr Ir Bambang Y osef ~iono 
Mr Ir. Handono 

The first four persons belong to the educational and/or pedagogical staff of the University of 
Indonesia and have good opponunities to give their high knowledge. received through the wide 
training during the UNDP/UNIDO project. to many students and panicipants of postgraduate 
courses. 

This position is more advantageous because the utiliz.ation of their acquired knowledge of the 
engineering of the machine tools area and of the metal cutting technology development of the 
Indonesian machinery industry and the Indonesian engineering companies is increased by 
contacts with both postgraduate students and representatives of many companies. 

The assistants of the external group are as follows: 
Mr Rent Musa 
Mr Misyal Abdullah 
Mr Denny Andrew S. 
and others. 

The existence of a "ider set of specialists to the MTDDC in Indonesia gives a guarantee of the 
increase and improvement of the MTDDC services. 
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6.-1 l\ITDOC Organizational Structure 

The MTDDC in Jakana is a compantn-ely simple organizational body and its structure has 
often been adapted to the necessity of senices required_ At the end of 1993 it consisted of tbe 
organizational structure on the following diagrams_ 

In accordance with the very close relationship between the MTDDC and SUCOFINOO 
Jakana in the \'erification of the share oflocal industry in automobile parts manufacturing was 
worked out the organiz.ational structure of the MTDDC automoti\'e industry dnision sho"n 
on the nex1 diagram_ 

These structures are sho\W regardl~ of the actual people appointed for each function. The 
MTDDC organizational structure will be permanently developed in considention of the 
de\'elopment or services required by the Indonesian industry_ For special tasks it could 
establish temporary working teams of expens. 

6.5 MTDDC Offered Activities 

After more than two years assistance of the MTDDC it is possible to define its ability to off er 
sen ices for the Indonesian machinery industry as follows: 

• consultations at the introduction and setting of con\'entional machine tools and the NC 
machines and machining centres 

• cor.sultations at design and implementation of production systems up to the level of 
flexible manufacturing systems 

• consultations at the selection of tools and cutting conditions for hand-operated and NC 
and CNC controlled machines 

• co-operation in the selection of working procedures by way of proc~ chans elaboration 
(data base of mutual cutting technology) 

• co-operation in the selection of production machines. tools. jigs. fixtures and acces.sories 
• co-operation in the evaluation of production costs of forecasted workpieces 

manufacturing 
• co-operation with manual and computer programming of NC and CNC machines 
• working Gf expen studies of the machines installation and technology implementation for 

newly introduced or modernized production (lay-out design. production flows. traffic 
facilities etc.) 

• training of operators of the CNC machines and machining centres for attendance and 
maintenance of the machines and adjustment of programmes 

• co-operation in enhancing the precision and degree of automation of the manufacturing 
machines by retrofitting 

• co-operation in designing and adjustment of the machines, tools, jigs and fixtures 
• proposal of purchase of foreign machines. tools and technology. co-operation in 

evaluation of the competitor's quotations and panicipation in commercial and technical 
negotiations 

• marketing studies for the evaluation of sales of newly introduced products such as 
machine tools. acces.wries and tools 

• working the market through the advertisement of new products of local and foreign 
manufacturers 
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• co-operation in the testing of machine tools (geometric accuracy. repeatability of 
positioning. for manual control and for NC machines. noise. temperature. effects. 
rigidity. dynamic stability etc. 

• co-operation in engineering. plant preparation for the quality control system 
implementation according. to ISO 9000 standard series 

• co-operation with both production and non-production companies preparation for the 
MQS cenification regarding. the ISO 9000 standard series (education. training. dia~osti..: 
analysis. working out quality control dO\.-umentation . pro\'iding preliminal)· audit etc.) 

• co-operation in lhe verification of the local industry production share in the workpieces 
manufacturing (automotive industry of the Indonesian Republic in joint production \\ith 
foreign automobile producers) 

• co-operation in wc;rking. out feasibility studies by means of input data preparation md 
elaboration of special tasks including. economic assessment regarding local condition~ 

• organization of courses on new engineering production technologies and techniques for 
the staff of industrial research. production and investor· s institutions and for students 
from the Indonesian liJliversities 

• organiz.ation of courses on operation management (production strategy according to 
conditions of national economy. process design. process planning. inventory workforce 
management. quality system management maintenance) for the staff of the Indonesian 
engineering companies and for students from the Indonesian unn-ersities 

• publishing the MTDOC acti,ities through active participation in scientific conferences 
and symposia and in local and international exhibitions. 

This s.;ope of possible MTDDC acti\ities is based on the technical training of the MTDOC 
staff within the framework of UNDPJUNIDO project. on the skills of t1Je MTDOC employees 
and e:\.1cmal expens including top management. and last but not least on the experience of 
subcontr:1ctor · s e.1Cpens passed on during the field missions. The MTDOC workers wilt have to 
master and permanently maintain a great ,·olume of knowledge and craft in the course of their 
a~1i,ity \\1th regard to various requirements of their clients. 

6.6 '.\ITDD<: Space and Equipment 

The rooms gi" en to the MTDDC in I Tl Kramat Raya Street in Jakarta as headquarters are not 
sufficiem for in,crease of activities and corresponding work. Regarding the National Director· s 
opinion it is necessary to arrange refurbishment of this space at the cost of approximately 
'.!5 000 USO. It i; impossible to pro\ide this from its own financial resources. Another ~e of 
this situation would be to move tc another space but it depends on the 001 · s decision. 

The co-operation between the MTDOC and SUCOFINDO has brought a second place of the 
MTDOC acti\ity in ASPAC building at Rasuna Said ~treet in Jakana .But these rooms can not 
be ust;d by all the staff of the MTDOC. 

During the period of 1992 - 1993 the MTDDC was supported by lJNDP/llNIDO and DOI RI 
in obtaining the neces.ql)· equipment and accessories. At the beginning of the above-mentioned 
period they received two DAlllA TSU cars for 4 and 6 passengers. Both cars are used by the 
MTDDC staff 

The MTI>I>C hcadquaners are also equipped with telephone. facsimile apparatus and 
air-conditioning. 
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Through UNDPiUNIDO project the MTDDC reccn-ed two PC computers as follows: 
PC A T-386. coprocessor. OOS5. oper. syst. WINDOWS. RAM -1 - 8 Mb. Hard disc I ~O Mb. 
laser print. 

The gradual obtaining of SW products for supporting the MTDOC SCf\lces will be one of the 
main obligations of the MTDDC in the near future. The subcontnctor·s team handed O\"er for 
the MTDDC utilization SW product The Data Base of Metal Cutting Technology to execute 
process charts (detailed explanation in 7th PROGRESS REPORT. chapter 1.3.1 ). 

6.7 MTDDC Needs for Devdopmmt 

It could not be declared that aU the needs for the nmniog of the MTDDC are co\'ered. In fact 
"The Machine Tool Design and De\-elopment Centre in Indonesia" needs great suppon for the 
initial period of the independent acti\1ty. 

First of all they need certain funds to CO\'er a pan of nmniog costs.. The absence of this fund 
throws the MTDDC into the situati'1n of fighting for sunl\-al at any price. On one side there 
are normal conditions of free market economy but on the other side the ambition of such an 
institution is higher than only to generate the financial resources for sunival. The MTDDC · :i 
aim is to assist in the de\'elopment of technology of the engineering industry of the Indonesian 
Republic regardless of the willingness of clients to pay money for these services.. 

Therefore the MTDDC · s needs occupy its necessity to keep and to ex"tend contacts with 
domestic and international institutions. These contacts will bring new information and new 
knowledge of technological developmenL new ideas and intentions. This tendency will be 
supponed by all enterprises taking pan in UNDP/UNIOO project which are ready to arrange 
co-operation between them and MTDDC after the de.id line of the project. The 
abo\·e-mentioned co-operation could be transformed into paid subcontractors sen ices. 
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7. EXPERIENCE 

7.1 The Forecast of the Project Objectn·rs 

The forecast of en>lution to a bi!!h degree of accuracy is one of the most difficuh functions of 
cousuhants and authors of strategic decisions. Such a difficuh task is in front of every project 
decision maker. No economists could hne assumed such a world wide stage of decrease five 
years ago. first of all in the sphere of machinery production and investment ability. This trend 
has afflicted the machine tool production even in highly industrialized countries in the world. A 
risk of inaccurate forecasting can be panially eliminated by variable forecast with the same 
\-alue of relevance for every \-ariant. Even contradictory variants have to be taken into 
account. The project can be defined according to the most probable variant of evolution. on 
condition that tile primary forecast is periodically analyzed and proportionally adapted 
referring to changing cor.ditions. Only in this \\-ay we are able to avoid mistakes in definition 
and realization of projects.. 

7.2 The Flexible Approach to the Project Implementation 

The project of the establishment and suppon of the activity of a new consuhing and research 
centre has a long tenn character. Today· s world of fast economic changes influences initial 
prC\fously unchangeable project aims. The transformation of the project objectives earlier \\"IS 

supposed to be an unpleasent exception only. The analysis of the objectives necessary 
transformation has to be included into the project workplan directly. The acceleration of 
changes of sectors of the industry and the national economy of the country and the entire 
geographic region. is so strong that only the flexible approach to the transformation of the 
project aims brings the guarantee of the fulfilment of real. useful results of the project. 
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ANSEXF.S 

DOCUMENTS OF THE MTDOC CO-OPERATION AND COLLABORATION 

ANNEX I Memorandum of Understanding between the MTDOC Indonesia and Novo 
Quality Senices Singapore 

ANNEX 2 Memorandum of Understanding between the MTDOC Indonesia and the 
Department of Mechanical Engineering- Engineering Facuhy -the Uni,ers:ty 
of Indonesia 

ANNEX l Memorandum of Understanding between the MTDOC Indonesia and 
Binske projekty Ostrava. the Czech Republic 

ANNEX -I Minutes of the Meeting Held by and between the MTDOC Indonesia and 
lnspekta Ltd Prague. the Czech Republic 

ASNEX 5 Memorandum of Understanding between lnspekta Ltd Prague and 
the MTDOC Indonesia 
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ANNEX I 

l\IEl\IORANDml OF UNDERsrANDING 

between 
Machine Tool Desip Development Center-Indonesia (MTDDC-lndonesia) 

and 
Novo Quality Services (NQS), Singapore 

for collaboration in providin& ISO 9000 comultaocy/trainiog to 
companies in Indonesia, associated with MTDDC - Indonesia 

-· ~ ...:. 
- -
~ - ~~ 
;:_~~~ 

NOVO 
i ·.· \ :_ I ! Y 
" :. .... ! ....: t \ 

The parties hereby agree to collaborate on providing ISO 9000 consultancy and training services 
to companies in Indonesia associated with MTDDC-lndoaesia on the basis of the following 
understanding: 

L 

., 
a.. 

3. 

4. 

5. 

7. 

8. 

That MTDDC-lndooesia will provide NQS with its associated companies that need help 
in implementing ISO 9000 . 

That NQS will provide consulting and training services to the companies on behalf of 
MTDDC-Indonesia. 

That NQS will charge an agreeable fee to MTDDC-Indooesia regarding SCIVices 
pro .. ;ded by NQS to the companies. 

That NQS is free to provide ISO 9000 consultancy/training services to other companies 
in Indonesia not associated with MTDDC-Iodonesia. 

That NQS will use the provisional assessor(s) provided by M1DDC-Indonesia in 
carrying out the service.~ in the companies associated with M1DDC-lndonesia when 
necessary. 

That NQS will give assistance to the provisional assessors provided by MTDDC
lndonesia in order to bring up their level of qualification from the provisional assessor 
to registered qualified assessor and lead assessor. 

That MTDDC-Indonesia will provide NQS with an office space in MTDDC-lndonesia 's 
office to support NQS activitie.s on ISO 9000 in the MTDDC-lndonesia's associated 
companies. 

112 
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9. That this Memorandum or Understandin& should be followed by a joint operation 
contract at the time MTDDC-Indonesia provides NQS with projects on consultancy and 
training of ISO 9000 for the associated companies of MTDDC-Indonesia. 

l 0. That this Memorandum or Understandin& is valid for one year from the date of signing 
and may be renewed by murual consent. It may be terminated by either party with 90 
days written notice. 

Signed in .. J.~J.C:.,~ ... on .. ~.J?.~~~1992. 

Teo Nam Kuan 
Managing Director 
Novo Quality Services Ptc Ltd (NQS) 
Singapore 

212 

1r.1nc1ra Potra MSc.PhD 
Director 
Machine Tool Design and 
Development Centre - Indonesia 
(MTDDC-Indonesia) 
Jakarta, Indonesia 
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ANNEX 2 

i\IEl\IOilANDUl\'I OF UNDERST .ANDING 

Let ween 
The 1"1ACHINE TOOL DESIGN and DEVELOPMENT CENTER -

INDONESIA 
(lVITD DC-Indonesia) 

and 
The DEPARTl\IENT OF l\tlECHANICAL ENGINEERING, 

ENGINEERING FACULTY- UNIVERSITY OF INDONESIA 
(Deplof ME-EFUI) 

for COLL.ADORATION IN THE DEVEI.OPl\tENT OF l\.1ACHINE TOOL 
TECHNOLOGY IN THE INDONESIAN MANUFACTURING INDUSTRIES 

The parties hereby agree to collaborate in U1e development of machine tool 
tedu1ology in the Indonesian manufacturing industries on U1e basis of the following 
understanding : 

1. MTDDC-lndonesia will provide the Dept. of ME-EFUI with intemationally 
recognized e)l.-perts concerning the projects of the development of machine tool 
technologies to be carried out with MTDDC-Indonesia. 

2. Dept. of ME-EFUI will provide U1e MTDDC-Indonesia wiU1 engmeers. 
laboratories, hardware and software facilities for the project. 

3. MTDDC-Indoncsia will provide the engineers of U1e Dept. of ME.:.EFUI involved 
in this collaboration with training, courses and any other opportunities available 
locally or abroad, to increase their knowledge and skill to a level accepted 
inlemationally. 

4. Dept. of ME-EFUI will assign the engineers involved in U1e project, lo support tJ1e 
activities of MTDDC-Indonesia. 

5. MTDDC-Indoncsia will give a full time assigrunenl to U1e assigned engineers of Ute 
Dept.of ME-EFUI to develop and expand the machine tool teclu1ologies in the 
Manufacturing Technology Laboratory - EFUI. 

Page 1 of 2 
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6. Dept. of ME-EFUI will provide .MTDDG-htdonesio wiUt n working ~-pace in Ute 
Mw1ufacturing Tedutok,gy Laboratory - EFUI. 

7. MTDDC-lndonesia will provide a working space and facilities for Ute engineers in 
Ute oflice of i\1TDDC-lndoncsia. 

This Memoramlum of un<lcrst:m<ling is effective on the date of signing and will be 
valid for Uiree years. Any changes will be acconunodated by the agreement of Ute two 
parties, witlt at least 30 days notice in advance. 

Signed in Jakarta on.,.i.January 1993 

.--:· ·"· 
'\ 

Dr.Ir.l\'l.Idrus Alhamh.I 
Head of Department 
Dept. of Mechanical Engineering 
Engine·ering Faculty 
University of Indonesia 

h·.Indra Putra MSc.PhD. 
National Project Director 
Machine Tool Design and 
Development Center - h1donesia 
(MTDDC-Indonesia) 
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AN~EX 3 

Memorandum of Understanding 

between 

The Machine Tool Design and Oe~elopment Centre 

Indonesia 

(MTOOC - Indonesia} 

and 

The Banske Projekty Ostrava- Czech Repcblic 

(BPO} 

for Collaboration in the production of Feasibility Studies 
(FS} for Indonesian Industries. 

The parties herebv agree to collaborate in the pro~uction 

of Feasibility Studies for Indonesian Industries or companies 

associated with MTODC-Indonesia on the basis of the following 
understandin9: 

1. That MTDOC-Indonesia will pro\ide BPO with its associate~ 
co~ocnie~ that nEed help in production of FS 

? That BPO w1Ll oro\ide appraising and any related activities 

for the production of FS to the companies ~n behalf of 
~·1 T 0 DC - I n don£ s i a . 

3. That BPO will c~arge an agreeable fee to MTDDC-Indone~ia 

rcqardinq servi:es oro\ided by BPO to the Companies. 

4. That BPO ~ill use member of staff of MTOOC-IndonEsia in 

carrving 01.t the ~ervices in the companies asscciated 
with MTOOC-Indonesia. 

5. That BPO will give assistance to the staff of MTDDC 

Indonesia in c;der to brjng up their level of qualificaiion 

in appraising and the production of feasibility study. 
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".; : '.' :- ~ :: : - '. :1 j c n es i a 1·: i 11 pr o 1. id e SP 0 w i th an o ff ice 

ci~Jcc i•1 '.1fJiJC-:n.conEsia·s cffice to support BPO acti

\ ~ties i'i the ~.:TJDC-Indonesia·s associat~d companies. 

'· That this ~emorandum of Un(erstandin£ should be followed 

~\ a joint operation contract at the time 

~TO~C-Indone~ia pro1.ides BPO with projects on appraisal 

ard production of FS for the associated companies of 
~-: TD 0 C - I n do n e s i a . 

8. fhat this Me~oran~um of Inderstanding is valid for onE 

vear fro~ the date of signing a~d may be renEwed by 

mutual corsert. It may be terminated by either party 

within ?O days written nctice. 

-~ iqned 
1 n Ost r ava on 20 Januar~ 1992~ ""'"""-----

Jiri Frantfk MSc. 
'lar';:iciinQ :Jirector 

·; 2 ri :; k ,_; o r o j ~ ~- t \ 0 :~ t r a " a 

Ir.Indra Putra MSc.Ptil 
Director 

Machine Tool Design and 

Development Certre-Indonesia 

:MTOOC-Indonesia) 

Jakarta, Indonesia 
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Minutes of Meeting 

Held by and between 

~ITDDC - Indonesia, 
Represented by Mr. Indra Putra, Director, 

and 

lnspekta, a.s., 
Represented by Mr. Jan Strnad, General Director 

in lnspel1a's Prague office on January 19 and 25, 1993 

Present: 

- For MTDOC - Indonesia (MTDOC): 
Mr_ Indra Putra 
Mr. Zdenek Sebela (Banske projekty Ostrava) 

- For lnspekta. a.s. (IP): 
Mr. Jan Strnad 
Mr_ Karel Zitko 
Mr. Jin Zemlicka 

ANNEX 4 

MTDDC on behalf of Sucofindo (the Indonesian government owned superintending company) 
informed IP that Sucofindo is seriously interested in co-operation in various fields of superintend
ing, quality management, commercial consulting and trading_ 

The main target of interest is assistance by IP staff in establishing the Quality Assurance Services 
1 ISO 9000) in Indonesia, i.e. assistance in the necessity of explanation of ISO 9000 purposes and 
targets. assistance in quality management services promotion, training of Sucofindo personnel, 
performing training for Indonesian manufacturers and preparation for official audits of an 
accredited certification body. 

MTDDC recommended that IP take part in the UNIDO quality management activities in Indonesia 
using this opportunity to present itself there. IP is ready to delegate its representative to undenake 
this task for a period of two weeks under stipulated conditions. 

IP found this opportunity to be interesting. The co-operation in the field of superintending activities 
(pre-shipment inspection of Czech and Indonesian goods in the mutual trade exchange as well as in 
third pany activities, assistance to the technical acceptance procedure of imported goods according 
to the relevant national standards and prescriptions etc.) and in the field of commercial services 
<market research, feasibility studies, promotional activities for goods and services, trading etc.) can 
start practically immediately. It would be useful for this purpose, that MTDDC/Sucofindo specify 
the form of this co-operation in more detail. 

Reported by Karel Zitko 
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ANNEX 5 

MEMORANDUM OF UNDERSTANDING. 
between 

INSPEKTA PRAGUE a.s. 
and 

MTDDC-INDONESIA 

Jakarta, 9 April 1993 

The parties hereby agree to collaborate on providing technology. and quality 
services to Indonesian Industry on bases of the following understanding : 

1. OBJECTIVE 

To transfer the technology and experties available in Czech Republic to 
Indonesian Industry. 

2. SCOPE OF ACTIVITIES 

To participate in the development of the Indonesian Industry, especially in 
the areas which are still not being well developed. Thus, a confirmation 
on the scope of activities was based on the requirements of the Industry, 
and the immediate services that could be provided by both parties as 
followings : 

1- machineries inspection 
2- quality services (IS0-9000) 
3- economic services, 

These will be supported by the experts available in Czech Republic. 

3. RESPONSIBILITIES 

In the cooperation between both parties, the responsibilities will be 
internally divided as follows : 

1- INSPEKTA will give technical support to MTDDC 
2- MTDDC will provide INSPEKTA with projects in Indonesia 
3- INSPEKTA will participate actively in the projects 
4- MTDDC will provide office space In MTDDC office 
5- MTDDC will provide INSPEKTA with legal matters required In 

conducting the business cooperation in Indonesia 
6- INSPEKTA will actively participate In engineering, technology 

and quality trainings In Indonesia 

1/2 

mtddc 
indonesia 
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4. CONDITIONS UPON REALIZATION 

A formal contract shall be signed by both parties upon the execution of 
projects. 

5. RIGHTS 

Both parties can make any business relationship with any other parties as 
long as it is not in the domain of the agreed common projects. 

6. VALIDITY 

This Memorandum of Understanding is valid for one year from the date of 
signing and may be renewed by mutual consent. It may be terminated by 
either party with 90 days written notice. 

Signed in Jakarta, on 9 April 1993 

Petr ZEMLICKA MSc. 
on behalf of 

Jan STRNAD MSc. 
General Director 
INSPEKTA PRAGUE a.s 
Prague, Czech Republic. 

212 

Ir.Indra P. Almanar MSc.PhD. 
Director 
Machine T col Oesigi & Development 

~e - Indonesia 

MTDDC-lndonesia 
Jakarta, Indonesia 

mtddc 
indonesia 
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CO~TE~TS 

Technical Documents of the MTDDC and UNllXl'POL YTECHNA Field Team Co-operation 

I_ METAL CUTTING TECHNOLOGY DATA BASE 
(Automatized system for muhiprofessional operations composition) 
LI Manual. User·s Guide_ 
I_~ Manual. Programmer·s Guide_ 
1.3 Cost Calculation. Instruction for lnstaillation_ 
I A Automatized System for the Calculation of Cutting Conditions. 

'l THE UNIVERSITY OF INDONESIA - MTDDC JAKARTA - SHORT COURSE 
PROCEEDING 

~-· Production Planning 
'l .., Manufacturing Automation and Robotics 
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• 
Automatized syste• for aultiprofessional 

operations composition 

on IBM AT type personal coaputers 

MANUAL 

( User's guide ) 

VER 5.0 (C) 
VUOSO Ltd. 
Czech Republic 
Prague 1993 
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7.4 
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Introduction 

Min. hardware confiquration 

Software package installation 
Basic ir.formation for user 
Process chart 

User's ~odules of system 

Correction module 

Correction of the basic data 

Processing sequence correction 

Correction of the text for operations 

Correction of the time f ixinq for 
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8. t!ew module 
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The co~plete documentation of product is included in this 

SW system as an example of process charts implementation. 
The documentation consists of following items: 
assembly drawing 

sketch of details 

parts list of product 

print of proc~ss charts 
list of material 

print of product calculation 
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1. INTRODUCTION. 

The autoaatized software system for the coaposition of 

production procedures is operated as a dialogue system by 

means of a choice of orders from the display. The user is 

not obliged to know the computer system and the bases of 

pro9ra-ing. 

This system is aeant for the elaboration of multiprofessi -

onal production procedures (process charts) and competent 

technological documentation in various types of enterprises 

with the conditions of the production of piece and medium 

production. The system would help you to introduce the_group 

technology and classification of the details. The system 

facilitates and accelerates a work planning. At last but not 

at least the system can provide the documentation of the 

quality control system according to the standard 9000. 

The system provides: 

- automatized work of the system with a machine and material 

databases ("on line work") 

- automatized work of the system with two vocabularies for 

text and tools of operations ("teach in") 

- the changes and repairs of already finished process charts 

- the determination of the weight and price of material 

- the printing the technological documentation 

- calculation of the total time of consumption and wages 

standards and total price of detail or product 

- the perfect and safe archivation of techn~logical 

documentation 

- the automatized work of the system with parts list of 

products and with orders 

- 1 -
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The systeD contains dialoque programmers for the service 
("off line work"): 

- of material database 

- of machine database 

- of parts list 

- of custoDers'orders 

Durinq the activity of the systea every step of the user is 

automatically checked with the material and machine 
databases. 

2. MIN. HARDWARE CONFIGURATION. 

You can install the system on arbitrary kind of personal 

computer IBM type 286, 386, 486 with following requirements: 
Numeric processor: 

Floppy Drive: 

Display Type: 

Base Memory Size: 

Hard disk 

Parallel port: 

need not 

either 1.2 MB 

or l.44MB 

monochrome, colour 

( hercules, VGA, EGA etc.) 

640 KB min without resident portions 
10 MB min. free 

1, LPTl 

for printer of size 80 characters 

3. SOFTWARE PACKAGE INSTALLATION. 

The software package is saved on two floppy diskettes. They 

are named as " Automatized software system " 

" TECHNO " " No. 1 " and " No. 2 " 

- 2 -
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on their labels. The floppy No. 1 contains installation 
program for customer setup by name: INSTALL 

Install the software package on your computer in the 
following way: 

- secure about 10 MB free memory on your hard disk 

- se~up hard disk on primary level where you want to install 

the software package {for exam. C: or D:) 

- insert the floppy diskette No.1 to drive {A: or B:) 
- enter message: 

A:\INSTALL or B:\INSTALL 

- answer on dialogue-question by comput~r step by step: 

PASSWORD (6 characters) ? where 
Last but one character is LOG DISK DRIVE 
last character is 

LOG FLOPPY DRIVE 

xxxx~x~~~~~~~~~~~~~ 

---- = password { correct name is on label 

of install floppy No. l 

NAME of factory for sign on the papers (18 characters) ? 
enter name of factory which will be printed 

on page heading of technological docureentation 

NUMBER of the basic machine shop (4 digit) ? 

enter nu~ber of current machine shop or keep it free 

PASSWORD for parts list, orders, databases(6 characters) ? 
PASSWORD for time fixing (6 characters) ? 

enter the safety sign for requirement activities or keep 

it free (in this case the safety sign is six spaces ). 

- 3 -
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Will you be using the numeric code 

for classification of the details in archives ? 
enter l if you need it ( description of the numeric code 

see on page .1. ~ •• ) 
else o if you don't need it. 

After the correct installation the message: " The software 

system is installed on your computer " is displayed on the 

screen. 

4. BASIC INFORMATION FOR USER. 

> Start of the system is by input of the message: TECHNO 

After it you see a MAIN MENU on screen. You see also 

the main activities which you can use iJllJllediately. 

PROCESS CHART 

MENU 

DIALOG 

CORRECTION 
NEW 
CHART PRINTING 
ARCHIVES 
REMARKS ABOUT THE CHANGES 
BULIC PRINT 
DATA BANK 
PARTS LIST 
ORDERS 
E X I T 

move bar: ti select: Enter exit: Esc F7 = Help 
VER 5.0 (C) VUOSO Czech Republic, Prague 1993 

- 4 -
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>The manipulation of the system is very simple ~nd;coafort

table through the keys which are described in the bottom of 
each screen. 

> Three kinds of screens are available: 
\ 

1. for selection: 

Using arrow keys move the highlight Lar on necessary 
activity and press key 'Enter' 

2. for entry data: 

Enter require data through keybo~rd on competent line and 

press either 'Enter' for confirmation of it or 'Esc' for 
cancel of just entering data 

3. for information in detail or for help: 
Strike the function key 'F7' 

> The system has the working area containing one process 
chart. 

One process chart contains: 

up to 10 kinds of materials 

up to 40 operations 

up to 35 lines of text for one operation 

> After start or stop of tne system the last current chart 
is in working area. 

> The new description chart (also unfinished) or any 
correction chart has to be stored into archives. 

> When starting the selection of 1 NEW ' the working space 
is made free. ( The last contain of working area is lost if 

not stored into the memory for archives ). 

- 5 -
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> When storing the chart to the archives the data fro• 

working space are copied to the archives (The chart remains 

without changes in the working area ). You can make the next 

correction of it and store it under new name to archives. 

This is idea of quick creation of similar process charts. 

> By reading the chart from the archives the data are copied 

to the working area (The chart remains without changes in 

the archives). On the contrary you can read the typical 

process chart ( as model or type ) from archives and by 

small changes of it you compile a new process chart quickly. 

And this is idea of group technology of course. 

5 . PROCESS CHAR'!' 

The process chart is compiled of some portions of 

instructions.on the page heading there is sign of factory, 

introduction data including data of material. Further the 

sequence of operations are described usually. Each operation 

of sequence data of machine or equipment and description of 

work and tools is included. The other data are situated in 

the bottom of the process chart. The example of printing of 

process chart you can see on next page 7. 

6. USER'S MODULES OF SYSTEM. 

The software system is compiled of a separate modules and 

start each of them is trough main menu. The manipulation 

with each module is described further. 

- 6 -
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.==-------------
MTDDC-INDONESIA 

Parts list no.:125 
Drawing no.: 5222 
Drawing name: BAR 

PROCESS CHART Pages: 1 Page: 1 

Position: 1 
Version: 1 
Basic shop: 321 

1. Identif.material 
1321113730900 

Name 
STEEL BAR 

Quality SU Dimension SUprice SUweight 
11373.0 KG 425510 3 5.55 

SU number 
30HM "> 0.35 

Price-total-Weight 
1'. 94 

Op.No. Shop W.place W.place name 
1 5962 Saw 12 

Describe of operation: 
cut for lenqth 40 

Op.No. Shop 
2 

W.place 
4126 

Describe of operation: 

W.place name 
S 35-18R 

turning ~55 on the lenqth 40 
drilling ~12 to the depth 16.5 
cut off on the length of 36 

CL BATHDin MACHllin 
1 o. 0 

Tools: 

CL BATHmin MACHmin 

Tools: 

drill <t-12 

------~-------------~--- -~- --------------------------------------
Op.No. Shop 

3 
W.place 

5514 
Describe of operation: 

W.place name 
BSs 

grinding 35j6 on the length of 36 

Op.No. Shop W.place W.place name 
4 9311 MECH.W. 

Describe of operation: 
smooth the edges 

Date: 23. 8.93 Prepared by: JOHN 

CL 

CL 

BATHmin MACHmin 

Tools: 
abrasiv wheel 
~160 

BATHmin MACHDlin 

Tools: 
flat file 

Approwed by: BENER 

- 7 -
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7. CORRECTION module 

Correct the process chart step by step according to 

" correction menu "· You compile new process charts or you 

correct current charts either individually or according to 
\ 

parts list of product. The parts list is described in the 

paragraph 12. ( Parts list service ) • You usually correct the 

introduction data of the process chart first at all. 

PROCESS CHART 

CORRECTION 

DIALOG I 

BASIC DATA 
PROCESSING SEQUENCE 
TEXT 
TEXT & TIME FIXING 
E X I T 

move bar: f~ select: Enter exit: Esc 
VER 5.0 (C) VUOSO Czech Republic, Prague 1993 

F7 = Help 

> The parts list number will be looked for in the total list 
of the parts list. If the required parts list would not be 

in the memory a message will be displayed. 

- 8 -
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> To print the total list of the parts list on screen press 

key '?' and you can immediately choose interactively the 

number using ARROW keys. 

> The drawing number also will be looked for in the parts 

list. 
' 

> By pressing key 'Fl' the parts list number and drawing 

number will not be checked-up. You can write in this case 

the arbitrary ones. 

> If the parts list nWlber and drawing number have been 

checked by the system you are not allowed to change these 

items. Enter other basic data. 

> When you enter data of material only, according to the 

parts list, you must write the character ''' on the 

drawing's name line on the first position. 

> Date line: For a new process chart a coaputer date is 

generated. For correction of the process chart current date 

is defaulted. In the both cases you can change it. 

7.1.1 Material data correction. 

> You can write arbitrary data or you may use key 'Fl' and 

interactively find correct material and move it to the 

screen by pressing 'Enter'. 

> Data of the material, which you want delete, you must mark 

on the line of the material number in the first position a 

a character '-' 

> Every material is checked through database of the mater

ial. Unknown material is marked on the line of material's 

name on the last position with character '?' 
> When the line of the specific unit price or specific unit 

weight is empty, the system will ask for total price or 

total weight of the current ~aterial. Write other data in. 

the correct forD or you let unfilled them. 

- 9 -
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PROCESS CHART DIALOG 

PROCESS.SEQUENCE - correction 
Op.No. W.place Shop. Naae 

1 5962 Saw 12 
2 4126 S 35-lSR 
3 5514 BSs 
4 9311 MECH.W. 

Remark 
f raae saw 

FOR DRAWING No: 
5222 

centre lathe 
int.cyl.grind.aachine d.120 
saoothinq 

F~=machine base FS=text a.time fixing correct. F6=text correction 
Ctrl+Z=delete line ctrl+U=new line ?=teach in F8=print on screen 
Enter = select Esc = cancel Page Down,Up = shift pages F7 = help 

> No.operation = is generated after finish of the 

correction 

> Workplace No. = is workplace number, where second and 

third digits define the kind of device 

> Workplace name = is name of the kind of device 

> Note - is description of the workplace in the 

machine database 

> You write up to 40 operation in the one process chart 

> Page shift by keys 'Page Down' a 'Page Up' 

> You needn't delete the free lines with the marked mask 

> Data about the operations you can write manually or inter

actively by key 'F4'. You must write kind of the device to 

the column of the Wjrkplace No. starting from second 

- 10 -
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position ( for example: 41 -= centre lathe) before the key 

'F4'is used. If you don't know workplace No.,write character 
1 ? 1 in the first position of that colllllln. Then you inter

ac~ively select the desirable kind of the workplace. Then 

using key 'Enter' write workplace No. to the current line 

immediately. 

> You can change the sequence of operations by pressing the 

keys 'Ctrl + Z' and 'Ctrl + U'. By pressing the key 'Ctrl+Z' 

you delete current line. Shift the highlight bar to other 

line and press key 'Ctrl + U'. The deleted line will be 

written to the new position. 

> For every operation when you move bar, you can write the 

text of the operation by pressing key 'F6' or text and time 

fixing by key 'FS'. 

> You may print the current state of the process chart by 

pressing the key 'FB'. 

> You can enter up to 35 lines of the text for one . opera-
' tion. 

>Shift pages by pressing the keys 'Page Down'and 'Page Up'. 

> Switch cursor from left to right window and back by 

pressing the key 'Tab'. 

> Special characters: - = ~. ' = 9 "' = ../ 
> The free lines are also as text. The length of the text is 

defined by length of the window. 

> You can change the lines of the text by pressing the keys 

'Ctrl + Z' and 'Ctrl + U'. By pressing the key 'Ctrl + Z'you 

delete current line. Shift the highlight bar to other line 

and press key 'Ctrl + U'. The deleted line will be written 

on the new position. 

- 11 -
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> Exit of entry or correction is either by pressing the key 

'Enter' to the next operation or by pressing the key 

'Ctrl+PageUp' to previous operation ( it is •listing in the 
text of operations" ). 

> You aay print the current state of the 
pressing the key 'F8'. 

TEXT - correction 
OP.No Work.No. Shop 

2 4126 

TEXT 

PROCESS CHART 

Name 
S JS-18R 

turning cf>55 on the length 40 
drilling cf>l2 to the depth 16.5 
cut off on the length of 36 

DIALOG 

process chart by 
' 

FOR DRAWING No: 
5222 

TOOLS 

drill q,12 

special characters: A = J - = ' = cf> FS=print on screen 
Tab=text - tools, @ 
Ctrl+Z=delete line, 
Move cursor: T~<> 

@=text search, F9=delete - FlO=input text to vocabular 
Ctrl+U=new line, Insert=switch, Delete=delete characte 

Select: Enter,(Ctrl+PageUp = T) Esc =cancel F7 = hel 

"Teach in" vocabulary: 

> You can use "teach in" vocabulary for easier writing text 
of the operation. One vocabular:• is available for each 
window. 

> The line of text will be written into vocabulary: 

Move cursor on the line and ~ressing the key 'FlO'. 
> For selection of the text fro• the vocabulary you can use 
three different ways, see bellow: 

- 12 -

FINAi. R•:PORl', VOLUME II, Page 17 



TURNING (example of the text) 

- TURNING @ 

The character '@' written over •space" 

- you will find all lines of the vocabulary 

- TUR@ING 

The character '@' written over •character• 

- @URN@NG 

- you will find the lines of the voca~ulary, 

which contains the marked character 

( for example 'N' ) 

The two characters '@' .• '@'written over the text 

- you will find the lines of the vocabulary, 

which contains string closed between that 

characters ( for example 'TURN' ) 

> The use of a vocabulary is following: 

Write the character '@' if you need it (see table mentioned 

before ). Move the cursor where you will write a chosen 

text from the vocabulary. Switch exchange or insert mode and 

press 'Enter'. After the choice of the necessary line you 

press 'Enter' and this line will be copied to the text on 

the position of the cursor. 

> To delete the line of the text from the vocabulary: 

Rewrite space with a character '@'. Move cursor to the first 

position of the free line and press th~ key 'Enter'.Move 

cursor to the line of the vocabulary which you can delete 

and press the key 'Enter'. The line of the text will be 

written on the screen and this line will be deleted from the 

vocabulary by pressing the key 'F9'. 

- 13 -
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PROCESS CHART DIALOG 

TEXT a.TIME fixing-correction 
OP.No Work.No. Shop Name FOR DRAWING No: 

5222 2 4126 S 35-lBR 

TEXT 'l'OOLS 
turning ct>55 on the length 4C 
drilling ct>l2 to the depth 16.5 
cut off on the length of 36 

drill ct>l2 

RATE 
1 

MACHIN min 
25 

BATCH min 
45 

Hours 
1.16 

Price(Rp.) 
1100 

F2 = text Tl RATE A = j = • ' = ct> FS=print on screen 
Tab=text * tools, @ @=text search, F9=delete - FlO=input text to vocabular: 
Ctrl+Z=delete line, Ctrl+U=new line, Insert=switch, Delete=delete characte: 
Move cursor: fl<> Select: Enter,(Ctrl+Pa9eUp = T) Esc = cancel F7 = hel1 

> The programmed interlock is the password of payroll for 
access of entry or correction of the time fixing. Write 6 
char. which have been defined by installation of the system 

> 'F2' switch cursor from window of text to windows of 
time fixing and back 

> 'Tab' move cursor between windows of time fixing 
> Remember following: 

- RATE = it is step of time fixing 
* number of steps, their signs and values(Rp./hour) 

are stored in file name TARIF 
* The changes of that data are possible always by 

computer editor 

- 14 -
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* •ax. nWlber of steps: = 9 

* wrong sign of rate is not allowed 

- MACHIN min = time of aachining (•inutes) 
- BATCH •in = batch time {preparatory) (minutes) 

> Data, you see bellow are calculated: 

- Hours = total time per operation 

[ (MACHIN + BATCH) / 60 ] (hour) 

- Price(Rp.) =it is price per operation (Rp.) 

[ Hours * value(Rp./hour) ] 

> The contain of file TARIF you see bellow: 

------------------------------------------------------------
5 <- number of rate (MAX. 9 only) 

1 <- 1.rate (sign of rate) 
2 <- 2. 

3 <- 3. 

4 <- 4. 

5 <- 5. 
1000 I.rate table of rate fixing 
2500 2.rate Rp./hour 
5500 J.rate 

11000 4.rate 
16000 5.rate 

data comment 
----1 , ______________ _ 

I ,_ 
The changes of those data values are possible 

always carefully by computer editor 

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

- 15 -
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a. NEW module. 

This module contains all functions as module CORRECTION. The 

line of scre~ns, where you enter data, are fre~ in this 

case. You fill up these lines step by step. 

9. CHART PRINTING module. 

The process chart, which is stored in the working area, will 

be printed on screen or on printer immediately. The repeated 

print is available. 

10. ARCHIVES module. 

PROCESS CHART 

ARCHIVES 

DRAW.No: 5222 VER: 1 

DIALOG 

WRITING CHART 
READING CHART 
CANCEL OF CHART 
PRINT ARCHIVES-LIST 
E X I T 

move bar: f~ select: Enter exit: Esc 
VER 5.0 (C) VUOSO Czech Republic, Prague 1993 
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> The capacity of the archives is up to 20000 process charts 

> The system automatically stores the process chart to the 

subdirectory of name A and W. You can execute the copy from 

one subdirectory to other after serious break-down of your 

computer. 

> The archives make possible: 

- Recording of the process chart from memory to the 

archives. 

- Reading of the process chart from the archives to the 

memory for next corrections. 

- Deleting the useless process chart from archives. 

- Print the list of the archives on the screen or on the 

printer. 

> The state of the process chart: 

It is a code defining the current state of the process chart 

in the list of archives. The meaning of that is following: 

"space" is a full process chart 

"#" is a standard process chart, representing different 

types of charts inside the group technology. 

"3" basic data are complete only 

"2" the sequence of the operations are complete only 
11 1 11 the text.s of the operations are complete only 

> The creation of tpe numeric code: 

You can look for the process charts in the archives 

according to numeric code of the items. This is way,how you 

find the similar details according to the geometric and 

technological shape more precisely than by its name. If you 

don't know this numeric code, write character 1 ? 1 on the 

first position. The system defines it interactively before 

- 17 -
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the finished chart is stored in archives. 

- The design code is 6-digits numeric code. It describes the 

detail according to the geometric shape. The meaning of 

that is following: 

* 1. = type ( rotary, unrotary ) 

( completely manufactured, drawing of the 

parts, weldment etc.) 

* 2,3,4. =the principal dimensions 

* 5,6. =function, basic name (pin, shaft, holder etc.) 

The technologic code is 6-digits numeric code. It 

describes the detail according to the technologic 

processing. This code is useless for items, which are not 

completely manufactured. The meaning of that is following: 

* 1. = type of the material 

( heat treatment ) 

( bar, cuttings, casting, pyrites etc.) 

rotary details: 

* 2. = shape and precision of the outside surf ace 

* 3. = shape and precision of the inside surface 

* 4. = The threads .in rotary axis 

* 5. = the holes and flat elements not in rotary 

* 6. = toothing, splining etc. 

unrotary details: 

* 2. = flat surfaces 

* 3. = function holes ( for precise bearing ) 

* 4. =free holes (for screw etc.) 

* 5. = rotary surfaces 

* 6. = toothing, splining, grooves etc. 

axis 

The graphic representation of these numeric codes is on next 

pages. 
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design code table 
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FUNCTION ( 5+6 char. } 
r-etary itea 
1 PIN 
2 SHAFT 
3 SPEC.SHAFT 
4 GEAR BAR 
5 COVER 
6 FLANGE 
7 GEAR WHEEL 

unrotary ite11 
1 CUBE, PnISM 
2 RAIL, SLIDEWAY 
3 BOX 
4 BLANK CUTT, SHEET 
5 FLAME CUTT. 
6 CASTING 
1 WELDMENT 
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11. REMARKS ABOUT THE CHANGES module. 

PROCESS CHART DIALOG 

' REMARKS ABOUT THE CHANGES 

for Draw.No5222 : 

date: 06.09.93 

prepared by: ••• , executed by: ••.•• RAFAEL RONY 

chanqe: for information only 

1 = cancel of whole remark ctrl+Z = delete line 
nter = end of re•ark ESC = exit 
ER 5.0 (C) VUOSO Czech Republic, Prague 1993 

move cursor: tl<> 
F7 = help 

Using this module you can describe in notes the changes of 

process chart: during production of detail. The remark 

without text or name of author isn't accepted. Computer date 

is gener~ted for a new remark. Current date is defaulted for 

correctioh of the remark. You can change it in both cases. 

Review of the·· remarks about the changes is available. Print 

of these remarks is through PRINTING module. 

Entry of the remark about the changes is not so necessary. 

You can substitute it by the other way: Correct the process 

chart how you intend and store the chart to archives under 
other version. 
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12. PARTS LIST aodule. 

I PROCESS CHART 

PARTS LIST SERVICE 

DIALOG 

ENTRY 
DELETE 
REVIEW 
HANDLING 
E X I T 

move bar: Tl select: Enter exit: Esc 
VER 5.0 (C) VUOSO Czech Republic, Prague 1993 

I ' 

F7 = Help 

The parts list is the list of all details and materials for 

production of product. This software system makes possible 

to compile the process charts just according to parts list. 

The parts list usually contains several subparts lists,which 

are build up as " tree structure "· You must compile main 
parts list of final product from 11 down to up "· The meaning 

of that is following: 

> Enter parts lists of individual smaller partial details of 

final product first at all. 

> These parts lists are storPd in system on the same level. 

> The bigger ~arts list are compiled step by step from 
already finished parts lists as ~ subparts list n 

- 23 -

f"l~AL REPORT, VOLUME II, Pag~ 18 



> Any parts list can be stored to the next parts lists. 
> Figure of coapiling of parts list: 

AJ A2 Al A B2 Bl 

~ 

' A--Al--A2--AJ 
I I 

A2---1 B--Br---o 
0--01 s2 

B 

I 

C Dl D E 

> This JIOdule serves for handling of parts list from aemory 

to floppy and on the contrary as well. 

Parts list nWlber entry: 

> For viewing the total list of the parts list on screen 

press 1 ? 1 After this you can choose the parts list nwnber 
interactively using ARROW keys. 

> The parts list number is being looked for in the total 

list cf the parts list. If the required parts list isn't in 

the memory, enter a new parts list. If it is there, it is 
viewed and you can correct current parts list. 

Data entry of the first item of the parts list: 

> Fill up the file name of the parts list. This file must 
not contain a character "space" 

> Other data you can either enter arbitrary or keep it free 

Rewriting of the record: 
> See the current record of the parts list on the screen.You 

scan step by step, rewrite and cancel this record.· 
> For confirmation of the entry and crossing to the next 

page press "Paqe Down" 
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> Parts list positions are automatically renumbered after, 
the correction is over. 

Entry of subparts list: 

> Enter all subparts list in the current parts list. 
' 

> If the required subparts list is not in the aeaory a 

aessaqe is displayed and you aust enter it aanually. 

> The numbers of pieces of the subparts list are multiplied 

by nUJlber of pieces of current parts list. 

> Remember following: 

- Enter the line of nUllber of pieces usinq integer; 
- Don't keep free drawing No. line 

When you enter the material contained in the parts list, 

you must write the character n ! " on the first position 
- Other data you can enter arbitrary. 

13. ORDERS module. 

This module serves for entry of orders to the software 
system. Each order contains Order number, order name and 
number of pieces in order. 

Order number entry: 

> For viewinq the list of the orders on screen press '?' 
After this you can choose the order number interactively 
using ARROW keys. 

> The order number is being looked for in the list of orders 
If the required order number isn't in the memory, enter a 

new order. If it is there, current order is viewed. 
> You can correct this order in both cases. 
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PROCESS CHART DIALOG 

ORDERS 

enter: 

Order No. : -------------------- A123 

Order NAME : ---------(-1= exit)- BOLO 

Parts list No. ---------( ?= help)- Bl 

Parts list NAME: -------------------- ENGINE 

NUlllber Of pieces in order: ---------- 5 

elete line: 
nd: 

Ctrl+Z Delete parts list: Fl 
Enter cancel: Esc F7 = help 

ER 5.0 (C) VUOSO Czech Republic, Praque 1993 

Data entry of the order: 

> The order contains arbitrary nUlllber of final products 

> Every final product of current order could be destined to 

different customers. In this case you can address_it on the 
line of the "order name". 

> The final product is defined with parts list number. Enter 

this number either manually or looking for it in total list 

of parts list interactively by pressing '?' 

> You correct, change and cancel the data of order till any 

documentation about it is printed. 

> You must review all valid data dealing with order and 

finish using character '-1' 

- 26 -

FINAi., REPORT, VOLUMt~ II, Page 31 



14. DATA BANK module. 

I PROCESS CHART DIALOG I 

DATABASES MATERIAL 

MACHINE & EQUIPMENT 

E X I T 

scanning or corection 
of MATERIAL and MACHINE databases 

move bar: fl select: Enter exit: Esc F7 = Help 
VER 5.0 (C) VUOSO Czech Republic, Prague 1993 

The system provides automatized work of the system with a 
machine and material databases (" on line work"). This 

module serves for fulfillment, correction and copying of 

databases in working mode " off line " 

Material database: 

> The current record of this database contains: 

- identification 13 characters 

- quality 8 -"-
- dimension 9 -"-
- physical unit 2 -"-
- price for unit 10 -"-
- specific weight 9 -"-
- name 25 -"-
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> Select the information of material either for whole 

database or according to required identification, quality, 

dimension and name of material respectively. 

Machine database: 

> The current record of this database contains: 
- working place No. 6 characters 
- sign of machine shop 4 -"-- sign of working place 15 -"-- remark 35 -"-- additional notes 10 x 35 char. 

> Select the records of machine either for whole database or 

according to required working place No., working place name 
and machine shop respectively. 

15. BULK PRINT module. 

This module makes possible to print the whole technological 

documentation of one parts list. You can print either the 

entire process charts or list of material or calculation of 
product 

Before printing: 

> Store all process chart of parts list in archives. 

> Enter any order, which contains requirement parts list 
trough the " order module " 
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: ====~======~c=::~===-----===~==-==-===-===-=-=-===z:=====~===-==--===---~-------
MTDOC-INDONESIA PROCESS CHART Pages: 3 Page: 1 
-----------------------------------------------------------------------
Order No.: 1 
Parts list No.:A 

Order name: BORNEO 
P.list name:HOLDER 

Order-pc: 
Position: 

5 
0 

-----------------------------------------------------------------------Drawing no. : A 
Drawing name: HOLDER 

No.of pieces: 1 Version: 1 
Basic shop: 

1- Identif.material 

Name 

Op .J.'o. Shop W.place 
l 9211 

Describe of operation: 
weld pin to plate twice 

= 
Op.No. Shop w.place 

2 9311 
Describe of operation: 
file smoothly 
colour twice 

Quality 

w.place name 
WELDING 

W.place name 
MECH.W. 

SU Dimension SUprice suweight 

? 
su number Price-total-Weight 

0.00 

Rate BATHmin MACHlllinute 

Tools: 

Rate BATHmin MACHminute 

Tools: 

red paint 

---------------------------------------------------------------------te: 16.09.93 Prepared by: Approved by: 
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MTDDC-INDONESIA PROCESS CHART Pages: 3 Page: 2 
-----------------------------------------------------------------------
Order No.: 1 
Parts list No.:A 

O~der name: BORNEO 
P.list name:HOLDER 

Order-pc: 
Position: 

5 
1 

-----------------------------------------------------------------------
Drawing no.: Al No.of pieces: 1 Version: l 

Basic shop: Drawing name: ANGLE PLATE 

1. Identif .material 
1371613006300 

Name 

Quality 
11300.2 

SHEET black 1ooox2ooox1 
-- ======= c r: =-

Op.No. Shop W.place W.place name 
l 8113 Hal 

Describe of operation: 
shear by drawing chart 15x72 

SU 
m2 

Dimension 
425301 
so number 
0.2 

soprice soweiqht 
95000 2.85 

Price-total-Weight 
19000 0.57 

Rate BATHmin MACHminute 

Tools: 

===-==='= -------
Op.No. Shop W.place W.place name 

2 4613 DR05a 
Describe of operation: 
drill ~4 twice dist. 16 

Op.No. Shop W.place W.place name 
3 9311 MECH.W. 

Describe of operation: 
smooth the edges 
bend size 30 to 90• 

Rate BATHmin MACHminute 

Tools: 

Rate BATHmin MACHminute 

Tools: 

----------------------------------------------------------------------
ate: 16.09.93 Prepared by: Approved by: 
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=:=========-----=-=====--~========----========:::..===========-============== MTDDC-INDONESIA 
PROCESS CHART Pages: 3 Page: 3 -----------------------------------------------------------------------Order No.: 1 

Parts list No.:A Order name: BORNEO 
P.list name:HOLDER Order-pc: 

Position: -----------------------------------------------------------------------Drawing no. : 
Drawing name: 

A2 
PIN No.of pieces: 

5 
2 

2 Version: 1 

1. Identif.material 
1551115230800 

Basic shop: 
' -=- ~=-=====-=-===-==-=============~--~------~------== Quality 

11523.0 
SU 

M 
Dimension 

426510 Name 
ST.CIRC.DRAWN BAR 

====-------~ ....... - 8Hll 

Op.No. Shop W.place W.place name 
1 4126 S 35-lBR 

Describe of operation: 
turning ~6 on the length 33 
step ¢4 length 4 
cut off on length 28 

SU number 
0.05 

SUprice SUweight 
4000 0.395 

Price-total-Weight 
200 0.01 

Rate BATHmin MACHminute 

Tools: 

----------------- --------------------------------·~-----------------e: 16.09.93 Prepared by: 
Approved by: 
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MTDOC-INOONESIA LIST OF MATERIAL Pages: 1 Page: 1 

Order No.: 1 
Parts list No.:A 
-----------------------------------------------------------------------------

Mater.ident. Material name 

Order name: BORNEO 
Parts list name: HOLDER 

No.of pc: 5 

-----------------------------------------------------------------------------
Drawing No. Dimension SU We5.ght Price 

A .60* 500* 1371613006300 SHEET black 100 Al 425301 m2 2.85 ' 95000 1551115230800 ST.CIRC.DRAWN B A2 426510 M .20 :::ooo A321445 ELECTRODE A4 0=3.5 PC 8.00 8000 C12380 PAINT (red) A3 KG 3.15 15500 

TOT AL for 1 piece of product: 2.~6 12100 

= weight or price is approximate values only 

---------------------------------------------------------------------------te : o 9 . 2 B • 9 3 
Prepared by: JAURA 
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% ===============c==============::----~~- ==-=:•s==============-----mm==:.-ss:i:::==..::====== 
MTDDC-INOONESIA PRODUCT CALCULATION Pages: \ Page: 1 

-----------------------------------------------------------------------------Order No.: 1 
Parts list No.:A 
===========-----
Mater.ident. Material name 

'S 

Order name: 
Parts list 

s:=:e 

Drawing No. 

BORNEO No.of pc: 5 
name: H:>LDER 

= =zrz 

Dimension SU Weight Price 

-----------------------------------------------------------------------------
1371613006300 
1551115230800 
A321445 
Cl2380 

A 
SHEET bl~ck 100 Al 
ST.CIRC.DRAWN B A2 
ELECTRODE A4 
PAINT (red) AJ 

Calculation for 1 piece of product: 

425301 
426510 
0=3.5 

Approximate gross weight: kq 

Price of material 

Rate fixinq(hours): • oo Piece rate: Rp . 

m2 
M 

PC 
KG 

A p p r o x i m a t e t o t a l p r i c e 

.60* soo: 
2.85 \ 95000 

.20 200Ci 
8.00 8000 
3.15 15500 

3. 

Rp. 12100 

Rp. 12100 

----------------------~------·----------------------------------------------te: 09.28.93 Prepared by: JOUKA 
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1. INTRODUCTION. 

The software package is saved on two floppy diskettes. They 
are named as " Automatized software system 11 

11 TECHNO No. 1 n 

" TECHNO No. 2 " 

on their labels. The customer setup is described in the 

user's guide book ( page 2, paragraph 3. "software package 
installation" ). 

2. TREE STRUCTURE OF FLOPPY DISKETTES. 

tree: contains of directories: 

No. 1: 

A: (root) 
j __ WFUNIV 

No. 2: 

A: (root) 

l __ WFUNIV 

l 
i_A 

!_K 
i_M 

1_w 

--> installation program 

--> 1. part of program modules 

--> source programs, debugging tools 

source routines, text data 

--> 2. part of program modules 
program data 

--> archives files 
--> parts list files 
--> working plar.e 

--> security subdirectory of archives 

- 1 -

files 
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3. TREE STRUCTURE OF HARD DISK after the installation 
of system. 

tree: 

A: 

l __ WFUNIV 

I 
l_A 

1-K 
i_M 
1_w 

contains of directories: 

--> source programs 
source routines, text data 

--> program modules 

program data 

--> archives files (it is equal) 

--> parts list files 

--> working place 

--> security subdirectory of archives 

4. TREE STRUCTURE AND LIST OF PROGRAMS MODULE. 

tree: 

TECHNO.EXE 

contains of modules: 

--> main module 

_KATMATA.EXE_ 

files_! 

EDICOVA.EXE--1 I 1--> basic data 

I 
I 

l_ARCHlVA.EXE I 

I _EDIC2VA.EXE 

EDIClVA.EXE--1 

I 
I 

j_EDIC3VA.EXE 

EDIC2VA.EXE----TOBRAZA.EXE 

I 
I 
I 
1-
1 

I 

I 
I 
I 
1--> sequence 

correct._! operations 

modules 
1--> text of 

I 
I 

I operation 

I 
EDIC3VA.EXE----TOBRAZA.EXE_I 1--> text & t.ime 

I fixing 

- 2 -
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tree: (continue) contains of modules: 

TlSTlVA.EXE --> chart 

printing 
_KZNAKA.EXE_ 1--> design code 

ARCHlVA.EXE--j_TZSOUA.EXE I- archiv- 1--> technological 
I l_TZFREA.EXE_I es I code 
I 
ZMENRIZA.EXE --> remarks about 

changes 

_KATMATA.EXE_ 1--> material base 
KATBASVA.EXE-l_PLNMATA.EXE I 1--> handling 
I l_KATSTRA.EXE I- data 1--> machine base 
I l_PLNSTRA.EXE_I bank 1--> handling 
I 
I _TISTMATA.EXE_ 1--> list of material 
TISKDOA.EXE-j_TISTKALA.EXE I- bulk 1--> calculation 
I l_TISTPOSA.EXE_I print 1--> process charts 
I 
KUSYA.EXE --> parts list 

ZAKAZKA.EXE --> orders 

Support programs name: contains of programs 
VYTEXA.£XE~~-~~--

VYTEXIA.EXE special 

VYTEXFA.EXE 1-----------> printing 
VYTEXRA.EXE I ~n screen 
VYTEXTA. EXE _______ , 

- 3 -
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Support routines name: 

DEKLA.FOR DICTE.FOR DICTO.FOR~ common 

DIZAO.FOR DIZAP.FOR FORMAT.FOR I-> fragments 

MENCIS.FOR MENEDO.FOR MENTIS.FOR_! of programs 

SUBRl.OBJ SUBR2.0BJ SUBR3.0BJ ---> object modules 

SUBR4.0BJ 

---> common variables 

---> system interface 

MENU.CMN 

SYSTEM.CMD 

CIS.ASM "assembler" routine 

CIS.OBJ -!---------------------------> for screen control 

5. DATA STRUCTURE. 

file contains: type: record structure: 
name: item: size: range: 
CRF special for date s 

DAT AT working, I 

texts of operation 

DAT AW workinq, s 
process chart 

FI SES list of s parts list No. 15 1-15 

parts list file name 5 19-23 

parts list narne 15 26-40 

XXY.Y.X parts list position No. 3 1- 3 

in subdir. \K s number of pieces 3 5- 7 

drawing name 15 9-23 

drawing No. 15 25-39 

remark 15 41-55 

- 4 -



file contains: type: record structure: 
name: 

KAZIMO.TXT classification 

LOGCIS 

MACHIN 

MATERl 

spec.informntion 

by installation 

machine base 

material bast:: 

TEXTY.TXT vocabularies 

NARADI.TXT "teach in" 

TAR IF 

#* 

table of rate 
fixing 

text fiies 

item: size: range: 

S change sign of machine 

carefully by computer editqr 

in " over mode " 

s 

S work.place No. 

machine shop 

sign of w.place 

remark 

6 

4 

15 

35 

1- 6 

10-13 

18-32 

34-68 

addit. notes 10 x 35 char. 

s identification 

quality 

dimension 

physical unit 

price for unit 

specific weight 
name 

13 

8 

9 

2 

6 

9 

5 

S text of operation 55 

s tools 17 

5 structure is 

described in file 

S texts for function 

keys F7 

- 5 -

1-13 

15-22 

24-32 

34-35 

37-42 

44-52 

54-78 
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6 . SOURCE PROGRAMS. 

The source programs are written by Microsoft Fortran language 

except source file name CIS.ASM,which is written by Microsoft 
Assembler. 

The all names of source programs are the same as the name of 

executive programs with extension *.FOR ( see page 2 + 3 , 

paragraph 4.). The source programs are stored on floppy No. 2 

7. CORRECTION, COMPILING and LINKAGE of programs modules. 

!f you need any correction of source programs at all, you 
must make the following: 

- copy all files from floppy diskette No. 3 to the same 

subdirectories as on the floppy diskette on your hard disk 

- copy files from floppy No. 2 under subdirectory MSF\LIB. 

- write to the "Autoexec.bat" statements: 

SET INCLUDE=C:\MSC\INC 

SET BIN=C:\MSC\BIN 

SET LIB=C:\MSC\LIB;C:\MSF\LIB 

PATH=C:\MSF;C:\MSF\LIB;C:\MSC;C:\MSC\BIN; 

- restart your computer. 

In any case we recommend to make correction, compiling and 

linkage of source programs by "batch" file ' 

The executable statement is following: 

ETV3 EDICOVA for example 

where 

ETVJ 

EDI COVA 
is name of batch file 

is name of source program 

- 6 -
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This competent statements are shown in next table: 

ESV4 ARCHlVA 

ESV4 EDICOVA 

ESV4 EDIClVA 

ETV EDIC2VA 

ESV2 EDICJVA 

ESV4 KATBASVA 

ETV4 KATMATA 

ETV4 KATSTRA 

ESV4 KUSYA 

ESV4 KZNAKA 

ESV4 PLNMATA 

ETV4 PLNSTRA 

ETVJ TECHNO 

ESV4 TISKDOA 

ESV3 TISTlVA 

ES TISTMATA 

ES TISTKALA 

ES TIST?OSA 

ESV TOBRAZA 

ETV3 TZFREA 

ETV3 TZSOUA 

ETV22 VYTEXA 

ETV22 VYTEXIA 

ETV22 VYTEXFA 

ETV22 VYTEXRA 

ETV22 VYTEXTA 

ESV4 ZAKAZKA 

ETV4 ZMENRIZA 

After successfully linkage of source program you must make 
packing of executing program by statement: 

PACK EDICOVA 

where EDICOVA is name of that ex.program 
( for example ) 

You don't forget copying correction programs ( source and 

executing ) on competent place on floppy diskette. 

- 7 -
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8. LAST INFORMATION. 

- Correct individual programs exceptionally only. 
Remember the whole software system is very complicated. 

The system is useless after any wrong correction .of 
programs ! ! 

- The user's guide book and this programmer's guide book are 
stored on floppy diskette No. 3 as "ascii" files. 

The name of th~se files is following: 

user's guide book MANUALl.GUI 
its title page MANUALl.TIT 

programmer's guide book MANUAL2.GUI 
its title page MANUAL2.TIT 

- 8 -
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cc:~T :>Lc·11.~. i'IC?l l.ER~ICN - IN'.l:'ff!Cl'ICN :=-on IN~:\LA1'ICH 

Ln the r~que ... t o~ the ~;:~ 0: . .; th~ prorram l!lOdule~ opP.rating over 

technolo!:ical -: ::ita ba""P. ( procP.s ... ch:Jrt anr! cut tifll~ con~i ti one) 
wP.~e enuip;-·e(~ with the poc;si!)ility o!' e!'!ti['.)ate ,..f the overall 
pro,:uctior. co~ts. 

The input C:ata o~ t!lis costs calculation are keyed in with the 

help o~ one special rnenu-~creen durill6 the operator-computer 

dialog:1e. ?or ucc-;Jge o~ the qyf'tem with this possibility, the 

new inst:illation di~ket~ mu~t be prepored.The~e ciiskets will 

~e prep·-.,...er'. ·'rnrr t:1e old or.es an·~ the ht!!lp rti~kets "cost cal
c:Jl:1tion". 

·!'.en µ:--P.:J:,rir.:· the in~to.;lation ,1i~kets f'ollow thi~ procedure: 

.~ .··.-,ve tht» ol.' inrt:..llation ·i~ketl'! •·or inc:tal:ition o~ the 

S/~ter: ·.·:i : .. :out en"t cqlcu~:~tion. 

J. --~or: t'.":e 'i '""Let "·.:;_ ·--: ~ ,i.,._. :; i.... •. ·.'l,. ~;" copy <>ub~i rectory ·.\'FUNIV, 

t·:e ·'ile .· .. .:;;::.~ •. ;~to t:•e nev. ::i ... ~~et :•:,c;m!C :io.l. 
~.-.. :·or t . .'~ ·i··~"'t ".: . .. ,. .; .i_;_ .. ;j, .• ~::~ ·~"copy "'UbdiY-ectory itFUNIV, 

t \.·. P ·'1' lnco -=·" ; 1 ·:" • L " .,. ' .. T "". ·.'"l.' .,. "HJl . . .., . ••, .. , .. ' •·-··'•--···J,t .. \u Lhew~~ •. ·•v. • to the n~w 

,. •. ·ro~ t".~ c'.i,..:- ct ",;\ ·::- .: .. ;_: ·.:...n.'1('~"' copy ~rorr. the 1"'00t ~irecto

r.'J t:w .. ile~ .:·. ·:~L.:.-,. ·i,: . . ; _ · .':\.'.·'";~,r ·.L':C.A.FCH,to t~e new ..;i 0 ket 

:· .. -..::::.c :.o •. :,t'.'.·etr-.~r ·.dth "ile :··c:!:JC.!·'C«. 
~;.:_ r~ t:1(' rif'·.-. i"'·~~t :·. :>:~.c '.;o.~ copy the Pile 1',,;nF ~rom ~uh

i:·1·rt.r.:"":· .:·«r:;'J/ into t~1e r·oot :~i~·r.ctory. 

::o-.\ :.:ou h·,\'" ; rn:;JrP~'. th1? new inst:11:1tion ,;i..,J.:ets.In the in~talation 

o~ J0Ur' ne.·; ";.'~terJ "'ollo·,., t~w in"t .lation p!"'ocedure c~i~cribed in 

-1-

r'INAI. REPORT, VOUJME II, Page ~o 



?~RT :ALCULATICN . • 1 F~ges: Page: -- - - ·---------------- -- - -·- ---- - -------- - ·----- -- - ·- -- -- - --------------------------------

·I ..... ......... C" 
:·:.:..:.- ·-'·.:" 

:.·-r:--c-. .., .. .._. ·-· ~ . 

Weiqht: 

S~Jpi-lCE 

;t·.) =' 

F°C•.;; l t i C• ,-, : 
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SUi.ieic;ht 
C" """~ ...: . _ _}_. 

l 
321 

SU number 
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100 
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Ir!.::· i .:.c-=-

l(J(; 
t:;ATHmiro 

.-. ,_,. 
M.;CHminLtte 

6 

=====~====~-=====~=~~=~=~========~=======~============================= 
PRIC[ 0f operation CRp.~: 10 

BATHmin MACHminute . ·--t ~ i :-1 100 6.5 20 
?RICE of ~peration tRp. >: 

===~====~~=====~~:=:==========~=====:=================================== 
BATHmin 

.! (l'~: 

MACHminute 
3Ci 
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_-:..:..... :..:.:-.:..;:- ·=--::·~ -":-::.: ·-=-=-=:-..==::-:"":.:.- .-: -:-=-=:-.:. ·:-=-::':'·:-:.-= ===-= -=..:=·-==-=-·-===.:::~:===-~:========:::=.:::==========-====~~========= 

' I - •• "- - ·-
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SOFTNORMA 

The automatized system of the calculation of 

conditions. 

cutting 

- This system is 

choice of orders 

to know the 

programming. 

controlled by dialogue, by means of the 

fro~n the display. The user is not obliged 

computer system or the knowledge of 

- The "Softnorma" system contains the software elaboration 

of the standard of cutting conditions for machining and 

replaces the conventional manual work of calculating the 

cutting conditions. 

- This software system according to the choice of the user 

automatically calculates the cutting conditions either for 

~aximum economy or maximum 

durability of the tool. 

productivity or defined 

- The system contains many checking of the calculation. 

- Results give are cutting conditions in an arbitrary number 

of turning and milling operations with the calculation of 

the machine time. 

- The system co-operates with an open machine-tools 

database. 

- The system brings higher pro~uctivity of the technological 

preparation of production. 

- l -

FINAL REPORT, VOLUME II, Page ~3 



HOW TO OPERATE THIS SYSTEM ? 

This software system is stored on floppy diskette. They is 

named as " SOFTNORMA n on their label. The floppy diskette 

contains installation program for customer setup by nam~: 
INSTALL. 

Install the software package on your computer in the 
following way: 

- secure about 2 MB free memory on your hard disk 

- setup hard disk on primary level where you want to install 
the software package ( for exam. C: or D: ) 

- insert the floppy diskette to drive ( A: or B: ) 
- enter message: 

A: I INSTALL or B: I INSTALL 
- answer on dialogue-question by computer step by step. 

After the correct installation the message: "The software 

system is installed on your computer " is displayed on the 
screen. 

Start of the software system is by input of the statement: 
SOFTNORM 

After it you see a " pull down menu " on screen. You see 

also the main activities which you can use immediately. 

Restart of system you make following ztatements: 

CD\ASOFT 

CD SOFTAl 
SOFTNORM 

- 2 -
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Remember following: 

- The line " Number of pieces in ration n you fill according 
to the num::>er of pieces in production batch. 

- The lin1~ "Set class of material (CSN)" you fill oode 

according to the basic ration of material following: 

code kind of material hardness kg/mm2 
11 - 13 structural steel, carbon steel 49 - 123 
14 blister steel 78 - 88 
15 - 17 alloy, stainless, high quality 54 - 143 
19 tool steel 45 - 103 
42 cast steel 50 - 105 

- This user's guide is stored on floppy diskette as n ascii " 

file. The name of this file is following: 

user's guide 

its title page 
MANUAL3.GUI 

MANUAL3.TIT 

- 3 -
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I IlITRODuCTICN re GPEfo\TlONS JWiAGEIEEN! 

:.r:t ~Rc:uctION PI.INNING 

~e~inition : C?EaATICN~ KANlGEMEXI IS THE YA?:AOEMEifT ~~TRANS
PCRl!t.l'IO!f SYSTF:~ i1UCn CC?lVE;l!'S INI':ITS INTC GCO~S A?::J SERVICES. 

Operations ?1as respon~ibility for five 11a~or decisiea"lS area : 

PROCESS 

C..\?ACI7Y 

PROCESS 
CAPACI7Y 

!N0"TORY 

Wt:·RK FORCE 

Q:TALITY 

TJpe o~ equ~pment and technolo3y 
- Frocesa "f!.0<11s 

- Layout of facilities 

Providing Right scount o~ capacity 
et t~1e right place and 

- at the right ti:ne 
( to scl~e ~ize o~ the ~a~ility ar.e propP-r nu.uber of people 

-r·v-~· r:o"'" l .l. l!..i..: rt ... - ·.·n1~t to ord~!' 
- How ~uch to or~er 
- 'Nhel'\ to order 

Inventory control s~ste~ are used to menage 

~!ATERIAL FCR P'J~CH.\S~N3 

F<AW Y.A'I'ERIAI..3 
FI!rI S:t~D AlOD5 INVENTCRIES 

~CW ~UCH 70 S?END 
W":iERE 7C I~CArE MATERIALS 

FLO~ CF ~ATERIALS WI~HI~ THE F!Rl'J 
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THE FAC·roRY AS A TrtANSFORYATIOR SYSTml 

lt-POP~]J By [3] 

FCE~i~ \NFORHhTIO~ 

OF l'ROCCS.S INPOTS 

E.N Vl RON ME tJ T 

SYST}l(S !HINKU!G 

-
SION~ 

-ro ~-bJ Tu£ 9fS.~H 
Tb CotJTf,WL II 

:rD lt1PR.ovE:; 11 

soo tJ t>UR.\f Y.tt~ 
~'1$1CH 1(-tJt> -t:NVl~N

H'8?JT 
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( '"OPX FORCE ) 

5 

Sele~tion 

Hiring 
~iring 

Training 
Supervision 
Com pens st ion 

C Nothing i~ done without J>'.!Ople - key task~ ~or opera
tions today. ) 

( QUALITY J The quality is built into the product through 
ell stage~ of operations 
Standards Eu9t be set 

Equipment .'1U~t be designed 
- Feopl~ sust be train~(. 

Goede blid ser"ice~ i;aust be insp-,cted 

Deci~iou frat! •rod· is g t"rane-w-ork which categorizes and defi
nes deci~ions in oper~tione. 

i:'l g~od:J-r!'\Jd1.1cing OrianizationJ !:A.RY.ETUi:J eri1 OFERATIONS are 
01 .. t~anized A~ se;:arat" runctiones ( gooc!e are produced 3nd sold 
:»?per.st~:y~. 

The history o~ o;er~tior.~ ~anag~n~nt include~ 7 ~3jor ~ontri
hi.:tionz : 

1 D!VIS!O~: CF T..A.90R 

i CO~Pr.:-r ER~ 

Y.e:·~·i:ting an~1 ~insnr.(' are at the ~am~ time items o~ a functione1 
' 
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' 
Cper9tiO!l9 strategy is a vision for the operation function 
intesrnt~~ ~ith basines~ str3tegy. 

Cperations ~trategy consi~ts of 4 con;>on~nt~ 

v 
i I Whl*Al1 

i 11,t "'" -I ~HE-Nt 
!_ 

- ;:rssrcr: 
- OBJE:!:1Es 

~ISTfcTLV3 CO~FE~ENCE 
- PCiL!CY 

ff A-J(Jf{ 7r> .,,~ 
or Slf(S(r rev, 

~(}t.,S~ 

I' fl.o Dut/r 
· I fE£.4-~ v 
CltD 

1£V~lOl'
lmVf 
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l 

7 

II PRC:rss DESIGN 

1 PROCESS ;3El.SCTICS 

Proce~s e~lection is o~ten viewed e~ 9 la:;out proble~.!n t~e 
proce:is l\e~i~ r.ust be solved '1':~stions as f"ollot1:- : 

the process is cla~ei~ied by type ot pro
duction as a 

LrI~ PROCESS 

HiT;FlH'.:TE?lT PllCCESS 

FROVECT 

the proce~s is cla~si!i~d by typ~ of eus

t•i"ller orde" 
~1'Y.E-TC-Si'0C~ 

lCA..'CE-7C-C~ER 

l~~ ii.CW li:5 c?-.araC't~riz~-0:: by a linaer '9equ~nCflJ of operstions 
~~@'c! to nskt: the ;>ro1!uct o::- operation service 

~tat ion FRC!IUCr LI\ YOl'T 

pro~uct ~u~t be we11 ~tandarcized 

prettcri':>ed eequence 
Ex~•?l• : asseribly lin~ 

L.ir.e - flow op"!ration~ : MASS PRODU:~ICN (cars,trucke •• ) 
CCNTINUG~S PRODUCTION (paper,beer •• ) 

(] highly efficient 
~ ext1·emely i n:t'lexi ble 

~~--~~~~~----! INTERKITTENT FLO~ ( JCB-SHCP) is characte~ized by prDdu:tion 
in butches at intel"Dittent itervale 

. FINAL REPORT, VOLUME II, Pace 63 



EQUIPrt.~T AND LABCR ARE ORGANIZED INro WORK CETRES ( BY SIMILAR 

TYPES } t PRODUCTS F!.OiV O!:LY re THOSE WORK CENTRES THAT ARE RE -

QUIRED 3F.NER..A.L - PUaFOSE ~TJI~ 

THRUUGHF'.;"'r 'I'ItlE ror '?latches wil1 increase 

much lo•er utilizstiou o~ equipaent 
- iilUCh lower utilization of labor 

?J, , 
,, {)" 

PROCESS LA?OUT 

--------~ 
--~\_)-- ---

.s r11 /j()[. ~ .. 
--~ 
------~ 

product nows 

taske or work stations 
labor hours 0 

total time(machine hour:l) spll!n<l working • 100=! 
TE: 

total time in Clperetione ( inc!uding ti•,e of wai
t:!_~ 

TE lo - 20 % ~arely 40 % 

JC~ SHCF isJ makinz prciacta to customer orcer. 

r~~7=:C':' FCP.M OF :.~£RA!I~N3 - to produce, 1:1 ~nique pro:!uct(art, 

~otjon picture,a buildir.g ' - ~ach unit ot theee 
i~ ~roduced as a sin~l~ ~~es. 

T!:ere is no f."!.ow of i.•roduct - but se•J.1Jence of oper&tions.Project 
'.."!f-S high COS t • 

FROJEC1' LAYCUr 

the proces~ 

Q 11?arket conditions 
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@ capital requirements 
C] labor 
@ ?..9?l&geP.ent skills 
~ raw materials 
@ technology 

2 FROCESS - !"!.CW ANALYSIS 

~~cro level of proces~ design TYPE OF PROCESS SELEC-rED 

?Y?E CF TE:H!lOLOGY USE~ 

~icro level o! procesE ~e~ign PRO~ESS-FLOW ArtALYSIS 
FACILITIES LAYOUT 

Facilities layout mekee it'luence ~or 
SCHEDULING DECISION 

Ill~\"TORY LE'iEL 

TYPES ~F .JOB (DESIGN.Et) 

METHODS OF ~t:ALI'!'Y COiH~LCJSED) 

l ?lCi"fiCf!.AR-r 1 
:'lo··~hart i c; to-::>! for CMtlysifl5 ~y conventional way or by IJ:Gthe

~atical mod•ls.Flo~chart 5ive~ analysia cf ~ollowing ,roc~9s ele
r11ent3 : 

(}.) :u W if:.!,.1.'ERIALS 

@ P~.OD:JCT DESIGr: 

G) JCB ~ESIG?l 

;8) rRCCESSUlG S~EPS 

@ M>.NAGEME:l'l' cot:':'Ri~L IrJ~OHMATIC~J 

© E~UIPM~fl' f..HD TOOLS 

Earlier - ~cientists ~roken the procese to el~ments and studied 
each of them an~ seeking ~ow to develop whole pr~eee1 
throubh eleu;ents 

~iow - WP. are tryinb to m1n1m1ze throughp·.lt ti111P ~roe be~in-
nine to t~e ~n~ (3elling) by 

SEEiC.IlG THE 'NAST:; .r.:1 P!\C~F.~~ 
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10 

W"e consider like the waste any operation,•nich deee aot ad~ 
any- V&ltte d1JrJIJi t~e vroducticra proce~e 

c,r;i.Y A:r:;AL P~GCE.SSili3 TI?!E O? ?HE ~A'!'~IAL 3Y MACH:NE 

CR BY LAn:>~ A~DS ~A~~:; 

il~xt documer1ts ~'!flCribe t?le M.ow C~ material in &reat detail : 

ASi."BLl llRAWUlGS 

ASSOOJLY CHARTS 
RCUTI::a SHEE'l'~ C PROCESS GHAR'l'S ) 

FLOW - PRCCESS ~trrS 

P~ocess ~harts (operatio~ process shftets) give sequences ot 
op"'ration3 ;;i th all :!et ail ~r~!'ormntion tor man'.lf'scturing. Dat.a 

l•ade <..~ !:l~t:?: cut tin-.:; t~chnologies &8 a· :.iyste!I' 'fer process 

chi;rt~ el ~boratic?: ~as been hRn'.!ed over to !!'l'!;DC.Co::i_;>re?'l~r.

~i ve c:·:pllit~F.t iors o!' ebovil!! ment.ionea DA~.t 9ASE ig published 
in that FROCEE~!~G. 

Syithole u~ee in 5 ~ow - process ch:irt3 : 

IN'l.j>f;q-/o N{ OF 71ft: 1>/loJc.CT FOR Ovwnry lrll/> 
au1n .. rrY) 

rRlr'IJSf'Ofl-/lrnON l it-tto VclfE IUT OF /'M-"Te~ff.. F/UJ/'f ONS 
Po11t11 "TV kl\Jonte,t..) 

S/l>R.i-GE (/m.J /Nl/f!;ll/T'CP.Jr Oi,. S7l)~ O!= lflffE=R.IAU 
MJ.+rnN6-T/f6 Nex.r OP5RA=fltJIU) 

l>EUr"I (IN THE ~NOC or D~R4noN) 
rpe"jt:.or.~ t'cn· analy.Jing : 

··~· ..... " ... , .. t.·~-~~.t operet ions ~rP. really necess11ry 

,_e this 'lp~r~tion conductM 

i~ t~.ic; op4ration p~'."t'ormed 
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OPERA- TRAN.5-

?0RTA-
nrsrt:- STCRE 
':'Ic:: 

bELAY.S 

order (printed) 
lo the dispatcher 
prepared semi
preduct 
to the op~ratioa 
1-at opretion 
to the et•re 
2-nd operatioa 
tranaportatioa 
ins pet et ion 

••••• 
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11. 

J INFORMATION FLOW A.~ALYSIS 

1) i~orm&tio~ is the produ~t or operations 
(~lerical inforAation o~ processing in o~fices) 

2) inf'ormatio:'l i~ u9e1 fol" aanagement or control activities 
(order entry,purchasing documents etc.) 

Often is necessary te realize it tcgether - material and f'l.ew 
analy•is. 

SYMBOLS : @ 
@ 

0 

origin of record 

significs.nt !tep (new data is ad1ed to the 
existing record) 

nonproductive activity 

O move of i~o:-mation 

D inspection 

\] d4!1lay 

Tll.C: SAME QUESTIONS 

what who where ·Nhen how 

l EXAUPLE 
11 Leve loplllent of e new product. '' 

rIME ACTIVITIES REMARKS 

Boa~d of Direct•~s 
Slark'"t.ing di7i~ion 
~erket forecasting 
Develoj>Clent an~ rftseerch 
Design departaent 
:perations department 
Quality Sy~te~ Y.enegement 
Inventor] m~nJJ&ftment 
Waiting for final decisioa 
~oar1 o~ Dir~ctors 
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1.3 

4 - J.iC~ELLING CF PRCCESS ~LC.\?S 

;.~!ln~· typ'!i9 o! .:od~l:'t can be ~ae~ : 

LI~"F.AR PROG~IN3 

SIJr.ILATior: 
QUElTING 

General approach of aodelliag of process f'J..ows : 

( l - st step ~ ~RAW A !i"LOW- CHARr OF ·ra:t: PROCESS 

l:: -
-
' -<oJ 

, 

l .; -

!1'~ st.9p 

~(~ st•11 

t~ !te1l 

:l 
I 

~ 
J 

( ~or ~xample ~loc~ - diagram f'J..owchart ) 
Tri:~ TYPES OF BLOC!{S 

EX/rMPlc . S/HU[.A-T/ON OF P~C£SS FLPlllS. IN FM S 

/NtnM.. WAJbtTI OVS *Nb ~~S.V11Tlt:JAJ~ 

- tf!.L DPef4T/O'iJ~ -lrU5- STMUel> BY OPe/OPrJDN 1 OF Plffll-1 
- f>1'1l.:r 1 &EltJNG-~ Tb 71(6 I!.~ 1 WHICH Aleel>S H PttX6r OF f'/fi.:r1 
- P,+tq 1 /$ LD(M..7Ef> IN7'0 ntE Oftll3 {!,oAJ71HA1t:e_ 

- VOl-£)1f5 t:Jf= PNe ColJT!tt,.,&.,. - N rtr:ees CF ~T 1 
- 7lfE servr 71HE op n~11t1e.., "FD~ P'1K.T1 ts Tsu 
- 71tE h~Hl/tJtN& n11e OF P'ltl<.r 1 01i1 }l,fclf 1NE 1 1s r;, 
- A/Vlf8& PF f1/t-Olf tAJE.S -AV"1t>Ol6 n::>,t. tT~u F,+C?lJ~«.. Fll-lT 1-c 
--. NUltBeR- OF lrtL H~tlt/E~ IN WPRt~ffo/> - S 
- 7!;""1._ 77hE ~ TR.h/SfOR.7lrTIOIV IF !*£r "1- 7T frDOPTP!lb •v['f] 

- /tVEMff NVh&eR.. DF t»t:~10Ns ~R.'*71 - Nb 
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; i.!YCU! CF 'Z"ACII,ITIES 

!'A~I!IT~ES Sl'R/.'!'E~Y: ... Ho;r mu<"h C3p!icity is n~ee4 , .L. 

2. 1'hen is th!! cspacity nedeed ,. 
' J. WH:;RE sho:.ilc~ ~a the capacity lec3te..tt 

?A~I~~IlES C.\FA~ITY: Asaunt o~ capacity. accor~ing to aiaa 

.. 

.L. ~rJ not t.o rlln ollt. ( / capacity) 

2. 3uild to a7er33e ~oreenet <~capacity) 
J.isximize utilizatien ( < capacity) J. 

(Neceassry to ha•e place reserve.) 

F:.~i:L.Il"Y ;.o:A:-:ox FRC:J[.~S: 
.. -. .. facility l~cation (F:ictory) .L. .:.:1ng.t.e .. 

:.o~ation o'!! C•.l'!. ti~le r'01ctorie!ll (1"3rehou9ee '. 
J. t.::ation o'!! retei~ storeu '9ant3) 
4. Loc3ti:>n o~ ':iier6enc~; serTice3 (P1>lice) 

I. ;,AYOL"!.' OP' :MTE;s~I"!.'T~"l' PROCESS~ 

.~ i ff~ r·H?:. ;1:iths 

it h~s to ~e creatflJ e proce~e l~yont ~9b:ii~:

.,~ui;l:ilent ')r,.1 sii!Oiler· ilior~t!r slt:ille are ~!'oup~·ll 

"'"rk i!leC!-.s ~ust he !oc3te~i accC'rdi~ to i:i:.l1tr,ti
t :-ti vc ~~it~ria ~r.~ ,):- .·iu~"!.itative C?'iterlc \Cl} 
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. - .._ . 

I 

Flow scheme of plant inputs and outputs 

SUPPLY 
PROGRAMMEk~~~~~~~~~~~~ 

l='r ".'~ •.1r t • rv1 

pl.:i•" ~·lo 

rnn[H rr t II 1r.J 
r" nr tr; n /H.H.H: 

tNNti 

~osses of inputs 
during reclamation 
storage and 
transport 

Losses of inputs 
within produr.tion 
plant site 

lo'>s~s of products 
within production 
plant site 

! O'!liv'!ry Losses of products 
during storage _l_ 

SALES 
PROGRAMME --t------•-111 

Bv products 

MARKET 

and transport to 
the market 

losses of products 
by warranty 
services 
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- materials handling co!t~ 
- travel time of c•istoEer 

(3} ~~~litative criteriA o~ layoat ~ecision (i8 not pos~ihle 
to i~entify) 

- sr. ~ety rules 
- noice 
- inf~r~~tion ca~~unicgtion 

- t:?:v i ronment etc. 
An ex&J?~le ~~ w u~mr~~rc ~~=~ZICN RULES " is the solution ot 
l~y~~t G• ~p~ctro~etrie laboratory in VSZ ~O~I~L. 

L!YCUT C~ i.IN!. F~C\:ZSSES 

':'~c se;:.ienc~ o~ :;roce!'sing ~ctiviti1t:= in t!&9 linf! pro-:e~s is 

!"i,,-ed ':.y ~h~ produet ce~ign (step by dtP.? alon.s the line !'low). 

NA1N ~~~ OF- 71fl~ LIN£ : ( 111~ C)fClJ; n11~) 

11(f; CJ(ClE 7111~ l.f '14-Xll1C/lf n11e 'flrtt ..+IVY WORJ:.-Et~ 
0 N 71(1: LI 'Jt c.,t, IV SP£; Nl> 0 N T-11£ f f«}J) V q 

1-fT T?r~k.. OF TlfE SoWnoN ~ GfVfEtv ,+ C/({!,/£- n'TE I Fl/VD 

71fE '1+X1 htJN 
REQU!lt£b 

NVl18EI!_ OF WO/l..I<:. ~~nON!: ()R 'f,/O~J::l!!!ll.S 

c :s 

l!ffE- DF />~t>cJtr ( A-flDIJqf tJF PIE~ ~) 

T-= 2 tz- . . . Tt>m wo~ 7111E 1AJ A- PRC~rJIJf 

IF e ll /CNB-Wtv ~I TN' ~WN I 111£;-eh/ N3A1ve 
A- NV'1&elJ.- DF .3iV;-IDIV.f 

N -= T 
(!_ 

,2_- rtrl ~l o F 71fE S;.ol{JnO/IJ : iD 11/fl.lln rn nte (!)fal.5 

1711E FOi- .+ 811/~ NVf1le/:; IF WfJU ~n-noAJ.r 
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LAYOUT O~ FACTCRY 
!~TERM 1rti:N T f'RoCESS 

___ ?.!!»~~ _ o_!_p~_!:P!~~~~~~te~j_a].~; fM_C:..aJ>9GAM 9 ~ 
' , 

Heatirig 

treat1 er.t 

~ 

! 

/ 
Welding 

' I 
I 

v 

t 
I I 

-

-· -

It 

\ 
) 
·1 

I 
I ---·-· ~ 

Sawing steel bare 
~----------- .... , 

l I 
I ~ 

L 
1. St•re ef steel material~ ; 

Store o~ containers r:::-~:~~;~~;.~~-,i 
t A ,_ Jr-, 

~s!2 
I 

15\ 1 F j· F 1. ex: LS l 
\ 

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

I 
i 

I I 

v I v \_.I 

rt;RRUM RRYDLANT 

MarkA for differeat typ~s of t'l.ews : 
-·-·-'>-Products - - - -".::>Raw aateriale,eeaiproductt! 

I 
I 
I 
I 

I 
I 
I . 
I 
I 

I 

i 

I 

I 
I 

I 
I 
I 
i 
I 

I 
I 

I 
I 
I 
I 
I 
I 
y 

---->~Parts in process - - -;.- Scrap 
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LAYOU'l' OF WORKSHOP 

11.ADRIALS AND PRODUCTS FU>WS 

~I+ 
• • ·- ··-~··. -···-·· • ,, .... 

:;:-+ Sawing steel bars 

t: 
~· 

Store or containers - lift 

Fl!S 3 TOOLS :lRAP 

0 80 cs. 
CJ 

FMS 
t:ontr. s,1rstea 

FERRUie FRYOLANT c~o~s - SEC-T10/'IJ A-A 
ON 111E: 'F'OLLOv.11NC. FJWP.l. 

•••• • • ...._ Raw materials 

----i•~ Parts in process flows 
- • • • +- 11.anufactured par e to aseeably 

---• Srap 

• : 

I 
E • • • i • • • • • • • • 

' i • • • 
i 
• t I 
I . 
• 

I 
I 
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LAYOUT OF WCRKCENTRE 

Co~TA1NEP. Stolle 

lcmlllJI 
. . . 
f1>11 IMPil 

(

'L!!.J lliJ 
To/ 

~ 

A1 

8-f 

Ci __ ) 
r AL 1 f>LI~ 

~_] 
Tv 
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to 

SE~t'ENCE OF CO?lTAINERS FLOWS - FllS P'ERRUll 

€)(AMPLE - P>A-TCH 'f =") ?- CONTi\lNERS Of P~ 
A p, ~ 

l ) St·M2TlfJG PosfT10N 

[~ / I ) co11n7.-1 NER - TooL fe>f{ B 1 -r1 

~ SOX W M.+C+flfJc 

(D / ~ l ) C.ON~1NeR - SeM1f>twbuer R>lt P1 

HAN\Jft\·eTORING- P1 TV MP1 INT?> f:'HPTY 
CO~Thl tjER_ 

( ~ I D I [!ii ) Nf.X.T C{)tJ~\ N€R. WlTH p..., - t1P1 1b 1BTING

( I~) HA r.tlJFMT<.Jl1llllC- P-1 TO HP1 

~F.PeilTION Of ~'(Ct..f 
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2:( 

CROSS - SECTION OF WORKSHOP AND STORE 

,\ - A 

1 t 

PUT 

I 

INPur 
--> 

Store FMS workshop 
' 

/ I 
I 

I 

I 

Process atrategy o~ containers stere 

I 
I ; 

I 
I i 

I {. e r 

<!. c.. 
! 8 B 
r 8 I 8 
I 

"'" 
A 

i A 
"" 1A 1A 

r 

Vz.. 
7 

~ 

I I 

' 

i r 
I c..... 

r.. I I> 
8 ,J 
B A 
~-· 

I 

I 

c. c. (! (!. 

<!. e.. ~ e. 
~ B j .B 
B .8 .B l 
-A A- B , 
It ~ A .B 
A A_l_ ~- ~i-

_T ___ 
T 

I 

-

c c 
(. 8 8 

~ 8 ! B 
J , A A 
8 -\ ~ A 
A It 

"" 
~ 

It-- A ~ A 
It 

"" ~L~ --~- --~ -- --·-

I 

<!. 
t_ 

l. 
I c. 
I c... 
I e. 

e 

. 
c 

.I> 
g 
,+ 
.~ 

"' I\--

e 
e.. 
t,,. 
e.. 
e.. 
t 

I~ 

c. 

.& 
6 
A 
~ 

A-

c 
,g 

8 
..+-
A 

c.. 

.B 
z 
1'\--

-

OUTPUT 
~ 

·--........_ 

lrJOP'TED &'1 ['t] 
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lfETHOD OF AVAILABLE LAYOUT DESIGN - PRINCIFALS OF ALGORITHll 

(The ex81lple of spetroaetic laboratory eolution) 
L/rf OF lceT/Vlnt-s: 

/t - f.PCC1R.ONEnc.. lrNA-LYgJg ( ~L lrNP CA-ST lllDI\/ Sltf1P1£~) 
A1 - v1revun ~PEc..7/U)hE:77L:·1 
Al- 7'-Rky 

Al - Pllrf111t 

Alt - C!Hett100 kNJr.LYSt~ 

15 e.o,..rri.01- ~ Ys. JCH ( CoNbveT1Nf oF 7ECllNOLotrt) 

(! - IAJFollhlr-770/IJ Wl1ffUJ.Jt~111JN 

'/> - <.;lrn Pll3.f n1rJS1>0e.:rJr-7ToN 
/)f - PIPE Po>r 

fJJ../ - l,tf If MID 

£ 

F 
'S.frNPt.es 1>f!..eFA:-121rTJON - Hor .S/tHf/.£/ 

'' It - Cl>L~ £-A:nPiE.!' - CNSH1A1Cr 

C- - ST?JR.E OF S.!t11fle~ - l-JGU1!J 

It - W+sTE, ';Rlt& ( c/SE.p SAnP/..ES) 

1 - .SrD'f-E Dr '11r-Efl14-LS {PrNPLE.f P11€P/ri41TON j 
J - STl>R.c OF C1fe-f11C1rL Nlr~flllrL~ 
/(, - ~S STOile 

JC_ 1 - lrf.korJ 

k_ L - (),X'f Cf3N 

k 3o _ NtnLoU N 

k't - neTH!rN 

l- H~TINf - ldl!..CON:P1170f\J1N6-

/'1 - Vf..NilLJr-TfoN 
N - fies.r /!t IL. 

0 - fAPe~ - boCUl1€NT.S STD'!Je 

p - W'1 Pt/lf:;t_ ./Ml o AJ 

Q - ft W STD llf..,, 

R - .r~ff RoDf1 
k.1 - /l.W'T !?Ac 11 
R'L _ MJA;~H1NO-, t..+v,tro~ 

S - ~TJrfl,'7 OFF!~ 

T- elft£F EN61~ 
FFICC. 

~ - 11e'ETIN6- /!DOI'( -
U, - Gt/e...f(..J' UC/VJ 

V-1'1.-,N~CE '>TMT 
ty- ~l.?f*NSfcht~ 
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I I 

I 
······-···-···!clLV 

I 

.............. 

1
1111 

II 1>1 /tl 1ER.N* TIVE ~ STbeE l'fl'f3 Ft:JSr G,f-\ Mil.UN. 
OF Urrovr I "' I 1 l>f, H ~ L 
SoLUTJDN 1

1 

'VA-s-re, SiHtPLcs: ~,,,_~- k 
! H I E F 7/()N '/Elfl71l 
~ f,L,3,,Y /1 . 

CQ!ll/DOll... 

ffW STbfll.-~m 
/Ml)_ 

~ Q l!!lv G1 /l,fE/l 

T u, 
T>CJeuff'!Ar ,, 41 flfT{,. 

~orJ 1~1 ~ 
NMJr.6 

v .s:JT> /1.£. fl. y 
0 s t... 
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'lh.UE fJr CbltfAJtatOAJ s;, : 

10 retl'f S71UJAJf-1 0F7CN1 l'ell!ONA-LlY 

'J ST/l()N~1 VElllf OFTEtJ 

~ Yt;R_y (}F~ 

t 

' r 
~ 
3 

i, 

1 
0 

-1 

flFlON 1 ilJT lhPo~T 

DFre-N 

17 '1E- TV T711E 

WOT Pefl!oW<u.r 

ON l. y 07/fEfLC 

OIJL Y foR.. Cl-(eeK.1 N ~ 

NO l/!Str 

:M-NGeR.ous 

-10 Sut<R..ouN b1N6-~ 

, 
' 

UrY OVT 1JcS./fhl : 

~t-l ~v 

x-mo 
~~0 oo 

If-Ht STE/> 
CRECk:/N&- ~E((ueN~ or 
CON~BCflONS 

~NAJf!ef/otl/ A-~8 ~ A a,~ == 1f-& t- !SA 
1- tt ~TEP A ~ (!, ~ X a, t., = .4-e... re.A 

2.-trd ~rep 

/!E(){)f!3AICE- lf-f!t!,Ofl.D1N&- Tb VlrUJE OF .{?° 

= 
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5 - IJ.YC:.i'l' OF FRC~:::rs 

1 p~o~~ct ie a one - ti~e activity w~ich ~roduc~~ unique jJI"O~uct. 

CAT~RIES CF rEC~E~TS : 

1. lhe construetion of huildings,d&E~ ~tc. 
C ma~or ractor - ~Ateria! handling c~sts I 

2. ~!~r.:iracttAring in r;_xec"! pc>!ition~ 

{ large ite2s ar~ manufectured - ehipe,epcce Yehicles) 
~ apeci~l ~actor - Materials 3re located in concentric 
circle~ } 

3. ~u~t!ple project9 

( ~•search end ~eve~op1&~nt depsrta~ts,3dverti~ing agen
cies 3tc.) 

t::xlttPtE ; '/ffr- f71Wt!.."//ll.E OF ~ fll«!.E./:1 I~ f,I)~.,.,,,,,- C.OlflrN'f 

{YILtT ~ I/:" WN~.f l~ Ws:/'Dtt~ #NP Q.o>tPh"') 

elEl#t!.. />EFI~ 71fc ~.!Bq /~!ff. ltf(/) D~Jf;tqJ&1~f 
7D *'Ge l/111f OVCTOl'ff!:I!_ 7111; ~~ CQAJCM'i)IAI 
OF ~W7toAJ { t!.lll ~~ DF Nv~1'1 R ~q) 
7/J et...,,_&o~ "'llB~r •F- ,.ANeQ.f'- Bv1>~ 
TO J>ePTNE ~t:..f OF 7a17 '1e}f8ei:J'-te~M11"eQ~ 
7D t!.,f-fL'l CCJT n1te- Ce/tel) vu; OF ~rlEa/"" 
7l> P'J'hJr ~ ~11/r, /AJ r/118l&, JbWVlD~ 
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III - :APACI~Y P~~~ING AND SCHED~ING 

FACIL:TIES DECISIOFS 
Facilities decisions are often made at the level of top aana
ge.:erlt and it can be integrated with corporste strategy. 
(Forecasting demond.Detel"llining facility needs). 

FACILirY LOCATION PROBLEMS 

Lo:ation prcble.:s that involve the di8tribution of goods fre• 
or.e location to another.One of the available methods is 

i - TRA..tlSPORTATION &ICDEL 

Forauletion : 

We have shipilent fr~s one locatior. to ano~her (~rom factories 
to warehouse9).?his shipment nee~s to determine ftlleunt for ahip
pir.g froa factories to warehouses in accordance with amount re
~uired and 82ount produced in eech factory. 

TABLE OF ROtrrES 

a., 

~"fovNr fl6~Vll:ErP 
FU111. 
ti tf-1.{;lf 0 II st;= 'f-. 
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7. Sr.HF.OUT~ T NG OPF:RATTONS 

Aggregate planning see~s to determine the resources needed 

( time frame about l year ). 

Scheduling allocates the resources made available to meet 

operations objectives ( time frame of a few months, weeks, 

hours ) . 

Scheduling objectives: 

by r a schedule 

which l maintains 

scheduling selection: 

8 l,TNF PROCFSS: 

high efficiency 

low inventories 

good customer service 

high utilization of 

of 

of 

1abor 

equipment 

space 

classification by type of process 

A line 

R intermittent 

r. project 

- no for simple product 

- only for multiple product - but process moves smoothly 

/'"'"' 
\~ TNTF.RMT'l''T'F.N'l' PROCF.SS: 

- process moves not smoothly - many starts and stops 

irregular flow in due to the layout ( machine group 

,TORS OR r.US"i'OMF.R' S WA T'T' TN f, TNF. AS P.Ar.H UNTT TS 'T'RANSFF.RRF.O 

FROM ONF. WORK r.F.NTRF. TO THF. NF.XT 
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--> NF.1'WORK OF QUF.UF.S 

--> HOW TO MANAGF. THF.SF. QUF.UF.S 

Scheduling problems for intermittent processes: 

- input - output analysis 
- loading 

- sequencing 

- c'ispatching 

l TNPUT - OUTPUT CON'T'ROL J 

TNPU'I' - the amount of work arriving at work 

centre per unit of time 

~OAn the level of work in process - WTP 
in the system 

OU'I'PU1' - the rate ( amount ) at which worK is 

completed by a work centre 

CAPACTTY - the maximum output which can 

be oroduced 

ANA~OGOUS ~YSTF.~: 

4JkD LEVEL 

LJw l1A-eiff N~ 
/Ot-E U~"R.. 
lllCJ+f t1AJ1r Plt.cM:r ecrrs 

-.--...::. 

C...4-Plt(!.{ ry 
II 

f ~ OrJTPO'l" 

le vet. 

I~ ~ 1~7'W 
~~I- W-trrf-111/t;. 77'1l!!:-
(!JJ# 71Hf/:?'~ IS t/N~kn~ r IE t> 
l16- !Nllenl-,..V'f 
fflr;H UN tr ~JJl)q'TON ~i.t 
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F.XPF.OT'l'TNG TNnTCA'T'FS A FA TVJRF. RF.'J'WF.F.N OUTPUT ANO TNPTJT 

TOF.N'T'TFYTNG CRTTTCAt ,TORS 

ANAT,YSTS F.XAMPT,F.: 

TN PUT 10 non $ PF.R WF.F.K 

TNPTJ'T' c;oo non $ PF.'R VF.AR 

OU'T'PU'T' 10 non ... ::- PF.R WF.F.J( 

WTP TNVF.N'T'ORY ;mo non $ 

T,F.AO THF. FOR PROOUCT = 7.00 000 = 20 WF.F.KS 

10 000 

and in actual ~rocessing 1 - 7. wee~s 
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1 T.,OAnTNG 

( not oe~ailed scheduling or sequencing 

Two types of loading: 

- forward loacting 

- bac~warct loacting 

The purpose of forwarct loading is 

approximate completion date of each job 

require~ in each time period ). 

to determine an 

( anct the capacity 

The purpose of bac~ward loacting is to calculate the capacity 

require~ in each wor~ centre for each time perioct. nue dates 

of iobs are always given for bac~warct loacting. 

AT...GOJHTHM OF ,TOR SF.QUF.NCTNG --> m x n 
SCHF.nUT .. TNG 

PRORT .. F.M 

m NUMRF.R OF MAr.HTNF.S (SOLVF.O ONLY FOR m ~ J 

ANO n ARRTTRARY VAT .. UF. ) 
n NUMRF.R OF' ,JOAS 

a) STMPT.,F.ST SW TS FOR m=l n = arbitrary 

b) m=~ -> left - hand - right - hand - rule 

(S.M.Johnson - 1Q~4) 
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WADING 

Loeding is very rough procedure,in our 
susption - waiting time 8 hours. 
Exaaple : WOji.\( Cf NTI..E-S A, B, c 

I 1 

i b/f'\' ,,, = 10 kOl/R.~' DAY l l>A:Y 3 
<~~-~-___,l'lt'E------~r--~--~~~~~--~ 

I J0&-2. -TJH~ (.,JNE 

fo~WA~D 

A 
WOR.K. WV'TltE 

T --- --- - - -·1 
fi) t - -1 '10 

~ , ___ , --~:: ·_ j ~ 
lo 

!J 
6 

7 

i-,---.-,
i 

" - _J ""'"- ' -" ...--t---+--+----i -

!>A;'{ .of 1- "!, &t l 
~SSl&L.C 
DELAY 

Jof> NUMBE R.S. ; :-t; \;J @ ® @ 

'\ z. 

--r- 5 

" - I .s 
t. 

I " 
> 't 

fOtWA-R.b LDA-D CtiAltTS FOR ~ WOR.K. c.e~ne: . IT IS Possrgi.:e 1'0 NM'C 

ECTT'fl. SY INSPE'.C.TION i\ND tt€\JRE"Snc A-~A1..~ SIS • TD ld>D or.te l>A'f -

Uf To 5" -1t) ~'~ S~T"tER. LOAblNG-- ON woR~ CEN~ES 

A~Af'Tt.!:> fROM ( 3] 

LEV'eL 
Of LDA-1> 
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Di\Y '1 :: 10 ttOllRS 1¥t-Y 2... ; Di\-'l' 3 ; 'DAY 4 
<----------- ·----x - -- · · · - -·-·-¥--------~x""': ------~ 

Jo& 1.. - T/HE l..11\/e'. 

c 
. ' 
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0 1 

"tHe NA-K.t >t>!tN = 2.o f.101.J~~ 
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flR.Sr {'\ ~-- 5' © 0 ( . 
S€c.orv.D 'Lf: "-.:../ 

© 9 
~ ® B nilµJ> @ "lf' 

f='ouRT~ ® © Jt @ 1 
f"lfiH ~) 

~ ~1r (2) ~ 

IDLE TIM£ ··· .i1 
tOo ~ 2..8, '! /o 

um ... 1 lA-T10"1 ... ~ =7 1-1,1 /o 
i4> t>A i>lE D fR.oM t ~] 

/ 

DUJV~'f Tll"lt 
(flOUU) 

~ 1, 
LO 
M 
tf 1 
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58 

5 DTSPATCHTNG RULF~ 

Fxample: lOO - l'iO shop orClers/per Clay available 
1000 machines to control 
ic;on orClers in process l'l.ispatching 

c;oo worlters process 

A OTSPATCH RULF. SPF.CTFTF.S WHTCH JOR SHOULO RF. SF.LF.CTF.O 

FOR WORK NF.XT FROM AMONG A QUF.UF. OF JORS 

STX RUT,F.S: 

MTNPRT 0 minimum processing time 
( shortest processing time - PRTORTTY ) 

MTNSOP @ minimum slaclt time for operation 

FCF'S 

MTNSO 

MTNOO 

( Clue date minus processing time remaining ) 

( zero slaclt time - PRTORTTY ) 

first come, first served 

minimum planned start Clate 

minimum Clue date 

by 

( the iob with the earliest Clue date - PRTORTTY ) 

RANOOM ~ at random select - not in practice 

Many systems for supporting dispatching control have been 

developed, each of them needs special explanation (CRP 

etc.). 
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6 PT..ANNTNG ANO SCHF.OULTNG PRO.TF.CTS 

Planning and contr~l in projects: 

A. PT...ANNTNG 

identity the project customer 

F.stablish the end product or service 

set project objectives 

F.stimate total resources and time required 

necicte on the form of project organization 

Key personnel appointments ( project manager ) 
nef ine major taslts required 

F.stablish a budget 

R. SCHF.OULTNG 

nevelop a worlt structure 

Rstimate time required for each taslt 
sequence the taslts in the proper order 

nevelop a start/stop time for each order 
nevelop a detailed budget for each taslt 

C • CON'T''ROT .. 

Monitor actual time, cost and performance 

Compare planned to actual figures 

netermine whether corrective action is noted 
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IV. INVENTORY llANAGEICEN'l 

In the ••ntlf'ac\urin« coapany inventory and capacity aust be 

aanage4 together.In inventory aanageaent the prillery fecus 
will be on inv~ntory,with capacity a9 a related Yariable.In
ventory is one of the five aajor decision areas ef operations. 

INVERTORY DECISIONS : what te erder 
how auch to erder 
when to order 

Inventory ccatrol systea are used to aanage aaterials fro• pur
~haa ing through raw aat1rials,wert in precea and finiaked goo1 
inventories.This ayste• aan.ages the t'l•• ef •aterials within 
the cospany. 

INDEPENDENT - D~-n> IRVDTORIES - DD.I 
DEPENDENT - DEMAND INVENTORIES - DDI 

IDI in independent o~ operations.Finished goods and spare parts 
s~e independent-deaand inventories,as in autoaobile preduction. 

DDI is derived froa th~ deaand for a."lother part or coaponent.The 
work-in-precess inventor7 and raw materials inventories have ~e
;>endent deasnd. 

1 - IN~EPENDENT DFXA!rn INVENTORY 

Finance is con~erned to mini•ize funds allocated to invento~y. 
Operation! need~ inventories t• assure t'mooth and efficient pr~
duction. 
~he finance fun:tion 6enerally prefer~ to keep the leYel Of in
ventories low,marketing prefe~s high level of invent~ries to su,
port sales,operations prefers adequate inventories for efficient 
productieno 
INVENTORY MANAGEMENT MUST BALANCE THESE CONFLICTING OBJECTIVES. 

Inventory definition : AN IN'IENTORY IS A STOCK OF MATERIALS 
USED TO FACILITATE PRODUCTION OR TO SATISFY CUSTOMER DEltAMDS! 
INVE?lTOR!ES INCLUDE RAW KATERIALS,WCRK IN PROCESS,FINISHED 
JOODS! 
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A water tank analogy tor inventory 

Supply 
rate 

- fl••• and stocks -

'/ '/ h 
Inventory i 

level ' 
I 

i . 
i 

Deaand rJA. 
rate~ 

- rate of r1ows out corresponds te deaande -
- the water level (inventory)is a but'fer between 

supply and deaand 

A wate~ tank system analogy : 

/ 

Raw 

Vender aat:eri•ls process goods Cueteaer 

aupply~ ,......._
1

st.age -~ deaand 
rate ·\ ~ \~ · rate 

Low-~ Scrap Scrap 
quality 
aaterials 

The tanks serve as ~utters t• absorb variations in f'lew rates 
within the systea. 

Purpose of inventories 
TO PROTECT AGAINST Ul~ERTAIN?IES 

TO ALLOW ECONOMIC PRODUCTION AND PURCHASE 
TO COVER ANTICIPATED CHANGES IN DEMAND AND SUPPLY 
TO PROVIDE FOR TRANSIT (DISTRIBUTION PIPELINE) 

Decision rroblems : 
WHICH ITDIS SHOULD SE CARRIED IN STOCK 
HOW KUCH SHOULD BE ORDERED 
WHEN SHOULD AN CRDER BB. PLACED 
WHAT TYPE OF INVENTORY CONTROL SYSTEM SHOULD BE USED 
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In•entory cest structure itea cost 
- erdering cost 
- holding cost : - cost et capital 

- cest ef stermge 
- ceet ef less 

- steckeut cost 

INDEPENDENT DDUND VERS$ DEPENDENT D!.11ARD : 

Independent deaand is influenced by aarket cenditione 
outside the control of operatina. 
Dependent deaand is related to the dea~nd fer anether 
itea and is not idepedently detel"llinedby the aarket. 
(When preducts are built up frea parts and asseabliee, 
the deaand for these coaponents is dependent en t.be 

deaand tor the final preduct.) 

I IDI llANAGEllENT SYSTmlS : I 
EOQ MODEL - ECONOMIC ORDER QUANTITY 
Q - SYSTDI - CONTilfUOUS REVIEW SYSTDI 
P - SYSTEM - PERIODIC REVIEW SYSTDl 
AB:: INVENTOR! llANAG~JUINT SYSTEM 

EOQ llODEL 
---------~ 

Main features deaand is constant and items are erdered in 
~iY.ed lot sizes - relatienship between ordering 
frequency and inventory level (reerders) 

Order interval 
On hand 

J..ot size = Q Average inventory 
level - Q/2 

Tiae 

The value of let size can be presented by a aatheaatical equa
tion aA follews : (Wil!ons economic order quantity) 

Q 3; .fTsD 
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T•ta! cest or inventory 

Annual cost 

lliaiaua cost 

Total ceat 

elding cest 
(Carrying ceet) 

Ordering ••st 

IX>Q Lot aise (Q) 

F•llewing ~yabels : 
D ••• deaand r~te (units per year) 
S ••• cost per order placed 
C ••• unit cost 
i .•• carrying (holding) rate 
Q ••• lot size (units) 

TC ••• total ot ordering and carrying cest 
~Q ••• ecenoaic order quantity 

Q - SYSTDI 

EOQ medel is liaited by the assuaption ef constant demand. 

Main features ot Q - eyet~• : the stock level ia reviewed een
tinuously, jec i sions to reorder stock are based en 
or. the total on-hand plus or.-order quantity {this 
•~cunt is called steck positien,when the nteck po-
3ition drops to a reorder point a fixed ~uantity 
is place1 on order,the time between orders will va
ry depending on the random character ef deaand. 

Q - systP-a definition : CONTINUALLY REV!EW THE srocK POSITI:JN 
>.ND WHEN IT DROPS TO '!'HE REORDER POINT R A FIXED QUANT!TY ~ IS 
ORDERED. 

!r1>orrc-) FRDf1 c.1 J 
FINAL REPORT, VOLUME II, P•lt 99 



A graph cf the operation of the ~ - ~ystea 

Stock on hanG 

R 

Tiae 

A continuous re•view (Q) systea,R - reerdered point,Q - order 
quantity,L - lead tiae is tiae fer resupply fro• Yender. 
The steck position dreps on a irregular basis until it reaches 
th~ erder peint R,where an order for Q units is placed.The erder 
arrivee later,after a lead tiae L,the cycle is then repeated. 

~he reorder !>Qint is defined as follows : 

R-m+s (to protect against stockout) 

where R ••• reorder point 
m ••• av4r~e demand over the lead tiae 
s ••• sat'ety stock (or bu~fer stock) 

SERVICE LEVEL i~ the pereentage o~ customer demand satisfied 
from inventory,di~ferent ways te express service leYel : 

1 - it is the probability that all erders will be filled 
fro• stock 1uring the replenishment lead time ef ene re
or~er cycle 

2 - it is the percentage or demand filled from stock during 
a given period of time 

J - it is percentage of time the system has stock on hand 

s - zo 

where z ••• safety factor 
o ••• standard d~viation of deaand ever lead time 

P - SYSTEM 
-----~------
The periodic review syste• ie based en periodically review ot 
the goods stock positio~ crinished goods,. 
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Main feature~ : The P ~ystea is completely deterained by the 
two ps~aaeter~ - P and T,P is the time between •rders,T ie tar
get inventory leYel. 

P - systea de:t'initien : REVIEW THE STOCK POSITION AT FIXED 
PERICDIC INTERVALS P.AN AMOUNT EQUAL TC TARGl.'T INVENTORY T 

!.!!NUS THE STOCK POSITI(\N IS ORDERED AFTER EACH REVIEW. 

A periodic review system : 

i L 
~ 

I 
>t 

p j L 

p p 

7he target inventory level can be ~et by a specified aerv~ce 
level.While th~ reviewed period is :t'ixed,the a11ount ordered 
is not.The P sy~tem should be userl for inexpensiYe item~~or 
for items dP-livered at 9pecified intervals. 

ABC Inventory Uanagement 
--~-----~------~---------
In inventories,a few ite•s sually account for •oet et the in
ventory value.The items are divided int• three claaaee : A,B,C. 

A - ceataias abeut 20 ' or i te11" an.1 80 I e:t' the !'in.mce ••lue 
B - " 30 $ " 15 % " " 
c - .. 50 ~ 5 ~ .. 

Class A repr~sents the most significant part et ite•e an~ iaven
to~y can ~e c•nt~olled ~J cleaely menitering the A items,Q - ays
t~11.Looser control might be ased for C itemiiJ,P - syatea er man•.Jal. 
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ilEPENDENT DFiXAND INVENTORY 

2. - IUTERIAL REQUIRESmlTS PLA:lNING ... llRP 

Definitions of llRP system - 3 types : 

TYPE I. : >-'f INVENTORY CONTROL SYSTF.JI 

(right quatities at right ti~9 to support the aaster 
schedule} 

T1PE II. : A PRODUCTION AND INVENTORY SYS·ra 

(t• plPn and control inventoti.es and capacities in 
aanufacturing ce•panies) 

TYPE III: A llANUFACTGRING P.ESOURCE - PLANNING SYSTEll 

(to ?lan and to centrol all manuf'acturing reaeurcee : 
inventory,capaeity,cash,peraonnel,capital,equipaent) 

CIDSED-LCOP URF SYSTEM 

--------------~-------

purchaee erders 

ven~ore 

mawter pr•duc 
tien schedule~-~~~~~~~~~~~ 

pArte explo
sion 

raw aeterial 

ahop erders 

lc~paci ty plan-
1~1116 

•hep fleer cen· 
trel 
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't7 

THREE PRINCIPAL INVENTORY FUNCrIONS 

- order the right part 
INiENTORY - order the right quantity 

- order the rig~t time 
- orier with the right d .. date 

PRIORITIES - keep the due date valid 
- a coaplete lead 
- en accurate valid lead 

CAPACITY - an adequate time span for visibility of future 
load 

BOU - bill ef materials ( parts list ) 

--------~----------~~------------------
~K is a structured list ef all materials or parts ae!ded to 
produce a particural finished product,a~eembly,subasaeably,aa
nufactured part or purchased part (BOU are 100 $ accurate). 

MATERIALS PLAN - PARTS EXPIDSION 
-------------------------------~ 
Example --... -~..._ _________ ... _..._. ____ - _ .. ______ ._._._., ____ _._ _________ _ 

Week 

---~----~------~-----------------------1 z 3 4 5 6 1 
--------~---------------------------~----------~-.....--~~--------
Sha!"t 

Grosg requirement~ 
On-hand/sched•1led 10 
Net requirements 
Plar..ned order -
releases 

'Nheel 
Gross requireaents -
On-hand/scheduled ZO 

Net requireaent~ 
Planned order 
releases 

-
lO 

6C 

20 lO 
JO lO 

40 
60 

40 
60 

50 

JO 
20 

100 

-

50 

100 -
• 

et• ---~-..... _..._~----... ----...... -----------_.__ .. ___ -- _._,__._.._. ____ .. __ 

FINAL REPORT, VOLUME II, P1ge 103 



l - JUST - IN - TU!E 

D~finition JIT is method of inventory manage•ent eliainate! 
anything "ltilieh does not add Yelue in production activities by 

providing the rieht part at the right place and the right time. 
JIT ~linetes ell sources of waste. 
O~jectives : Les3 inventory 

Lower costs 
Better quality 

PHILOSOPHY OF JIT 

JI! has been established by TOYOTA MCTOR COMPANY IN JAPAN -
the miJ Qf 1970 - Mr. TAICHI OHNO vicepresident of TOYOTA. 
uI? has been expance~ to USA at 1980. 
JIT is ~v&ilable mostly for r~petitive manufs~turing (aaes pro
duction of l'Srs,trucke),for production of standardized parts in 
high -.·olume, and in the certain e"tent for the job loz productien 
too (nonr~patitive ir. nature). 
CIBU 's name of J!T - ~ONTINUCUS FLOW Mht:UFACTU.RING - CFll). 

PRINCIFLES : 

RESiILTS 

ELEMENTS OF JIT 

REDUCE I~VE~TORY AND OTHER WASTE 
IPlPP.CVE QUA~ITY TO ZERO DEFECZS 
!~PROVE FLEXIB!I.ITY BY REDUCING ~TJEUES AND 

LOT SIZES 

REVISE THE PRODUCTICN FlDW PROCESS 
!STABLISH SI~PLE •IISIBLE CONTROL 
DEVELOP A HABIT OF CONTINUOUS n .. ~PJIDVEMEMT 

:YCLE rIME 'N.\S REDUCED ON THE AVERAGE 50 $ 

C.t.TALITY WAS I?lPROVE ON THE AVERAGE JC ~ 

PRODUCT!'/ITY VIAS IMPROVhD ON THE AVERAGE 10 J 
INVEr;TcRY WAS RED:JCED ON THE AVERAGE 40 ' 

MASTER SCHiDULE er FINAL ASSDBLY SCHE
DU!.~ for l \e ) annthe 
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- 'IITP.IN Ct'RRENT MONTH THE llASTER SCHEDULE 
rs LEVELED ON DAILY BASES ( SVALL LO?S -
STABLE KASTER SCHEDULE ) 
WITHDRAVAL SYSTE".t ( KANSAN SYSTEll ) 

JIT uees a simple pert withdraval system to pull parte from on 
work centre to the next.FArts are kept in emall containers with 
limited number.When all containers are filled - 11achiraee are ehut 
off - until the 9Ubsequent work centre provide• another eapty con
tainer. 

Inventory ie held on the dhop ~oor and not in the storerooa be
tw.een proce~!e• - inventory is KEPr I.CW - only a f'ew heurs of 
supply. 

COHVE:trIONAL PL£tT 
STbR.e 

?I ' ti irie.s ."Cr ola:t [ JIT PLANT ) WO/lJ:. CEJtl111(; 

VENDOR) -'-rno~<ooo\cooo\ _ 
~~~~m ~ ~ ~m 1=1~~~fll ! l~m~f4 I. l_~_ 

li! ,artner 
r.ext process 
descovered defects 

EXAMPLE 

ro MAKE AVE~nED PLA.~ PER DAY 
or types l •onth in advance ' 

product 0 @ @ 
incli vid~al urai ts will be mixed 

10 coo 
5 000 
5 000 

1/20 per day of 

5CC 
250 
:?50 

unit!': o'!' A 
units of B 
units of' C 

each will be: 
units of A 
units of B 
UJ'its or C 

ther,for~ sequence will be : 
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LDN t--re~ fll.o b\Je.llCl.l 
Pf,A.rJ Nl 1\1 G-

LON&- lt2M P(lOD\)C!.'fiOAS ~-' 
~PACtTY PlANNtNG-

ANNUAL SALES -------' 
f>LMJtJl~G-

"h.>tz.C.f.iA-s:E MJJ> 
fP.Ot>\)~01"11 

(CDUN~t1~.\-5U~ 
~I f\lS"'T f..01\-l>S) 

A NNlJAL ~l.010~ 
fLkNN\NG- .....___ 

M IJ)l)(.E ~ PPDPue.- ._ __ 
flON CAf~Tl PLA~NJNG-

PltlL.'f OltPe12-. ------+,. __,.___ __ ~ 

D\~TGHING- OF 
lr..\PIVIOIJ/tL ORDE;JZS 

STRUCTURE OF 

PRODUCTION 

PLANNING 

hSS£t1 Sol.I NV 
tle(..1"~1l.Y 11\l.Sf2.UC..TIOt.l 
OF ~RGE. WJ~'Sie.116(...1 

pe~ores 1tJ~TR.tJc.no~ 

-<~ED 8'1' ~M~ 

I l>f.W veit. 'f 1 ~S~t..X?"11<>¥ 
L or-ro~~-> ~1'Rrs 

7f'i "2.a:ESS1rJG- ~Nb~-
, ______ , &Ul'JG- f't-LTS 
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51 

PRINCIPLES FOR DAILY PLAN MAKING 

- TC DETEBllINE RIGHT QUANTITY 
- DOES NOT ALLOW OVER PRODUCTION 
- DAILY QUATA HAS BEErl S~'T 

- UNI.Fem! WAD ON ALL WORK CENTRES 
- ENOUGH LEAD TIKE 

- DENOTES INSTRUCTIONS BY K.\..llfBAN CARDS 

AillS : 

I U!IBAN SYSTD.I 

- TC AUTHORIZE FRODUC?ION 
- TO IDENTIFY PARTS 
- TO START MANUFACTURING PROCESS 
- TO KEEP PROCESS IN KOVING 

I POO.i::>UCTICN 71ITHDRAVAL 

CkRD ~D 

D 

- PART NUKBER 
- PART NAME 

- FROCESS TYPE 
- STORE t.CCATIO~i AT 

WHICH TO STORE 
- CO?JTAIN~R CAPACITY 

[Q[~ 
FL.Dws o :r h P' At-NI> ,, iv• 

t::l+N BfrtJ Ur-RDS 

IV 

lttM ltFElr 

-+l>OP~P !.'1 [L] ...,_,b [s) Principal JjT ech••e 

- PART NUMBER 
- PART tfAD 

- PRECEDING 
PRO~ESS 

- SUBSEQUEIIT 
PBOCESS 

- COll!Allf'ER 
CAPACITY 

- CONTAI~9Ea rYFE 
- ISSUE NU113ER 

w 
'/AL 
~MN 

tosr 

I 
,; 

°"TR'T 
® 

D D 
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JUS? - IN - T!JCE SCH!.llE !N D~AILED 

ONL 'f 71-1£ FIN~ l't-SJ;~f1 U'1 Ul\JE R.ECElllES .-\- ~l>UlC FIUJ'f 

THE b/SP/r1-eHllJ6- DFFICE { NE/tt.L'f TJ(E. ~A-NE FfU)H /JA-'f 'ro ])A-y) -

/rU Olffe-L f1A 'U/11\JE OfE tu-TOil~ lrl<i~ 1/£/JJIOR.~ ~et:E!VE PIU.J>l}(!J70tj 

OP-DEil~ - l:lrAlBlttJ ClrR-1>5 - rf.,()11 i1f£ ~F.sctiuE111 r WllL ee~TR.e~ 
{ltS FUJH c/Se~). 
IF PA.DDUe.t70>.1 SH()l.)LD ~P t11J 7ffE USJAJC- ttJOflJ:.. t.DJTlEs , "T1IE ro,.rLy/11/&-

~ ~TUJ(' NIU. lrL.S.o S:OON sTDP JIE.~ OF lt-&SEftJCE OF Nfi"\/ //(E-

f!E!Vr;-D JC.A-N~ Of!.t>E~ Foll- Notze ff~~IM... 'f'flt11 PlE : 8 t!oNiit1~ 

~~#, 
' KA'WUttJ 

PP~T , 

Ill/I 
'---' 

EXA_HPL[ Of CiJl1PL£T£ f:.Afl.fgltfJ StS7Eft : 
,,,.... """ -/ t, / " 

;~~~ I ;~' ... VN'tlr1 
1 ·~1 ! =µ,~~ 

: A ~· M/Qft..U,.1+.) ' ... ,· •• NlEA ~{ I .4tcA H" . I t.1 81,'f 1 A fl /, I~ ,. ' • I l/~ 
I y'T c,._, • " 
: Ii I ·• __ , ... i ~I • , I c 
I ! ! : I':- ! I - - I___, 

. , ' i I 
' I \ L----r-' - / "-/ 

_iL
. . .· 

I 

I ttiA/~1 
! L ! 
I I 

I 

-·-~,:--' - fe.4 
iVE:AIDOo _,,' - -,,. e'l. 
I r.. , "" , 
'. j ,·----- : 
i I 

' ' . ___ J 

' I 

. VEW/)()f}. I 
1 

FL01t1$ 
! 'fl"f £OL ~ : 

--7 reJ 
------> ~' 

> ff* "IE ii 41.. 

l+llnP"fl'!t> BY (a] 
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JI~ LEAD 7IKE - entire tiEe o~ an alenentary cycle ~r JIT pree••~ 

·r FILLED + 1lA!T + MOVED + USED + RETURNED + FILT..ED AGAIN 

T ••• Lead tize 
n ... total nU!!lbers of contain~rs 
D ••• d~aand r11te (number of parts/month) 
c ••• contttiner size (nuaber of parts) 

Than is valid : 

or 
n.C • D.T 

( l'ORK FORCE IN JIT PROCESS) 

J !'r work is 1tu: t it'•Jnl' tienal • 

PRINCir1£:3 OF JIT ~C3K FO~E : 

TO OPERATE SEVE!tlJ. l!ACHI?IBS 

'i'C SHtJT THE '4ACHINE 

'!'C ~Cv"E CNTO "-~C'!'HER JC3 

TO 3£.T UP !!ACH!~!?.: 

!O :!YJ ROU'TUiE 1.tAHl!ENA~:CE 

ro IH3FECT THE FAf!T 

r mrroas ) 

aaximum inventory 

CRCSS - TRAINSD 

IX SEVERAL SKILLS 

Ve11dors ir. JIT process a:-e pa:-tnern o-r ;>roductioA. Their otl i
gatior.s : PI:K UP ~P!'Y cm:rAINERS A:lD '11l'~HDRAVAL KANBAaV CARDS. 

':llAN FILL COtl!AI?iER3 BY .5EM::LPRODTJCTS OR CCPlPONF:~TS AND DELIVER 

JHS':' IN MA!:UFACT1rnn:a PROCESS OR ASSDC9L'! PROCESS WITHOUT 1;;sPEc. 

:'ION - :)T!"E THE COrlFID~l!:E I~ 1!E!100RS QUALITY. 

HRP 
BlT~H FRODUCTION 
NCN REPz:'I'T'I'/E 

J\T 

REPETITIVE PRODUCTION 
C WASS PRODUCTIO~ ) 
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v 'IOPF. FOli.CE MANAGEMENT 

WORKER.3 AM: NOT AFFnfDIX CF XACRINES ! 
, 

Worker ~ nctu4l be~aviour rlepend~G on rules established thro~ 
cenlacta with other peopl~ within production process. 

The fuadaaen\al prineiplea of the busan behaviour app~ach are 
!ls follows : 

The aaeunt ot' ·~rk rather ~epende on the secial conditioas 0 ,r-;;\
2 

surro;.inding the work 
\:._; ~on-economic re•arJs can aotivate we~kers mer~ than high 

wages (~eelin.gs of happenies and security - not to be aa-
impleee) 
~etter to giv• workers s wije variety et' taeke (can etiau
late ?roductivity inereaeir..g) 
Very igportant are eatabliehe~ workers grou),becauee ot' high 
value o~ stan1a~ds o~ behaviour 3lld h~maa relationship crea-
ted '":Jy the gro:1p 

Itf:ERPERSONAL RELATIONS IN GnOur 0-~AVlOUR : 

P~r~onal reapeet 
Pe::-ao-=iel value 

Pertin~nce to the group 
P~~son~l impertan~e 

Persona inadequacy 3!111 rr..istrat.io!l 
Ihdivi~ual involveae~t 

PRINCIFLES OF YICRA FCRCE IUNAGEME~l' : 

f' 2 ; 
'-._../' 

~atch tne •or~er and the j~b.People shoul~ be select~d for 
for ~obs on the ba.!i~ o~ t.h4ir idivii!a:il dit'~erences •n.l 
pre!'ererace3 f'or •ork~Sosae pElople 1&i~ht be a•ked to accept 
too •uch respensi~ility whil~ o~h~r are sere~ to acce~t to 
littl~. 

Cle!lrly \~f!~inf! respo:tsi bi! i ties of t~! worker. 'nlis would be 
~one throu~h writ ter1 job de~eript.ion or statement of objec
tives ·Nhich are <"pt ;Jp to 1ate. 

FINAL REPORT. VOLUME II, Pase 110 



Set star,dards of per~or~anc~,ror all jeba. 

Ellsare c~~unicstins a.~d employee involYe~ent.this is idea 
of the participative management. 

Pr~vice trairaing. Trs.ini~g shoul~ begin the first day o~ the 
~o~.Knowle~5e is r3pidl/ changing and training au.st be cen
tin,Jous. 

Ensure goad ~u?ervisioa.A supervis•r should be com?etent 
in both te~hnology and managesent skills. 

Re•erd people for ~er:for;:ience.Rewards :for per:foraance conB
t.i tutl! the p1•i1te method of C!Otivating people tolisef\s goals. 

llEW APF3CACHES ro llA!JA'HHG PEOPLE AlfD ORGANIZATIONS : 

(!) A bias for sction.Do it - ~ix it - try it. 

~ C:ose to the CU9tozer. 

Autono;&y and entrepreneurship. 

Pro~~ctivity t~rough people. 

~'lnds on 7alue driver.. Th~ ezcellent comp'lrlies haYe identi-

~ Stick to the knittin~. 
(j) ~i~pl-- ~(lr:I!, ler-.n ::tar:r. 

18) Sim•1:::. tlln~o·1~ l~c~e-ti~~t prop~:-t tes. \..:,, 
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11\llEllN ~Tl 0 N4L 
Plt-~TN~~ 
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~! QUALITY Y.A.~A~~ AND ~CN!ROL 

:Jet'ini t ~on : ·;:.J~I'i'I !!AS BEES ~It.NEW.LY JEFI1':1:DAS ·~ITNESS FOR 
·_TSE. !'SE FRO DUCT CR SERVICE Aa:;ETS rHE r.r;sr0EF NEED~ - ~HE FRO

:>UC-l' IS FIT FCR '!'H'S C'JSTG?lER 's :JSE.ONl.Y ?h~ CUSTOMER CAN :>ETER
Kn::; A::xJ ·:r.; MEN?IC~ED FITllESS ?CR USE. 

D~SIONS OF ~UAL:TY : 
Qt1ality of design 
Q~PlitJ- of con:t'orillance 
The abiiities 
Field service 

'!"l1e ~our ~ifrer~nt ~i~en9ions e~ quality are mor~ d..-14.._ ia 
followin~ echeae. 

:"he proc•ss or q~ality planniag and control requires a coati
nuou~ int~r~ction tetween thft cu~tomer,oper&tions and other 
parte ~~r the orgenization. ':'hos!" inter3ctions are creatiag the 
quelit,1 cycl"· 

'I'o im~)lement plar~ing ani.l control o'f -:iuality thro~ the quali
ty crclt requires the fo~lo•ing ~e;uence ~~ steps : 
~ 

\,.!) :'3FI:;::; '~!iA~:7Y A':'TRTE7iES 

0 DECIDE ~CW re nA::n:?.E ~,\~H A'!.''!'RIB'JTE 

(2) JET ~~~LITY STANJARDS 

0 ES:' /..BLISH A?Z :IR:;PECT!ON PROG~:·g 
0 FIN~ AN:> :m•RET CAUSES OF PCOR QUALITY 

® C0!1TI!l\JE '!'O UKE IMPROVEMENTS 

rh@ best a~proach to ~he quality analysis,its improYeaent and 
implementation give ISO ?000 standard series. 
The major ISO 9CGC standard principl~8 are deseribe on follewing 
~· _1guree. 



Different typee of quality : 

Qll~ury Of DESI~ CONCE-PT 

QVA-~l T'f 
Of WRtvfOR.H~c.£ Hi\tJPow~ 

flT1'JE'SS ~\JSE. 

A VA-t LA &1 t.A ry 

FteU> se11.v10>. [ COttPe~NI% 
1 I ~TE G-RJ.Tl 

The qulllity cycle : 

CV<;TOMEg__ 

NEEDS ~PB:JFleS Q~l'( 
.....-----~ f.Ja5~ 

NA-RKer1JJG
tN~ers cusrm 
NCEl).S 
'f.lo~KS Wrt\1 W51t>t1El 
1'V~~'r""1 Peo1>uer~ 
, fl'\ 0"7~T\ON' 

j i<E"CtF\NES N'EED$ 
: TO Fli o~no~s 
i C/tPt\&ft..IT"f 

JNT'f"RPR..\~T10N 
Or ~E'Sl)S 

•INAI. REPORT. VOUIME II, Page 114 



,, ... _ 
~~l 

fflAJIU!. l'fl.€.DtCfJ/15 Dt~os.nt_ Ol.Jee:?"ll/t=-~ = 

- Tb bl>lrBU. ~<JCT~ OF EfJlJIPhF;ftlr 

- 10 PR8eb6 ~IAJAJt f>F /'M('A{/lv~ 
- 11J 'l'P-ecet>G- ~A/0111~ ~~ 
- TO ~A-~ 'ff::oPlE IA/ 110/UqN G- fRtJCfJ-('.(' 

77DIJ: 
- IN~c IN~ rrre 'JC.TwlEEN OVEfllP.~ 

(~tJvcctJ h41N~NkNct- eos:rr) 
- V"/fl-Tl.J,+c... &UlrrA.J*17DJ.J IF VN~ Z~o~IJ!' 
- El/'11Nln7oN PF 8Eei>IJbltR>f 'l>El1Mt 
- EL!h1N4f7or./ OF f!.o'1Po11EHJI ~~re 
- 1?5-J>r)q/ON Or- {MRe ~ 877Jf!I:. 

- /lE- f)u~7oN OF- RcPlt fl, }>()Jl.A.t/OllJ 

- ~el.E-~~~ PO~!'&lt/7'( OT '1>1?srl.AJf!lltlE- ~J)fJ111N 

h~JAJc UJllJbrnON /Nb!U7lJU 

~P5f4f.n) fll;.. ~WH61tlr 
IV~ /)6-P..R./.( 4-N~'fC/,C 
1\ eous.. "fl~ c-111.r.rro"' - A101ce 
f1+e/{1AJ'{3f Vt&!!A-1/orJ 11A1N ~OF 1'1/>r.eH(!JAJn-no/\J 

11fE- 11'1N ~NC PF '16(J+{tHJ/C#t, VI& P.Af!N(j- df '/l(J7'-f111J;. ~ f)p 
11~/fl/GI ~ 

(/AJ J.~L./+Nf!:e 

}tt.t,f.L/ ~H~.,

&~r .S!f~r 

116CIM-Nt~ LooreAJE.r.r 
R./::.J'o~...,.., et 

Cl..!nCA-l /lEVlJtJ) TI OAJ.(' 

OIE~OIV#- lJNmt.tLl77' 

~H14-().E]) ~ TEZT!f 

&EU...!N? F4-tJlT.J' 

CIJ}f Po~-1141 
.!JG-IJ C'f ~I/ 

~'1 .f P f!hJr 
If O N !'lf)/ll N fi-
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,, 
VIII 

FEASIBILITY SnIDY IN INVESTMENT PROJECT CYCLE 

The rneaniog and objectives of an industrial investment project. The 
pre - investment. the investment and the operational phases. 
The role of partners: investors, promotional a9encies, commercial 
banks, suppliers of equipment, export credit insurance a9encies and 
consulting firms. 
Types of documents : 

OPPORTUNITY STUDY (GENERAL O.S.,SPECIFIC PROJECT 0.S.) 
PRE - FEASIBILITY STUDY 
SUPPORT <FUNCTIONAL ) STUDY 
CASE - STUDY 
FEASIBILITY STUDY 
APPRAISAL REPORT 
REHABILITATION STUDIES (DIAGNOSTIC STAGE) 
TENDER DOCUMENTATION 

t3sic aspects of ere investments studies (strategic orientation, 
sccpe of the project. data for pre - investment studies, selection and 
verification of alternatives, total investment costs) 

Feasibility study :- summary of project back9round, 
- market analysi3 and marketin9 concept 
- ~ompe~iticn and market expasion st1ate9y 
- raw materials and suppliers 
- location. site and environment 
- production programme. plant capacity. technology 
- organization and mangement 
- mampcwer, training plan. recruitment 
- implementation, budgeting 
- financial analysis 

,;·WERNMENT I~STP.IJCTIONS FOR INVESTMENT PHASES ELABORATION 

PROJECT TEAM ACTIVITIES 
- The role of team leader 
- Main principles of team work 
- Team members tasks and co - operation 
- Methods c! international projects co - ordination 
- Charges of the team members work 
- Timeschedul and implementation 

EXAMPLES OF FEASIBILI~Y ST~DY 
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Preo1r1tion 

PRE-FEASIBILITY STUDY FFASIBIUTY STUDY 

' 
I Jen ti fication 

SUPPORT STUDIES Appraisal 

/ 
/ 

OPPORTUNITY STUDY 
APPRAISAL REPORT 

~ /~ 

" / .. · ' / .-----------, ~--------, '-..,. PRE-INVESTf.tENT ,,, 
Expansion 
Innovation 

" PHASE // Negotiations and contr1eting 

Replacement 
Rehabilitation 

'-.... / 

OPERATIN~ '-/ 

PHASE {NVESU1ENT 
I PHASE 

I 
I 

I 
I 

Engineering design 

Construction 

Commissioning and start-up 

I 
/ 

/ 
I 

/ 

Pre-production marketing 

r--·~--------, 

I Traininy 

Pf'frJ!lTVN1r, ~f11J.tltf11 /'R.o.J~ar PIUJJCM- S'IH.r/Nf-
/OEA srvDr A-fPllff1sA-L sro1>'f ~~R., ~OMr'ttJlf/ t;RfZWI~ PorN1 

c==.L1~~--J1--~~'-.J.'.~r~~-~--J1--~~'l--~~--C~~~--
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[1] 

[2.] 

[3] 

['t] 

[~] 

[7] 

[1o] 

G2 

SOUfiCE.S 

R.. &~NNET : OR..G-AM .Sft-710N kN[) M~lt-G-cMEAJT 

{A-~ - stv1>y AN1> 1l£v1.s10N PM!., ~rr11~ ,.u1.ui:.H1N' 
LOM DoN wet£ ~ Aij , 1qae) 

J. 8. DILWOllTH ~ DC~ING-1 P~NAJIN(;.1\-ND CON7P.JJL 1i>!l 
'1~NIJF!t<!-TUIUAJ6- A-Nb Sefl.lltc.ei' 

( 0P5R.M"t0AJ~ ffffilt-tn;lterl.JT, f'fqt.){tJNIVE~tN CF klA:-&,f-ffA-) 

~ .G-. SCffR.oE-J>f;fl: JEetSs(oN HA-KINf- IAJ THc OPfSflA:no~ 
rv1.Je:noN 
{ OPERA.-TION.S. HMIJ~<>E-l'fa.Iil 1</R~ )fVN!~fffl.St71 PFH!N'IC~O.,.) 

8Po : f'elr-Sl&t L/TY Sroi)y OF F'ER.eUH rR..'IDVr-#Jr 
( fl(}J~r ff-Nb re.r1&tJ STlJ])'f, f'fS~) - D(TllA-1/lt 
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J iii P u j m a n. Plul 1992 

STRUCTIJRE OF CNC CX>NTROI. SYSTEMS. 

Summary: This paper deals vith CNC control systems of Machine 

Tools. The basic terms of this problca arc explained 

vith the world progressive design "tendencies. The 

level. reached in CSFR is characterized. 

1. Development: and production of CNC cont:rol syst:ems in CSFR-

Un'til 'the year 1990 "the production of t:he au'tomat:ion means 

and mainly t:he control sys'tems of the machine 'tools vas secured 

by 'the 'tvo main producers 'the elec'tronic f ac'tories of 'the 

concern Tesla and Krizik (earlier ZPA). These fac"tories had only 

very limited possibjli'ties for 'the research and development. Tha't 

--as 'the reason, vhy design of 'the hardware and sofnrare of t.he NC 

and C~C con'trol sys'tc~s was concentrated mainly in 'the Research 

Institute of Machine Tools and Machining - V(JQSO Prague. The 

hardware development of 'the la"tes't models vas done by 'the firm 

VUAP in accordance with the VOOSO projcc't. 

The goal of 'this ac'ticle is 'to make clear the sof"tvare and 

hardware structure of 'these CNC systems. From this point of viev 

is useful to repca't the basi~ terms of the NC control. which vill 

be used later. 

2. TI1c basic terms of the: Nuincrical'!y Controlled Machine Tools 

The NC machine is derived from 'the conventional production 

machine uy the completing of all moving ux~s vit.h drives and 

measuring systems, \o'hich are able to give the exact information 

about an actual positi•m. The drive Yith the measuring system 

crea~e a feedback ci1·clc - 1hc servo-loop (fig.I). The communded 

position generated by the ~C control sys'tems is brought in its 
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input - the differential unit. This command is derived from a NC 

program - the geometrical and technological description of the 

working operations. 

Not only the motion of the 

·miscellaneous· functions like 

moving axes but also many others 

clamping of the workpieces. 

cooling. lubricating. locking of the workspace etc. must be 

automated. They are controll~d by the output commands for the 

electromagnetic relays and their action is checked frc.m the srate 

of the end switches on the inputs of the control system. 

The first control systems occur in 1950 th. Their great 

development starts with the transition from discrete electronic 

clements to the integrated circuits; it means from second to the 

third electronic generation. In the fourth generation the 

computer appears in the kernel of the control system. The system 

is called CNC (Computerized Numerical Control). The using of the 

computer enables the higher variability and simplicity of the 

hardware and it brings the possibility to make the different 

models of the control system only by the software changes 

(fig.O). The minicomputers. which had been used in the first CNC 

systems are replaced by a structure of 16 or 32 bits 

microprocessors now. The perfarmance of the systems is graving 

up. Also the user·s comfort is rising up. The capacity of 

a memory for the technological data goes to 0.25 - 1 KByte. The 

handling of the system is more simple by using MENU technique and 

more comfortable and convenient by using graphic. 

A modern CNC system may be divided from the logical and 

often also from the physical point of view into three parts 

(fig.2): 

NC - Numerical Control i3 the basic part of the system . Its main 

task is to shift over the NC program commands into the motion of 

the machine axes. It is fully realized by the CNC syst~m 

manufacturer~. The changes of its properties are possible only by 

setting of the parameters d~fined by a system producer - machine 

constants. 

PLC ( PMC, PC) · Programmable logical contro is the part which 
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creates the interface betveen the control system and the machine. 

The control system manufacturer provides only the hardvare and 

softvarc means of this part. The machine electrodesigner must 

define the logical segments and conditions by creating working 

algorithm (a program of the PLC part). He does it in dependence 

on the aciual connections of the inputs and outputs with contacts 

of the machine and utilizing of the means vhich gave him the 

producer of the control system (the program languages. libraries. 

subroutines etc.). 

COM Communication control is the system part responsible for 

the input, output and file managment of the technological data 

and often also for the cammunication with the operator panel and 

the control system peripheries. It is again realized by the 

system manufacturer but the unrepresentative demands of the user 

are solved as options. (DNC communication. the expansion of the 

memory capacity or the increase of the operator•s comfort by 

using the graphic or NC programing facilities). 

The NC - PLC - COM communication is rendered possible through the 

part of the system memory the window. The window creates 

interface with the exactly defined meaning of all communications 

messages. state words. bytes and bits. 

3. Typical hardware structure of the modern CNC systems 

The kernel of the system is created by the Processor Unit 

serving to one or more logical areas NC. PLC and COM. The 16 bits 

processors Intel (8086, 80186, 80286) or 32 bits processors Intel 

or Motorolla are typically used. 

the mathematical calculations 

Their performance in a field of 

is often increased by the 

ari t:.;,1 .... : ~cal co-processors, in a fie Id of communications by the 

input/output co-processors. In this unit used to be realized also 

an EPROM memory for the system software with the capacity up to 

0,5 H6yte and the= cash type DRAM work memory. Also several 

support circuits (inte~rupt, control of the bus) is often on the 

same unit. The communication with peripheries uses mainly serial 
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RS 232 - C interfaces in the modern CNC systems. Sometimes they 

form the special unit. but sometimes they &re included in the 

processor unit. 

The unit for the communication vith the machine tool is 

called Input/Output Unit. The inputs used to be optically 

separated from the machine end switches. the outputs are rated at 

0.2A 0.4A !A or 2A. depending on the current necessary to control 

the machine relays and contacts. 

The very important unit is the Memory for the Technological 

Data (NC programs). The typical solution uses CMOS RAM type 

memory vith the battery back-up. Its capacity depends on the 

users specification and changes from 32 KBytes to 1 MByte. 

The Operator Panel exists in tvo design varia~ions. The 

older uses a design typical for the terminals of large computers. 

The panel has its ovn processor and the communication between it 

and the system has the form of characters or special messages. 

The modern variant is realized with the video RAK memory in t~e 

system and the communication is of Lhe same type as the EGA or 

VEGA cards in PC computers. For connection of the panel keyboard 

is used the standard serial communication. 

The most important unit is the unit for controlling 

servo-loops called the Differential Unit. The inputs of this unit 

are the actual position data. The outputs are commands for 

servodrives. 7he unit exist in analog (older) or digital (never) 

version. Basically there are two variants - the active unit. vith 

its own microprocessor or the passive unit, that uses the 

services of the central processor unit. 

The global performance of the system depends on the 

interconnections of units (fig.3). The systems realized vith all 

units on one central bus are limited by the bus through transmit, 

that decreases the ability of the parallel working processors. 

The solution vith several buses is powerful but expensive. 

The cheapest one processor systems, with one common 

processor for NC, PLC and COM parts, are no~ restricted by the 

performance of the central bus, but they are s~rongly limited by 
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the necessity to divide the operating ability of the central 

processor betveen the ta~ks of the all three areas. Therefore 

they use the 32 bits microprocessors of the high performance and 

they have minimum units on the system bus. 

The most common design of the middle price category use one 

processor for both NC and COM area. The other processor is used 

for PLC area. Very often is used the common bus ( ~hapter 5.). 

the solution with two busses is not used so much. but it provides 

the higher performance. 

The most expensive systems have for each of the NC, PLC and 

COM area the ovn processor unit. The communication betveen these 

areas is through special "more-gate memory• or thr~1gh a memory 

on the system bus. 

The latest tendencies in the design are to incorporate into 

the structure of the CNC system the IBM PC compatible computer. 

This computer can be used for NC programming. communication with 

the host computer, user comfort in the file managment area etc. 

The nevest results in these fields can be incorporated into this 

type of the control systems only by the change of the computer 

softvare. The common connection of this IBM-PC computer vith the 

control system is the vay of connection of the data periphery. 

Sometimes there are the special gates betveen the computer bus 

and the CNC system bus. The most progressive design tendencies, 

to use the computer as a basic part of the CNC system and to 

complete it with servo-loop units ( motion controllers) and PLC 

part, are still quite seldom. 

4. Principles of the softvare design and its structure. 

The design of the CNC softvare modules depends on the tiw~ 

demands of the simultaneousiy active tasks in the logically 

independent NC, PI.C and COM area (fig.4). 

The NC part, as the most important area responsible· for the 

motion control, is kept in the time necessary for servo-loops 

control. For the common extend of the vorking speeds (10 m/min) 

FINAL Rf:PORT, VOUIMf: II, P1~r ll~ 



- 6 -

and common curves of the generated trajectories is this NC time 

interval 5 - 20 ms. 

An extension of the time period leads to the errors of 

generated trajectories; an abbreviation leads to the overload of 

the NC processor unit. The time interval for the closing a feed 

back of the servo-loops 1s 5 or 10 times shorter and it is often 

served by a processor of the differential unit. The NC area 

communicates with the machine through NC 

interval for this communication is 50 - 100 msec. 

PLC vindov; the 

The time interval of the PLC part is done by 1 cycle of the 

PLC program. This program derives from the machine inputs and 

NC-PLC window status the output signals and the status of PLC 

- NC vindow. It is suitable to design the PLC program in such 

form. that PLC cycle will not extend 100 - 200 msec. During this 

time period the high speed inputs can be served by the interrupt 

technique. This has only little influence on the NC - PLC 

communication. 

The keeping of the COM area in time depends on the time 

demands of the communication channels, the admissible time of the 

keyboard reaction, and the time for the next NC program block 

transfer. There are no special problems, when this unit is 

equipped with an own processor. 

The usual control of the synchronization of software tasks 

in the modern CNC system is on fig.5. The most of the tasks is 

subordinated to the Real time executive operating system. This 

system secures the interprogram communication, synchronization 

and their scheduling and running depending on the priorities . If 

any program task is interrupted by the task of the higher 

~riority, the operating system makes possible to continue the 

execution of the interrupted task after all the programs with 

higher priority have been finished. 

The task, which is superior over the operating system, is 

the ~ransfcr of the data last interpolation results to the 

differential unit of the servo-loops. This task has the form of 

the special interrupt service routine for the basit,; time 
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interval. The operating system is master of the whole process 

control after finishing this routine. It chooses the task with 

the highest degree of the priority and makes it running. This is 

the interpolation: the task for calculation of the servo-loops 

motion increment for the next time interval. 

It must be finished in the time shorter than the basic time 

interval of the system is. In the rest of the time interval the 

control system executes the tasks with lover priority ( the 

communication through NC - PLC and PLC - NC window. the preparing 

the next program block. the communication with the operator. the 

position displaying. the edition or preparation of new NC 

programs. etc. ) 

The structure of a task is simple (fig.6) . After an 

initiation goes the task to the exchange - the mail box. where it 

waits for the messages from other tasks or from operating system. 

After receiving the message the 

the message. sends messages 

task starts its activity. solves 

to the other tasks and after 

finishing it. it goes again to wait for another messages to the 

exchange. 

To create the CNC software is very complicated and in takes 

more then SO man-years. It is suitable to use all modern 

information means like high programming languages. efficient 

operating systems. communication or graphic routines etc. But 

these means do not use always the CNC hardware by the most 

effective way. The capacity of this hardware is in comparison 

with a computer hardware very limited from the price reasons. So 

we must find the reasonable compromise bet~een using modern 

programming technique with a shortening the software developing 

time and fulfilling the users demands without expansion of CNC 

hardware. 

S. Basic data of the CNC NURIS systems 

The last developed generation of the CNC control systems in 

Czechoslovakia is called NURIS- NS 730. The project of the system 
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and the system software vas made by vUOSO. the hardware design by 

vUAP and the production by Kiizik. 

The system is determined for middle degree of the machine 

tools intricacy. There are tvo variants - for milling and turning 

machines. 

From the user point of viev is the system very comfortable. 

The handling of the system is made simple by the MENU technique 

of operating • the system has more than 10 standard ~ype of the 

display pictures. the programming language has three degree ( ISO 

standard. programming language like Pascal vith arithmetic. "logic 

and control functions and the graphic dialogue for programing 

from the dravings). the simultaneous cuttin6 and program 

preparation is possible. 

The system has also a possibility for completing the high 

demands of automation (an adaptive control. an active control 

vith touching probes and sensors, the systematic errors and 

temperature errors compensation etc.) 

The hardvare structure corresponds to the system vith common 

bus and only one processor unit for the NC and PLC parts (fig.3. 

chapter 3). The Intel 16 bits processors and co-processors are 

used. The technological data memory is expandable to 256 KByte. 

the number of the machine inputs and outputs to 512. The _display 

is monochromatic 12" vith graphic possibilities (fig.7). 

The softvare vas developed in accordance vith principles. 

described in chapter 4. It takes approximately O.S HByte of the 

system EPROM memory. It uses services of the standard Real time 

executive system RMX and the standard means for processor 

communication. In time critical sections the program language is 

Assembler, in tasks vith lover priority mainly Pascal. The module 

structure enables the next development of the system. 

The CNC NURIS (fig.R.9) could be marked like the middle 

class CNC control system vith some luxury functions (like Fanuc 

0, Sinumerik 810, Bosch CC 100). 
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6. Si~ua~ion on ~he C2echoslovak CNC marke~ 

The electronic production in all countries of ~he former 

Eastern European block ( USSR. CSR. NDR .... ) was charac~erl-stic 

by relatively high technical level of ~he design bu~ a low 

production quality and reliability. Basically it was impossible 

to use imported electronic elements for the inlands 

manufacturing, the production technology was on a low standard. 

This facts were increased by the machine tool industry 

stagnation, caused partly by ~he world disarmament, partly by the 

privatization process in CSFR. It leads to the crisis of the 

Czechoslovak electronic industry. 
These are the main reasons why the Czechoslovak CNC control 

systems are practically unsalable. Although the NURIS control 

systems are, 

some special 

quality, are 

after great hardware 

integrated circuits. 

these systems rather 

redesign and after imported 

in a relatively very good 

the evidence of the good 

standard of Czechoslovak research and design than the effective 

productive device. 
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CNC - Control SysteMs o~ Machine Tools 
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Jiti P u j m a n, PhD 1993 

RETROFITTING - THE WAY OF EFFECTIVE USAGE OF THE OLD MACHINES. 

Su:mmary: This paper deals with 

old machine tools 

si•ple retrofitting method of the 

by the modernization of their 

electronic equipment. The attention is given mainly to 

the completing of the conventional machines with t..he 

positi~n measuring systeJIS and readouts and to the 

exchange of the old fashion control systems of the old 

NC machines by the new one. 

1. Introduction. 

The Czech republic was and is highly industrialized country. 

It used to be among leading nations in word in production and 

utilization of machine tools. The long time orientation to the 

East European market led to stagnation in the technical level of 

the produced machines. Their mechanical quality was traditionally 

good but their electric and control equipment was not reliable 

enough and not very progressive from technical point of view. 

With this fact is connected the lack of the capital for great 

investments necessary to the modernization of our machine park by 

brand new machines. This modernization is necessary for 

increasing of the automation degree which is the most effective 

way to the pushir~ down of the production costs. 

The one of the most reasonable way, how to solve this 

situation is modernization of the used machine tools called often 

"retrofitting". Under the term retrofitting of the machine is to 

be understand not only repair of the machines, but the completing 

of them with new mechanical and mainly electrical elements to get 

some more progressive properties, mainly from automation point of 

view. The conventicnal machine tools are often equipped with 
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measuring systems and position readouts, the NC machines give the 

new quality by the replacing of the old control system with new 

anc powerful one. 

The retrofitting is not the special solution for the Czech 

republic with its nowadays economic troubles. It is the way how 

to modernize the ~rod·1ction park of every company with limited 

financial means. It is very often used in many European countries 

as Austria, France, Dutch etc. In every from these countries are 

companies that are oriented on this activity and that are in this 

field very successful. 

2.The degree of retrofitting. 

There are basically three levels of retrofitting, used most 

often. 

a/ The completing of the conventional machine tool with 

measuring system and readout of the position. This makes possible 

to higher the accuracy of the machining and to shorten its 

duration as the value on the readout is more accurate and much 

easy readable than the value which must be read from mechanical 

or optical position devices. This ~ethod is the simplest and 

cheapest one and though the most common. 

b/ The replacing of the old control system of the used 

machine tool with the modern CNC system. The reliability of the 

machine is growing up and the machine often gets some new 

functions which increase the productivity and often the quality 

of the machining (simultaneous movment of several axes, parallel 

machining with the program preparation etc.). With this type of 

modernization is often connected the total rewiring of electric 

installation and the rebuilding of all electric boxes. That is 

the reason why this method is not very cheap, but in its result 

is very effective. 
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c/ The mechanical rebuilding of the conventional machines. to 

the modern CNC machine and completing them with servo drives, 

measuring systems and CNC controllers. This method is relatively 

expensive and it is effective only 

technical state. The rebuilding is 

for the machines in very good 

often done with the help of 

subassemblies composed from gear boxes, 

systems which are connected to the slide 

instead of manual handles. 

3.The retrofitting steps. 

drives and measuring 

(tables or supports) 

It is necessary to check the whole machine before the start 

of retrofitting. As the first step, we must check all the 

functions of the machine and to repair those of them, which are 

for the next modernization important. Then it is necessary very 

thoroughly check the mechanical state of the machine tool. f'.lainly 

the accuracy of the machine (guideway straightness and 

parallelity, spindle rotation errcrs) and the state of the moving 

screws, gear boxes and drives are often 

determine, if the modernization would 

the factors, which 

be effective. Very 

important is also to consider the stiffness and rigidity of the 

whole machine, that can be only very seldom improved. 

In the next step it is necessary to prepare the project of 

the whole modernization. One part of this project is the term 

plan for the sequence of activities, when the machine will be out 

of the operating state. 

The technical preparation of the whole action is the next 

step. The new mechanical and electrical parts must be designed 

and produced, the standard parts must be bought. Only when 

everything is prepared, the machine will be taken from operating 

state. 

The first step is mechanical repair of the wrong and 
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unaccurate parts. Only then all new parts can be assembled. The 

last step of this assembly is to connect the measuring devices 

and check their function. Then all electric changes and rewiring 

must be done and the electric devices must be completed. 

After it, all the function of the machines must be check 

from both mechanical and also automation point of view. If 

everything is working properly, the mechanical setup of measuring 

devices, electrical setup of the drives and control system and 

function setup of the electronic with machine constants must be 

done. At that moment we got practically the new machine, which 

can be father checked by the standard procedure (laser 

interferometr). 

4.The means of retrofitting. 

T:1~ main effect of retrofitting and its price effectiveness 

is in the fact, that the main part of the job is only the 

assembly of some standard parts and devices. The retrofitting 

company buy the indirect (mainly rotary encoders connected to the 

ball screws) or direct (linear optical scales) measuring systems, 

digital reado1Jt, electric drives and electronic central units 

from standard suppliers. The reain job of this company is to fix 

this devices in proper way to the existing machine and to do the 

necessary electrical changes. Every company tries to develop 

small set of suitable fixing devices for this purpose. 

For retrofitting are used mainly the standard linear scales. 

They can be relatively easily clampe~ to the machine and covered 

against the chips and cooling liquid. This paper is not meant as 

description of the detailed technical solution. In spite of it 

let me to describe shortly one type of measuring system, which 

was for this purpose developed by VUOSO Praha and which is proved 

to be very ~uitable from all points of view. The name is LIMAT. 
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5.LIMAT - linear measuring systea. 

LIMAT (fig.l) is fully covered linear measuring system of 

position with high accuracy, resolution and repeatibility and 

easy mounting on the machine due to self guided scale housing 

with IP 67 sealing. The output signals are fully compatible with 

incremental optical encoder standard. The device is highly 

reliable with long service life. 

It is inductive cyclically absolute measuring dev{ce with 

pitch 2 mm. The fix part has couple of bifillar coils with exact 

pitch, the removable part (slider) has one bifillar coil for the 

exiting of the fix part. The slider is powered with AC sine and 

cosine input (resolver format). The outpl!t is amplified and 

transformed into standard incremental form in special electronic 

unit IHDUKT, that also secures the piping of the measuring 

device. 

LIMAT can be easily used on all devices to measure the 

position in the digital form. Small size, easy mounting, perfect 

sealing and repea~ibility in 1 um are the main advantages of this 

device. 

6. Conclusion. 

Retrofitting is very effective way of encreasing of the 

automation degree on old machine tools. It can be done relatively 

easily by a small group of people (3-5) and it can : ring very 

good results for both the user and the retrofit~ing company. Its 

main advantage is that uses mainly the existing elements and 

devices and it has relatively smalJ claim on expensive machines 

or spec~al technology. It can be re~ommended mainly in countries, 

where the capital for modernization of machinery is limited. 
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Jiri P u j m a n • PhD 1992 

STATE OF nm FLEXIBLE MANUFACTIJRING SYSTEMS (FMS) CONTROL IN CSFR 

Summary: This paper deals vith Flexible Manufacturing Systems for 

machining. The structure of this systems is described. 

mainly from control point of viev. The level. reached in 

CSFR is characterized. 

1. The FMS as Means of Small-lot Production Automation. 

Tl1e efforts pursuing the increase of small-lot production 

effectiveness have led from simple utilization of numerically 

ccn~rolled (NC) machine tools to their group application and 

finally to building of so called Integrated Productional Section 

(IPS) and Flexible Manufacturing Systems ( FMS). 

The FMS are characterized by an interconnection of NC 

machines by means of interoperation transport of workpieces, 

tools and other production aids. In this way their operation cu.n 

be more easily planned , checked and ~onsequently also managed 

and controlled either by a dispa::~her or by a computer. Human 

participation in the FHS production process is ·limited 

practically only to the input and output places of :he system. 

The FMS systems r~present a new quality of production 

automation. Their fully automatic function is guaranteed not only 

by ingenious machines, transportation systems and manipulators, 

but mainly by high adaptability of centr3l control system, vhich 

continuously keeps operation of all subsystem under review. The 

control system's optimi~ation programs striving for 

possible productivity of the system, make possible to 

hight:st 

pass the 

most advantageous commands, relating to the next operatio~. to 

all subsystem. Emphasis is laid on" high intelligence" of all 

controll~d suhsystcms whi.;11 prevents of overloading master systt:m 

with info~mation about s~ch fELilures they are capable of coping 

with themselves. 

f. INAL RE:PORT, VOLUME II, Page 140 



- 2 -

Grea't a'ttention mus't be paid to an easy idenlifica'tion of 

all workpieces. tools and production aids in 'the system, so tha't 

the related information lost due to a control system defect could 

he automatically restored. In places where human intervention 

into information flow is necessary, a consistent checking of 

input information must be carried out. 

2. TI1c Design Aspects of the FKS 

Every production system is composed of the three main parts: 

a) the workplaces 

h) the storeplaces 

c) the transportation means 

The connection of these parts can be realized by the fix way 

(fig.la) (the transportation system goes through 'the work and 

stnre places) or by the flexible vay. (fig.lb} ('the 

transpc>rtation system goes along the work and store places). The 

first way creates the fix production lines (transfer lines), 

suitable for a mass production. The second way is suitable for 

flcxihlc manufacturing systems, the means of small-lot 

production. 

The FMS systems can , from the space point of v~ew, form 

a line along the store places. Than a rail transportation system 

is convenient. (fig.2a) The same is good for the systems vith 

central storage (fig.2b) or with several production lines 

(fig.2c). Th<.! small FMS systems can ht.! rcalizrd also in a circle 

for·m with the central transportation robot (fig.3) The most 

f~cxiblc systems have 'w'Orkpluces freely .situated in spac..;e. The 

tr·ans1.mrtation hetwccn them is renJcrcd possible by inductive 

Jell tracks o:- by NC portal cranes (fig.4). 

The hasic FMS sub.systems are: 

a) The production machine tools ofl<;:ll called Technological 
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Modules (TH); they realize the machining process. The 

prerequisites of their operation are: a correctly adjusted 

workpiece, necessary tools and a corresponding machining program 

with tool and workpiece setting data. 

b) Checking stations end measuring instruments. Their task is to 

perform independent checks and to transfer the obtained results 

to the computer which controls the production process. The 

conditions for their activity are the same as for the TM machine 

tools. 

c) The manual wo~k stations, where special operation, that is 

very difficult to mechanize, are done. Based on the DNC commands 

and the present workpiece does a man the demanded operation and 

after finishing it reporLs the results. The work aspects are 

again similar ~s for the TM. 

d) The central transportation systems of tools, workpieces and 

production aids; these systems provide for transport between 

machines and store-rooms. The prerequisites of their functions 

is completion previous activities of the manipulators. 

e) The workpiece and tools manipulators or robots; they transport 

workpieces 4nd tools between the clamping points of the machine 

and central transportation systems. Their activity is conditioned 

by the commands obtained from the NC machine and central 

transportation systems on one hand and input of objects located 

at the points of manipulation on the other hand. 

f) The storeplaces for workpieces, tools and working aids store 

these parts and secures their transfer from or to the 

transportation system under the command of the store control 

system. 

g) Input and output workplaces. Based on commands given by the 

production process cont!"olling computer and according to 

information reporting that the transport to these places has been 

completed, they identify workpieces, tools and production aids 

which either enter or leave the FMS. 
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3. Characteristic Features of the Individual Control Levels FMS 

The FKS is composed of production machines, manipulation 

means for handling workpieces, tools production aids and chips, 

further by checking and mea~.uring machines and control facilities 

intended for automated control of the given equipment:. From the 

aspect of governing the FMS represents a complicated regulating 

system which controls a number of mutually coupled functions that 

are taking place simultaneously.The input data are specified by 

the production plan . The system operates according to this • due 

regard being laid to the instantaneous condition of all elements 

of the system. The aim pursed by the controlling activities is to 

attain the maximum possible productivity on the specified 

assortment:. 

The activity of the control system of ~he FMS can be divided 

into two groups (fig.5) 

1) The OFF LINE operation. that means the activities. which 

can be prepared before the control process starts and which have 

loose feed backs often implemented by man. The main function of 

the OFF LINE actions is planning and preparing the production 

process control, the task of which is to secure, based on a long. 

term production program, the plan of activities for the next day, 

due regard being given to the result~ of the previous day. In 

addition. also such requirments as the supply of semi- products 

and necessary tools have to be taken in consideration. 

The next important function is the technological preparation 

of the production. This means not only the automatic generation 

of the NC partprograms, hut a1~o the keeping and managmcnt of the 

central technological data base. 

2) The ON LINE operation , mainly the direct control of th~ 

production process, embracing the control of activities of all 

equipment: employed in the FMS , with firm feed - backs. 

Th~ FMS operation is controlled by the production process 

control (DNC) com!>Utcr. Its task is to specify the best 
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operational conditions of all controlled subsystems and to issue 

commands and data concerning further activities. 

The high number of subsystems specified in chapter 2 clearly 

indicates that it is impossible to control the functions of all 

the subsystems by the only one central control system. From this 

aspect the control structure in the FMS can be divided in~o three 

groups: 

1) Production Process Control System (DNC -level): 

In hierarchical order this is the uppermost control system 

in the FHS; it gives commands to the individual controlled 

subsystems, but does not control directly their operation. It 

also forms an information base of the whole system; it utilizes 

a control minicomputer capable of the real time control and is 

ready to cope with the work dealing with extensive amount of data 

sets. 

2) Control system of central transportation, measuring and 

checking stations and technological modules (CNC-Level) These 

subsystems handle the eommands coming from "the DNC system 

according to the momentary state of the controlled processes. 

They control namely the moving axes (servo -loops) of the 

machines depending on NC program the geometrical and 

technological description of the ~orking operations. These 

subsystems have a high-grade "intelligence" of their own and 

"liberty of making indcpc~dcnt decision". 

even control directly th~ final control 

In some cases they can 

elements of the managed 

units, sometimes they generate commands 

the lowest grade. They pass on all 

operation complt::tion or failures to the 

3) Systems of the final functional 

for control systems of 

re~orts relating to the 

DNC computer. 

control (PLC - level) 

These are control systems which, on the basic of commands 

given by superior-grade systems and input signals f•om machine 

end switches, directly ccmtrol operation of final functional sets 

it means the relays or contact switches. Practically, they cannot 

make any decisions - thej can only delay the performance of the 
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next operation till the previous one has been completed. They use 

mainly programmable controllers. They pass the failure reports or 

information about the operation completion to the superior 

system. 

4. Structure of the Control System Hardware and Sof'tware 

The design of the control system hardware s'tructure had gone 

through three stages. 

The first FMS systems had been build around the high 

performance central DNC computer in star-like type. It enabled to 

connect CNC and PLC systems of different types and producers by 

the creating special hardware and software interfaces. The 

communication with OFF-LINE activities (CAD, CAM ) was made by 

a man (fig.6). 

The later FMS Systems were connected to the Local Network 

for CAD, CAM directly. The DNC computer was the member of this 

network. The solur.ion of the interconnection CNC and PLC levels 

to the DNC was the same as in the former case, by special 

interfaces. The ~ctivities of ~he DNC computer could be divided 

he tween several smaller computers ( IBM PC compatible ) , the DNC 

computer served only as "translator or communicator" (fig.7). 

The most progressive FMS sy~tems use the powerful Control 

Network for all CNC, PLC, DNC communication and also for 

connection with CAD and CAM area. The control system producers 

must subordinate their systems to the demands of the network 

communication (fig.8). The whole DNC control area can have the 

bus type or rink type of the configuration. 

To design one Control Network for the whole CIM area is not 

simple. It means to unify the software and hardware means of 

communications betW'ccn computers and control systems producers. 

The great deal in this field harJ m<..1de the Gencr·al Motor Company 

""ith the proposal of the MAP ( Manufacturing Automation 

Protocol). This protocol has 7 levels 1 ike the ISO computer 

communication standard. The lower layers solve point-to-point 
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connection. the middle the reliable transport vay and the upper 

the system translation of data and commands. 

The MAP. although is very expensive. is very progressive 

communication system; the MAP enables to build FMS system vithout 

preliminary knowledge vhich control systems and from vhich 

producers will be used. 

Softvare of the FMS system is alvays organized under the 

control of some Real time operating system. The individual tasks 

have determined priority an the operating system solves their 

scheduling. running stopping or interrupting. The modular 

conception is necessary for the later development of the system 

and realization of nev user demands. 

S. The state of ~he FMS systems in CSFR 

There vere strong tendencies for the FMS building in CSFR 

10 years ago. After completing several Integrated Productional 

Section - the NC machine section vith central transportation 

system. the relatively great government projects for FMS started. 

These projects vere coordinated by YUOSO - Research Institute of 

Machine Tools and Machining, vhere was also solved the control 

part of the whole system. 

Three typical solutions as a "key " installation vere realized. 

It were the large and small systems for non - rotating parts and 

the system for rotating parts. 

These systems vere basically in same form several times 

repeated. Because of the great stagnation in machinery and 

because of lack of money for such great projects, the research 

and developing works on FHS systems vere interrupted several 

year~ ~g.,. Against of it, it may be interesting to describe the 

results of the FMS 400, that was between The 5 best systems on 

the world in 1985. 

6. FMS 4u0 for Non- rotating Parts in TOS Olomouc 
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The most progressive Czechoslovak FHS system was the FHS 

400 for machining of nonrotating box type workpieces 400 mm in 

size. which was completed by the end 1984 in the TOS Olomouc 

machine tool factory (fig.9.10)_ 

The production units of the system are composed of 

continuously controlled Technological Modules (TM). Under the 

term TM is to be u~derstood an assembly consisting of an NC 

machine. workpiece and tool manipulators belonging to the given 

machine (fig.11). The bases of the TM in the FMS 400 are 

horizontal machining centers with a rotary table. three. linear 

axes and a spindle controlled in a velocity and position loops. 

These machining centers are completed with workpiece manipulators 

having the form of shirt-over and rotary tables along which moves 

the technological pallet with clamped workpiece. Further. the 

machine is provided with tool manipulator and magazine that can 

accommodate up to 144 tool units. 

The connection of the TM to the central transportation 

systems is shown in fig.12. 

The central transportation for workpieces placed on 

technological pallets comprises a double-rack along which travels 

a stacker crane which transports the pallets between the TM and 

the double-rack. The double-rack forms a store of up to 250 

pallets. 

The central tool transportation system comprises a cart 

moving on a rail situated below the ceiling of the hall. This 

cart transports the tools between the TM manipulators and tool 

setting departments. where tools are input and output. The tool 

magazines of the tool setting departments !ogether with the TM 

magazines comprise a common store of the FHS tools. Every tool 

has small identification punched card (fig.13) and every tool is 

stored in a special plastic cover cell (fig.14) The inputs of 

workpieces are provided with lay-out machines which make possible 

easy and exact placing of the workpiece on the technological 

pal let. 

Checking of workpieces is done on automatic measuring 
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(inspection) machine. During the production the workpiece is 

vashed and cleaned and thermal stabilization before measurment is 

carried out. Human participation is limited to the input and 

output areas and to ~he vorkplace. vhere the workpiece is reset 

for the next operation. 

This system enables the fully automatic function of the all 

vorkplaces. stores, transportation and manipulation subsystems 

except the input and output places vhere a human activity is 

necessary. 

The structure of the control system hardware (fig.15) 

corresponds to control structure characterized above (chapter 

4,fig.6), which was designed 15 years ago. As may be seen in the 

diagram. the whole control network utilized the minicomputer 

control but for the NS 850 simple systems of transportation 

control. and the NS 920 programable controllers. The NS 750 

systems and systems described as " LK TOOL hardware " represent 

interface between computers and the machines, their main function 

being the closed position loop control. 

The minicomputers on the CNC and DNC levels are of the same 

type - ADT 4500. The type is compatible with HP 21-MX which is 

used for the CNC control of the measuring machines. The 

communication betveen the computers is rendered possible using 

the DS 4500 system, which is compatible with the HP DS-1000 

distributed system network. The communication of the computers 

with the other control devices is done by special communication 

1 ines. 

Also "the structure of "the con"trol system software 

corresponds "to the different levels of the control structure 

(PLC, CNC, DNC). It changes from the practically machine-coded 

programs of the PLC level, thought assemblers and special 

operating system of the CNC level to the high program languages 

and standard Real time multiprogramming operating system on the 

DNC level. For special activities such as the computer 

communication or the data base system the standard software 

blocks were also used. 
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The philosophy of the DNC control is based on the similar 

principles as the functions of Real time multiprogramming 

sys~ems. For every workplace the queue of actions is defined. The 

definition of this queue is done with aid of optimization 

programs striving the highest possible productivity of the FMS. 

The finishing of any action in the FMS leads to the shift of the 

queue and the new optimization. 

The base of the whole FKS structure is the CNC system NS 

750 for a TM control (fig.16). IL was a very efficient system 

with possibilities of controlling a group of TM and easy 

communication with DNC computer. Never~heless its minicomputer 

base. the system was relatively long time produced for the CNC 

control of complicated machine tools. 

7. Evalua~ion of the FMS Con~rol Developmen~ and its Future 

The present situation in Czechoslovak industry. the 

stagnation of the machinery and crises in the electronic. caused 

partly by the world disarma"ent. party by the privatization 

process in CSFR. do not stimulate the development of the new 

technique in CNC or FMS control. It was not possible to 

anticipate that introduction of the first FHS's vould be highly 

profitable. since the costs of their production also included 

expenses incurred by the research and development of a number of 

nt:w equipment. It is however an undeniable fact that the 

research. development and production of the FMS have brought 

about a considerable number of technical solutions, some of which 

being of unique significance. The FMS also contributed to the 

development of computation and control engineering in CSFR and 

promoted efforts aiming at achieving new forms and methods of 

production. In any case it may be claimed that from the point of 

view general results the development of FMS has signified an 

indubitable asset. 

On the basses of the above mentioned facts we hope that also 

Czechoslovakia contributes to general CJH activities. 
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FMS - Flexible Manui'acturin9· SysteMs 
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Jifi P u j m a n . PhD 1992 

111E FMS TRENDS FROM EMO EXHIBITIONS 

Summary: This paper deals with basic trends and tendencies. which 

can lJe gained from analysis Flexible Manufacturing 

The 

trends, 

Systems and their modules. exhibited on 4 last 

international EMO shovs. The main attention is given 

mainly to the point of view of the control strategy. 

subject of this paper is to explain the tendencies and 

""hi ch \Wt:: can anticipate, after the analysis of the EHO 

ex hi bit i or.s. history of ""hich is described in chapter 1. To do 

so. it is necessary to unify the common meaning of terms FHS, 

FMC, DNC. CNC, PLC, ""ha-r is done in chapters 2 and 3. Chapters 

4. 5, 6, 7 describe shortly the main features, observed in this 

field on EM06. 

the collected 

EM07, EM08 and EH09. Chapter 8 tries to evaluate 

information and to show the trends for reasonable 

dc:sign <>f F~s·s and FMC's. Vith some imagination, this can be 

set::n from the table, \Which is at the end of this paper. The 

nume1·ical c.lat<.1 have been gained from computer data service on EMO 

exhibi-rions. The most important exhibitors were visited and the 

sc:rious fo.1cts. 1.·hid1 arc here presented, has been checked by the 

discussion \With them. llo...,ever the:: data could be a Ut.tlc:: 

c.listortcd hy tht: place of the exhibition (EMO in Hannover is 

bigger then the:: other t\Wo). 

1. The EMO exhibitions as an indicator of 'the 'technical progress. 

The E~IO cxhibitior1s has tJecn for more then 17 years the 
iargcst Eu n>pcan in tC! rna ti ona] shows ...,ith cutting tools, 

produl.:t:ion machiru..:s (machine tools, forming machines, machines 

fo1· nc1 ... cutting tcchnologies). rohots, manipulators and their 

intcgratc.:J aµµlicc.1tion in Flexible Manufacturing Systems (FMS) 

am! Flexible Man11fucturing Cells (FMC). Very important is also 
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the part of the exhibition, dedicated to the control technique 

(PLC. CNC, DNC) and software applications for CIM field. 

These shows became during the years the prestige exhibition, 

where every producer tried to present the products. which were 

quite new, progressive and perspective for the future. They arc 

not ori~nted exactly on the sale, like the most world known trade 

fairs (Metuv-Dusseldorf, Germany. Componenta-Klagenfurt, Austria. 

MSV-Brno, Czechoslovakia ... ). but on indicating tendencies of 

"the technical progress. In this way "they could be compared most 

~losely to the Chicago Trade Fair. USA. 

The EMO exhibitions are hold each second year in three 

European towns (Hannover, Milano, Paris). Several hundreds 

producers from all the word take part on them. 

On EMO 5 th. were given the first serious signals, that the 

FMS c.;ou.'d be bui..:.-r from "the NC and CNC machines, robots, 

manipulators and suitable control "technique. 

effectively, then the fixed production lines. 

2. Basic characteristic of FMS and flexible cells. 

much more 

The FMS arc characterized by an interconnection of NC 

machines by means of interoperation transport of workpieces, 

tools and other production aids. In this way their operation can 

be more easily planned, checked and consequently also.managed 

and cone rolled either by a dispatcher or by a computer. Human 

particip;.1tion in the uutomatic FHS production process is limited 

1n-:.1ctical ly only to the input and output places of the system. 

The degrcio: of autdmation in the system varies very much in 

FMS's of different µroduccrs. Also the structure of the systems 

chc.mges. If we want to compare the exhibited systems. we must 

define some miriimllm configuration, vhich can be s-rill considered 

FMS or FMC. 

The minimal FMS oi- FMC is considered to be composed from at 

least two ...,orking tcc.:luwlogical modules (NC machines or machining 

t.:cntcrs, c.:hccki11g 01· mcusuring machines, vashing or cleaning 
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machines, manual working stations etc.). interconnected by the 

means of interopcracion transport (robots, manipulators. rail or 

inductive guided vd1icles etc.) with some storage possibilities 

(racks, shelf stands, storage tables. magazines etc.) and 

equipped with the control system. which synchronize their 

operacion. The central transportation system secures at least the 

auto~atic transport of workpieces. 

Real "flexible" FMS or FMC is to be considered t11e system 

with possibility to change production program without operator's 

interferences. 

3. Characteristic Features of the Individual FKS Control Levels. 

From the aspect of control the FHS represents a complicated 

regulating system whicli govern a number of mutually coupled 

functions that are taking place simultaneously. The activity of 

the FMS control system can be divided into two groups: 

1) The OFF LINE operations. that means the activities. which 

can be prepared before the control process starts and which have 

loose feedbacks oft~n implemented by a man. The main function of 

the OFF LINE ~\cc ions i~ planning and preparing the production 

process control, preparation of all the technological data (NC 

progrums) and also the keeping and managment of the central 

tcchnologicul data hast.:, often with connection to CIH field. 

2) The ON LINE opcrut ions, mainly the direct control of the 

prmluction proc.:css. cmhracirig the control of activities of all 

cquipm~nt employed 1n the FMS with firm feedbacks. This is 

sccun..:d in three uiffl~1·l~r1t l«!vels hy: 

1) PnJduction J>rm:l"!;s Control System (DNC -level): 

This is the Uf•fH~1·:11ost contrnl system in the FHS; it gives 

c11111111~11Hls to the inuividu:.d crmtrolleJ subsystems, but does not 

control din:ctly their operation. It also forms an information 

lusc •1 f the 1Jhole systc:m; it uti I izes a control minic~>mputer 
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capable of the real time control and is ready to cope vith t:he 

work dealing with extensive amount of da~a sets. 

2) Control system of technclogical modules. measuring and 

checking stations (CNC-Level): 

These subsystems handle the commands coming fro• the DNC 

system according to the mo~entary state of the controlled 

processes. They control namely the moving axes (servo -loops) of 

the machines depending or. NC program. They have a high-grade 

"intelligence" of their ovn and "liberty of making independent 

decision". In some cases they can even control directly the final 

control elt:!ments of the managed units. sometimes they generate 

commands for control systems of the lowest grade. They pass on 

all reports relating to the operation completion or failures to 

the DNC computer. 

3) Systems of the final functional control (PLC - level): 

These are control systems which. on the basic of the 

commands given by superior-grade systems and input signals from 

machine end switrh~s. directly control operation of final 

functional sets it means the relays or contact switches of the 

electric devices. Practically, t:hey cannot make any decisions 

- they can only delay the performance of the next operation till 

the previous one has been completed. They use mainly programmable 

controllers. They pass the failure reports or information about 

the operation completion to the superior system. 

4. EHO 6th. - 1985 Hannover (Germany). 

That c:::xhihitjon was tht:! first one. having indicated the 

meaning cif FMS for industry and economy. Nearly every machine 

tool prrn.Jucer- t1·icJ to d<:·sign the new machine as a module, which 

could be e;.1si ly incorporated into FMS system (from mechanical 

point of vi cw) . The connection to the control sys terns was not 

solved hy 41 satisfacto1·y way. The exhibited systems were realized 

mainly by the special software firms which had bought all the 

necc:::ssa1·y har·J.,.:.1rc l!quipment (machines, transportation systems, 
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control systems and control computers) and created. after 

agreement with user, the special software block. This has the 

form "key installation", which very well satisfied the previously 

defined demands, but its future development was very complicated. 

The system has been organized in the star-like form around 

the DNC computer. Computer of the high performance (Hewlett 
Packard, 

different 

IBM, Digital) was connected with CNC systems· of 

producers. The communications line were not 
standardized yet. The advantage of this solution was the 

possibility to design very different communication interfaces on 
the computer 

communication 
side, with respect 

line$ has been usually 
to the CNC solution. The 

serial. based on RS 232C or 
highc:r, but also parallc:l lines existed. 

~early 40 exhibitors offered DNC solution. Between the best 

were probably firms Sharmann and Cincinati Milacron. More then 

20 FMS system for box-type workpieces were exhibited, 10 turning 

FMS and 8 others. 75 machine tool builders offered the milling 

center like FMS ~odule and 35 offered the turning center for the 
same: purpose. 

The transportation systems for milling FMS were based on 

rail or inductive:: guided vehicles; for turning cells mainly on 
the portal robot. 

There wen:: great innovations in CNC area. SIEMENS came wi-ch 

·channel structure", it was -rhe ability to control simul-caneously 

the c.1ct ion of several pi·ocesses. The handling of CNC was made 

easier hy using ~ENU technique, programming got the possibilities 

of the computer languages, operator panel was d:vided to system 

and mad1 i ru.: part:-.. More then I 00 producers ex hi bi ted -rhe own CNC 
sys ti.:rn. 

PLC '-'c n..: 111on..: am.I more often integrated into CNC systems. 

Progrumming Iunguugcs huvc changed from assemblers to the ladder 

Jiagn.1111 111· STEP 5 languagl: us~d by many wes-i European producers. 

The.: 11ur:ila:r 1>f cxllihitors was around 80. 

The.: EMO 6 th. was c.m evjdcnce, that FMS revolution started. 
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5. EMO 7th. - 1987 Milano (Italy). 

EMO 7 th. proved the growing interest of the control system 

builders in the FHS area. They saw t:he promising entrance of FMS 

and FMC and realized. that they had not: been prepared for that:. 

They had used some hardware means for communication in t:he 

control network, but no standard fox t:he meaning of messages in 

it. So they were very grateful for any activity in this area. 

They invitc::d very enthusiastic the MAP communication protocol. 

previously developed by General Motors for unifying of the 

communication in company FHS systems. not: regarding on type and 

producer DNC computer or CNC and PLC systems. They started t:o 

prepare their control systems for this protocol. simultaneously 

looking for cheaper solution. They also recognized t:he good 

business article in DNC software and started t:o create t:he common 

useful software modules and from them to configurate the DNC 

system. They needed to connect DNC and CIK computers. what could 

be easily done:: using standard computer network. 

The whole system was again organized in the star-like form 

around the:: Dl'!C computer. that used to be connected t:o t:he Local 

Arc::a Network -LAN. The micro or personal computer was used very 

often. Its performance was not sometimes satisfactory for all DNC 

activities and the DNC functions were often spli't b~t:ween more 

compute1·s 1n LAN. The central computer served then more as 

special communication translator from LAN pro'tocol in'to messages 

for CNC connected on serial lines RS 232C or higher. The 

advantagt: 1>f this solution, it was the possibili'ty 'to design very 

various CNC communication interfaces, las'ts. 

Some of the hugest CNC producers offered simul 'taneously the 

possihility to connect the latest CNC into the LAN directly and 

to use the DNC - PC effectively for real DNC functions (Siemens. 

Mitsuhishi - Truuh). As tht:: complete MAP solution vas not been 

rt::ady yet <mu it was very expensive, the cheaper protocols 

(LSV2. Mini MAP) or communication lines (RS 2 .. , Ethernet) were 

frequt::ntly used. 
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There ~ere less special ·key· solutions on the big computers 

(Comau. Mandelli. Renault Automation) 

The number of firms offering the DNC system rapidly grev up 

to 120 exhibitors. Number of exhibited FKS for box-type 

workpieces increased to 30. number of turning FKS remained 

unchanged (10). 70 machine tool builders offered the milling 

center like FMS module, 60 offered the turning center for the 

same purpose and 50 produced other FKS modules. 

The transportation systems for milling FKS ve~e based mainly 

on rail and seldom on inductive guided vehicles; for turning 

cells mainly on the portal robot. The store was created mainly by 

fix store tables. 

The 32 bits processors overruled the CNC area (Mitsubishi, 

Fanuc, Bosch). The user has got a chance to change the properties 

of the CNC by special subroutines (Fanuc - Custom macro, Siemens 

CL 800). The Tool managment system, Adaptive control. Active 

control and using of touching probes became standard on new CNC 

systems. Number of exhibitors decreased to 85. 

PLC vere mostly designed from the slice processors. The 

independent positioning units were typical solution for 

simultaneous processes in CNC systems without channel structure 

possibility. Bet~cen rrogramming languages appeared also Pascal. 

The number of exhibitors was growing up to 100. 

The EMO 7 th. changed FMS revolution in mechanical parts 

dc::sign into revolution in standards of communication in the 

control structures. 

6. EMO 8 th. - 1989 Hannover (Germany). 

The L:!cur trends for building economically effective FHS and 

FMC could he ol>s.:r•1•.!d at all machine tools builders. The starti11g 

investments into this field vere very high and only small number 

l"f customc1·s could afford it. The solution seemed to be the 

building these systems "'STEP BY STEP". The customer bought at the 

beginning only the FMS 1:1odulc:, which price was nearly the same as 
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machining ccntet. After this module had earned enough money. _t:he 

next module \las hought and connect:ed t:o t:he t:ransport:at:ion syst:em 

and control system. The idea was t:o do so vit:hout: vast:ing 

anything, .,.hat had been previously inst:alled. The KTH company was 

one of the best in it. Ve could see t:he result:s of st:ruggle for 

good communication standard in cont:rol system area. In spit:e of 

that the MAP .... a~ not totally st:andardized in all layers. many 

firms had necessary hardvare and firmvare packages prepared 

(Fanuc. Siemens. Mitsubishi, NUH). DNC soft:ware was very oft:en 

offered by control system producers as se"t up from paramet:ric 

modules. 

The nct\lork solution became standard for new syst:ems. old 

sys terns ~HI..! connc::ctt::d by special int:ell igent: DNC t:erminals. t:he 

star-like:: form \las very seldom. The personal comput:ers were 

typically used. Computer of t:he high performance (VAX. HP. IBM) 

\w"Cre used nnly in small number ·key inst:allat:ionsn (Comau. 

Dorries Sharmann). As the complet:e HAP solut:ion vas st:ill not 

n:udy. some more:: simple protocols overruled in Europe (LSV2. 

MiniMAP) and also some cheaper communica"tion lines 

(Ethc1·nct-SINEC HI. Bosch Plant Bus. DEC-NET) had been often 

used. 

The nurnbt::r uf firms offering the DNC sys"tem again grew up to 

200 exhibitors. Numht::r of exhibit:ed FMS for box-type workpieces 

changed to 25. numhc1· of turning FHS increased to 15 and there 

were around 20 others FMS or FMC exhibited. 75 machine tool 

builders l>ffercd the milling cent:er like FMS module. 45 offered 

tht~ turning. ct::nter for· th~~ same purpose. 

Tlw exhibited FMSs were much smaller ~hen in previous years, 

nrnq.J1JSL"d 111~1inly only from two working modules like FMC. That was 

the reas11n, why only the manipulator or robot: was often used 

t1·anspo1·tation system. The store was created 

m;.1inly !iy I ix :;tnr-e tahlc:s or simplr; matazines. 

Thc:·1·c: 1..·;.1s ;.1gain u ve;;:1·y strong new trend in t:he CNC area. The 

Cl'\C prndun: r ~ conncc tc:!i.l pt:rsona I computer into CNC structure by 

both 1.ay I ikl· pc:1·iplw1·~· or I ikt:: the fix part on PC bus. The 
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user got this way not only the 

program~ o.111d cc:chnological data, 

large memory capacity for NC 

but also the possibility to 

include sor:1e computer methods for NC programming or for control 

net:work communication (Philips 5000). The nev tendency for open 

structure hanh.rnre and softvare seamed to become real (ECS, 

ELSAG). In spite of that: the number of the exhibitors decreased 

t:o 80. 

Sel fsr.anding PLC systems have got some ne"' luxury functions 

(operator· panels wit:h color graphic, keyboards) and they were 

more and more similar to computers than to simple controllers. 

Between prt~ramming languages appeared computer Basic. The number 

of cxhibi c111·s was nearly 120. 

The "STEP BY STEP" tt:ndency for FHS build;ng vas the main 

feature of PtO d th. 

7. EMO lJ th. - 1991 Paris (France). 

The gn:o.lt stagnation in machine tools indus"try caused par-rly 

by the peaceful tendencies in the word policy and disarmament:, 

and partly hy the crises of the market in pas-.: socialist 

countries could be seen on t:he whole exhibition. All producers 

tried to find vcry economical solutions, the nev development 

practically stoppcd. In HIS and FMC building has von the trend of 

the Stc.:p hy step solution. There vas a great cooling in MAP 

nc.: t.,.ork i 11:. t •l l l •1 ti ons. The hi g CNC producers had the hardvare and 

soft.,,.arL· rcaL!y in reasonahlc price level (Fanuc, Siemens, NUM). 

buc CIH .. ~ -..r;1nd;.in.J of tht:: llf.ipt:r layers of protocol vas not ready 

yet •ind .,., rhc cheaper· splutions won (LVS 2, HiniMap) .. DNC 

sofr...,·an· 1.;L...; usu;.il Jy composed from standard parametric modules 

dt:signl·d ti-. cuntn>l systt:m producers. Very interesting feature 

appco.1rl·d 1:1 :-.ornc simple J>NC computers or computers closely 

co1>pL·r·:1t rril.! wi1li them. It is the trend to solve the problems of 

the tcl·!:t111l11~ic;ll (NC pn1grams), organization (planning) and 

cl·onrnni .. ·;11 (;.1cc11u11ti11g) pn.'.Ji<ln.ltion of !>roduction and production 

1::•1na~r::L"11t :r. Vl·r·y :-.implif;cd form often without the.: central data 
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base f:.?c i lit ies _ 

The Step by step trend led to connection of earlier bo~ght 
CNC to special in"tclli£c::nt DNC terminal. or &gain to the 

star- I ike forr. u: nctvork on serial RS 232C lines. The personal 

computers 'Were ·ypically used. Computers of the high performance 

(VAX, HP. IBM) "'·:::1·e uscJ again only in small number expensive 

·key installa-cions· (Mandclli. Dorries Sharmann). 

The total numhcr of firms. offerin8 DNC systems was not 

possible to finJ L<: exactly. probably again around 200. Number 

of exhibited FMS ~vstcms declined to 15 for box-type workpieces 

and a for turning and 15 o'thers even 'though the number a1achine 

tool bui ldcrs offering the FKS modules was nearly constant 85 

milling centers. S<J turning centers and 40 others. Only few FMS 

01· FMC with c~·:·l: thcri cwo working modules vere exhi ai ted. The 

transportation systtm in small FMC was typically manipulator or 

robot with some store:: tables around it. 

In tht: CNC area was possible to see the growing up 

pt:rfonn<.incc of the han.lware (Fanuc RISC processors). The control 

system fur srandan..I machine tools was mostly from biggest 

producers (Fanu..:, Sic1:icns, Heidcnhain, NUM. Mitsubishi). only 

unty1>ical muchines gave a chance to o"ther producers mainly with 

prornisahle open scrm..:tun: hardvare and software. There were some 

exampics 

control lc1·s. The 

hascd on industrial computer 

PC (computer) built in the core 

with motion 

of the system 

was not so widely spn.:o.ld as it had been forseen after the last 

EMO. Nu111h1:r of exhibitors again decreased to 70. 

Sclfstanding PLC systems were more often designed as compact 

small uni cs ...,ith pos~ihility to he connected together and with 

opt ion;.d dL"grcc of ust:r· comfort. The most spread programming 

languagl:s ... ·en: prohahly ladder diagram, Step S and _computer 

l ;rng~;.1gl: ( l';ls<.:o.l I . Bas ii..:. C") . The number of cxh i bi tors vas growing 

up to 1511. 

011 the.: EMO 9th. the.- EC0~0:1Y became the main limitation for 

HIS In• i Id i 11g. 
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8. Conclusions - trends of F~S developmcn~. 

After the great entrance in middle of 80th. there was 

a recognizable cooling c.Jo1.1n in FMS an FMC field after 1990. The 

attempts to build up fully automatic factories with large FMS 

systems arc acceptable only for very rich companies. which solve 

the automation problems by themself or with help of some special 

software firms as ·key installation· based on powerful computer 

network. 

A common user looks for economic solutions of FKC from 2 to 

5 workpluccs, which could be easily build. used and govern. 

From mechanical point of viev are these FKC's composed from 

machining centers. Nearly each producer of machine tools produces 

the variution suitable for mechanical interconnecting to the 

transportation system - the FMS module. 

For box-type workpieces it used to be a milling center with 

5 or 6 contn>l lcc.J a:ds (spindle, rotary table) and vith a chain 

or plate magazine for 30 -160 tools, between them is often the 

tou<.:hing prolic. 

For· the rotary ·.rorkpieces it is often used the turning 

center again \olith 5 or 6 simultaneously con-,rolled axes ( 2 

spindles, 2 turrets with 12-36 tools). 

The milling and turning machines are not combined in one 
FMC_ 

The ccn t nt I transportation sys-ccm for box type workpieces, 

transp1u·tcd on tcclinological pallets have most often "the form of 

the Rail Guided Vehicle. The inductive GV is more an exhibition 

sol u t i on . The corrnc<..:tion to the machine is often done by 

r.ia11ipulitt11rs. having the form of shift-over or rotary tables. The 

stor·l· Ii.is tlil· form of r·acks or store tables. 

lht: m;.1111pulo.lt io11 system for rotary workpieces is usually 

rc;il i'/l'.d liy i11tcn.:111111cc: ion of single or double portal robots of 

is on pallets for flanchcs 
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or on drums for spindles. 

The tool transportation between machines is for cheap 

solutions untypical. 

From the control point of viev is the system govern by the 

control network composed from DNC computer and CNC and. PLC 

controllers. Vith exception of large projects. DNC computer is 

most often the powerful personal computer. Kore. then very 

promisable commu~ication protocol HAP. are used some smaller firm 

protocols (DNCI,2 - Fanuc. LSV2 - Siemens. Heidenhain. KiniKap 

- Bosch). Hrn.rever all this producers enable to choose the 

protocol type, like an option for CNC. Probably the most common 

comrnunicution line today is the Ethernet. often connected to the 

factory network. The trend to build the FHS Step by step leads 

the DNC rc::alizators to the solution to connect into the network 

also CNC controller without network ability. by using special 

intelligent interfaces between CNC systems and the DNC computer. 

or co return to the Star-like type of communication. 

DNC software, running most often on the PC based computer 

(computers) is created from configuratable parametric modules by 

cont n> I sys tc::m p1·oducers or software firms. It has usually an 

open structure form under the crganization of "the real time 

operating system. Jes main function are to control and 

synchronize the function of the all FMC-FKS equipment automaticly 

01· in dt:pendcnce on dispatcher co:nmands. to communicate with 

opera tcu-s in i npu c and output stat ions or stations for manual 

operations. to provide the dispa-ccher with sta'tus monitoring. 

materiu'. flm.r monitoring. diagnostic, to control NC programs and 

tcc.:hnological 1.faca munc.1gmt!nt, -cool mar.iagmen"t and newly also to 

help rhc:: manc.lgcr of the workshop to plan. scheduJe and often al.so 

evaluc.1tc the co:-;t of on..ll!rs. Number of DNC softvare producers is 

growing up. which is the word trend in all clear software areas. 

Thuc can ht: an eviuenc.:t: that hardware communication problems are 

a I 1·c<1dy ~o I ved. 

C:'\C systems h<1s got in described time period sev~ra] nev 
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features. The main is probably the channel structure for 

simultaneous c..ontrolling several processes. The next is user 

language which makes p<~sible to change the basic system 

properties (Custom mac1·0. CL 800). The special machines vill 

probably use the advantageous of the CNC build as open structure 

system_ The trends to integrate standard PC computer into CNC or 

to built CNC on industrial PC vith motion controller have not: 

convinced yet for the standard appli~ations. The fact:. that: t:he 

number of CNC produ~ers is decreasing is an evidence. that CNC is 

very complicated field with close connection betveen ingenious 

hard~a.-~ and software. where only strong an experienced firms can 

succeed. 

The:: matn changes in PLC area are probably in user 

programming technique. which has changed t:o t:he most: spread 

Ladder diagram and Step S languages. More universal computer 

languages have: changed from assemblers t:o Pascal. Basic and 

C lunguage. The povc:rful position units serve no-r only in 

independent PLC. but also in CNC systems for t:he con~rol of 

manipula-:ors. In selfstanding PLC can be seen t:he tendency.for 

rnodulu1· solution from small compact units \w'it:h great optional 

possihili-::ies. 

The hardwure performance of all the electronic solution has 

grcwn uµ enormously. But like in the machine area also in the 

cont ro I fie I u. only these solut:ions are living. where the user 

g<tin is highe1· than thl.: jfficc of innovation. 

r\I i dcsc.:i-ihcl.I EMO exhibit: ions proved very clearly that any 

technic.:a! n.:volution hus no effect. if there is none t.:conomical 

inn f i l f :·um i t . The most reasonable 'Jay, from today point: of 
vi(..;\, . IS l () Jcvc;: I op l he modular Fl1S systems, easily expandable in 
both. the it' ma<..:h i ru.: 1·y part and their con-trol area. 'the Step by 
step tc:11d1.:nc.:y is sun: the hest one. 
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The sul'\'ey of the FMS main features. 
which couhJ be seen on imemational EMO exhit.iuons of machine tools 

- -1'11e EMO c:<hihition 6.EMO 7.EMO 
tcnn nlac.:e 1985 J lannover ~Gennanv) 1987 Milano fltaM 
~lain features of the exhibited The machine 1ools producers The control sys1em producers enter 
FMS systems & FMS modules en1er imo FMS field. The new in10 FMS field. The CNC control 

machines are designed as FMS systems gain the communication 
module (conneeuable to FMS). ability. 
ExhihitcJ FMS are "The key The communica1ions protocols 
mstallations" produced by a originate (LSV2, MAP, MiniMAP). 
sof!w:;r,• firm or tJ1e realizator Stress on contents of messal!es 

:-.:umber llf cxhib11..:J • really flexible system •really flexible system 
~1illing FMS sys1ems/modules 20 (5•) I 15 30 (6•) I 70 
h'uming FMS systems/modules IO (3•) I 35 IO (3•) I 60 
Olher FMS svstems/modules 3 ? ? so 
o~c "Key" insiallatiJn Open insiallation (Partly) 
The software system supplier User. Software finn User, Software firm, Control . 

system manufacturer 

DNC One purpose software block Fixed software modules 
fhe w:iv of r.:~li'i:ltion 
DNC Large or Mini (IBM, PDP, HP) Large or Mini/Micro (personal) 
Type of DNC computer PDPll, VAX, MicroVAX, IBM· 

re 
DNC; software offer 40 exhibitors 120 exhibhors 

8.EMO 9. EMO 
1989 Hannover<Gennanvi 1991 Paris <Francel 
The tendency to build the FMS's The siagnation of the machine 100! 
"STEP by STEP" ·ii is expandable, industry 
without wastina pans, used before The trend to build FMS cells· FMC 
expansion Instead of large FMS systems. 
The communication network Is used The suppon for NC programs 
in the control field manaiiemelll and organi1a1ion of 

lhe nroduction in DNC 
•really flexible system •really flexible sys1em 

2.S (6•) I 7.S l.S (7•) I 85 
1.S (4•) I 45 8 (3•) I SO 
20 15 I 40 

Open Installation Open installation • user oriented 
Control system manufacturer, User, Control syslcm manufacturer, user, t • f • 
(Sof1ware finn) machine tool'~ producer. (Sotcware 

finnl 
Para.metric software modules Parametric soflware modules 

Personal or several personals Personal or several personals 
(Mini/Micro) VAX, IBM·PC IBM·PC, (Mini or Work ~latiOll 

DEC. HPl 
200 exhibitors ? 
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DNC 
The typical structure 

Type ol communications lines & 
protocols 
CNC 
News in the field 

Number of exhibitors 

PLC 
N~ws in lhe field 

Number of exhibitors _ 

CAD+ CAM a CIM area CAD+CAM+CAO-CIM area 
Data rransfem:d by man LAN r Local area network 

--_y.~ de 
CC N~NC3 CNCl CNC2 CNC3 

Sw-iikc structure LAN between computers 
Sw to CNC controllers 

Special • serial RS232C or serial RS .... or office Ethernet 
hil?hcr RS ... LSV2, MAP, MiniMAP 
Channel suucture, computer· 32 bits suucture ·Mitsubishi, Fanuc 
oriented programming language Custom macro-Fanuc, Basic-Bosch 
wide NC-PLC window, CL 800-Siemens. 
operator MENU technique, Tool Management system, AC, 
separation of the operator AK 
system & machine panel Touching measuring probes 

100 
SS 

Integration into CNC systems Independent positioning units 
programming : Assembler, programming: like on EM06+ 
STEPS. ladder diagram Pascal 

80 100 

C.AD+CAM+CAO+CAP.CIM area CAD+CA ,i+CAO...CAP-CIM area 
LAN LAN fi DNCl-H>NC2- DNCl - DNC 1 • ~ DNC2 -DNC3 DNC4 

C•CNCI ,,_CNCI CN-0c:'IC2 '•ICC-CNCI ·cNc 1 lkNc'E.1 cc-CNC2 I,_ CNC2 ~ ICC-CNC2 CNC2 CNC2 CNC2 
ICC-CNC3 •11-CNC3 ~ ICC-CNC3 "CNC3 

LAN between computers and Manager 
modemCNC The same u on EMOS, but many 
Star or Intelligent cell controller for self standing !\lands with Manager 
oldCNC and NC nrogrammint suonon 
Etbemei. (serial RS .. ), MAP Elhemet, (serialRS ... ) (MAP) 
LSV2, MAP, MiniMAP LSV2, CMAP). ~.iiniMao 
IBM·PC compatible computer in the RISC processor in the CNC· Fanuc 
core of CNC- sometimes with a disk Open hardware & soflware sll\lcture 
drive, like periphery or system part for special systems 
(Philips !5000) Connection to lhelBM·PC for NC 

. Motion controllers program management and DNC 
Open hardware &software structure production organisation suppon . 

80 70 

Luxury operator panel for self The orientation ror small & compact 
standing PLC systr.ma PLC units, bul with great comfon in 
(display with color graphic). the user area 
Programming : like on EM07+ Basic programming : lik~ on EMOS+C 

120 ISO 
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l Scope 

The ~asic principles for £etrolo6Y or~~nization und 

activities in the l:!easurin6 and u:anu:""cscturin5 process 
are given in this docwcent. 

2 Terminology 

The followinb terms are used ror the purpo~e o~ this 
guideline : 

Etalon (~) - ~easuring equipe;ent in t~e lhbor~tory or/an~ 
in the factory \l"hich ~er•1e~ to t!a"e :-ealiza
tion an<! pre~er-v&tio.!'l o:~ particnlur 9tbr.dard 

unit o~ me&5urerr.er.t ! unit o~ t~;e ler,<;th 1 bnc~le 1 
:ecperature, noi~e e.t.c.) u:;:~ to t!.c tra:.s

-.i tio!l o~ this unit on !.he :r.ees~ • .:.~i:~:~ e::uip

~ent o~ lo~er accu:-&cy !~uli~ruti~~ n~ the 
~.easu:-i11t~ equi ~ent of lower :Jcc·1r~cy) 
~:ote: ?.talo~ ~ay ":e used ~o!"' the :-:e6~u:-er:ent 

(in this case it is wor~in~ etalon ~E) but 
only in the measuring laboratory or in the 
testing room, r.ten the ~req=y ~~ ustli 
!t may not be u~ed ~or :-:eesuren:ent i:-. the ea
nu~acturinb process. 

Determinate measuring equipment (!i?li::) 1teas11rintr er;uip
cent ~hich was detr~in&ted ~or perio~icbl 
co~pulsury veri(ication (cblibrbtion) in the 
national oetroloby in~titution. 

Note: DlitE can te:: etlilor~ { :) c.nd the ·.rnrking 
etalon (.,.'E) as well. 

Wor~ing mP.a9uring equip~ent(~V.E)- mea~uring equip~ent 

used only for measuring purposes in the ma
nufactoring process 

~ can not cause the lo~s or its accuracy. 
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l Calibration or the measuring equipment 
J.l Calibration o! the determinate measuring equipcent 

This calibration shall be carried out in the national 
aetrology institution according to the national re~la
tions. 
~he fir~t calibration shall be done hefore the measuring 
equi?cent is started to be used. 
Eve~y other calibration ~hall be providec i': 
a) the v&!i~ity of the la~t culibration i~ over 

(perio~oc&l calibration}. The ~erio~ of c&li-
brat ion i .c: determinate<! by the nut ional a..ctrolo:;Y 
in~titution, 

b) ~o~e ctanGes have heeh ~one an~ i~ the~e c~~n~e~ 

~ight influence its sccaracy 
c} the measuring equipment has been du~age~ ir~ the way, 

~hich co~lrl influence it~ accuracy 
d) it is apparent, that the measurin& e~ui~~ent teco~es .. '- . ·-......._incorrect 

J.2 Calibration of working measuring equipcent 
Calibr&tion of the working ~easuring cquip~ent shall be 
carried out in the factory by ~eans o~ the etalon (E) 
or working etalon (\fE). 

!he first calibration sh&ll be done he~ore t~e ~eb~urin~ 
eGuipment is started to ~e u~e~. 
Every other calibration ~hull be done i~: 

a) the validity of the last colibr&tion i~ ov~r \yerio
cical calihratidl). The period of calihrtttion .. ~~~11 
b• detereiinated by the ~et~y department in the ~ac
tory according to the type o~ mea~urin& equip~ent bnd 
the rre~uency or its use (max.2 years)w 

b) so~e changes have been d~nc on the mea~urin~ eGuipoent 
and i~ these changes oicht in~luence it~ uccurucy 

c) the measuring equip~ent ~as been da~o6e~ in the way, 
~hich could in~luence its &ccurucy 

+e) the !!larking o~ national laboratory ~lls ~een 1iumaged 
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d) it is ttppttrent, that the mettsuring equipc:ent hecomes 
incorre::t 

!he scheme or the calibration sequence (trans~ition 
o~ the standard unit from one measuring equipment to 
another one is shown on the fig. 1. 

Ntttionttl 
etalon 

I 
Ntttionttl 
etalon 

-------
E 

~E 

a) 

J.) Enviromaent 

Fig.l. 

~actory 

'fE 

i ___ _. 

b) 

The eviror1C1ental conditions for calibration °hall 
be suitable for be· particular measurin.g eguip~ent. 

4. Docu~entation 

The recor:! shall exist for each measuring equipcent used 
in the factory. Followingshall be stttted in the recor~: 
- na~e o! the ~easuring equipment and its ~anu!acturer 

tec~nical specitication 
- ~onufacturin£ nu~her 

- e vi de nee nu!!'. her 

- r!ntP o!' p11rc!u1~in5 

- ;>1.:ce of t!le stor&£!e rJnc! place o! .. the u~e o!" ~.e&~:Jrin,_; 
c~~ipcent in the rectory 
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- period or calibration 
- dates and results or calibrations 
- repairs ot the gaasurin& equii-ent, it ~. ~ate 
- changes o~ the aeaauring equipment, i~ any, date 
- naae ot person responsible for the storage and 

use ot the aeasuring equis-ent 
The docwaentation tor E, WB. and lkE should be separate 

Storage, uint.\ance and 

Th 
. i e storage, ma1ntanance 

equipeent shall be such, 
tor use is pre~erved. 

handling 
and handling er the eea~uring 
that the accuracy &nd fitness 

rraini:ig should be arranged for personnel h1sr.~lifl6 the 
measurifl6 equipment. ?he proper hannling and stora6e 
~hall be periodically verifiej. 

6 Crganization 
?he special cetrology depart~ent re~ponsi~le for all 
activities mentioned in this document shull be estbbli
shed in the factory. ~his depart~ent shall e~pecially: 

&r~ange t~e calibration of measuring eGuip~ent in accor
dar.oe with the given rules (see )) 

- maintain the doclll!lentation necessary c~ee 4) 
arrange the storage of measurinb equipcent, it~ ~antai

nance and repair~, if necessary 
arrange the training for persnnel using the measuring 
equipment 
check - up the proper use o~ the measuring equip~ent 
periodically 

The persoanel using the mea~uring equipment i~ respon
sible tor the proper use and storage (when not used) 
or it. In the case when the measuring e~uipment ha~ 
been damaged or i~ it is apparent, that it become~ 
incorrect, the per,onnel ~hall announce this to t~e 
metrologJ department. 
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1 Scope 

:1he tests i~ the range necessary !or final inspection of ma
chines from batch production to verify all important proper_ 
ties before the mac;1ines are sent to the userare specified in 
this docur.tent.:'hese tests should be used for input inspection 
ot ?Urchased machines or for the verification of the durability 
of their .. :roperties during their use as well. 
i'he following items are specified fo• each test: 
- conditions of measurement (arrangement of the machine and 

its parts, arrangement of the testing equipment e.t.c.) 
- environment conditions(if necessary) 
- measuring methods and techniques 
- evaluation methods of results 
- presentation of results 

All t~~ tests are in the conformity with ISO standards exis
tinG or being in tae last stage of development. 
'i'he directives have general fonn suitable for all the types 
o! machine tools and on the base of them the speciticetion 
for tests of particular type of machinP. may be easily provi
ded. 

::ote: :o ::~ve: a.ad to use such directives is one of the essen
ti~l ;reconditions for qaality control system certi!ication 
or t!te .facto17 :::'3.?1Ufact-:..irii:g ::achine 'tools. 

2 :1errnir1ology 

~he f oolowi~g terr:is are used for the purpose of these direc-
ti ves. 

?osi tioned per.t is the l'!st :::art o! the .teed drive mechanism 
(slide, saddle, he~d stock, table, quill e.t.c.), the final 
po~i ti-:)n o~ ·.'l!1ich d.::"ine:; t~e dir.te:i.Sion or the shape of the 
'.':'ortcp:ece. 

i:osi !ioning p~t is the first part or the r.ianual !eed drive, 
by means or which :he final position or the positioned part 
is edj· 1:- ted. 

:'~rget position 0! the po~i tir:inr:-d part is the theoretical 
~inal position of ~'.-ie ~ositio'!'led part defined e.g. by means 
o!" the :·1.Jsi tion o! positioning part, stop, dog or by means 
ot coordin~tc . rogra.•nrile• (nur.lerical control system) 
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Aciual position of th~ positioned part is the actual final 

position of the ;ositioned part after its adjustment which 

does not change if !lo extern.al act~ation is there. Tiie actual 
?osition can differs from the target position because of ove.
run, deforr.!ation of t~e feed drive parts e.t.c. 

Stop is the equipr.:er:t, ":thich switch off the feed drive by actu
e.'!;i:1b the cont!'ol ci!"cuit (e • .:. ':..:y ~ee.ns cf 1-roxi!?dty switch) 
af t~r n:e ter::::et position of the positioned part is reached • 
.:Jog is the eq~ipment which stops the feed movement of positio
ned partbecause it forms the barrier to the next movement. 
~he power for drive either remains ( the positioned part is 
stil::!. pressed a.fai:-tst the dog) or is switched off as the re
sult ot ti1E- power i!lcreasing. 

?osition __ cc~trol system is the system which provides the 

auto~aticpositioning o! the positioned parts to their final 
posit:.:..o!!s. :'he ct::ttint:; process starts after the finel posi-
ti.nns are !'~e.c!:ed. 

Rectan,;;;ul~r i>ath co=:trol ~:vstem is the system c-f automatic 
..:. ath co1:trol either in one or in more coordinates subsequently 
(no sir.!ult~nou~ ~O\p~~.er .. t.s even in two coordinates).The cutting 
process ta~es part duri~g th~ movement. 

·:or:tim.:o:.is ~e.th control aystem is the syster.i of automatic path 
co::.trol eit?ier i!l the ~w-o or Dore coordinates sir.iulta!lously. 
:t'he cut ting pr·:lcess takes part du.ring the movement. 
::u.T.~ric&l control system is tne system either for the automa
tic positioni~~ or for the ~uto~etic path control, where the 
ir1forr:iation on ~oth the te.reet position ar.d the path (shepe, 
velocity) i~ gi Yen in the .form cf !'!umer~ls. 
::ote: Tte dE·sii.:;:1ation !"orzr:_'!lerical control is ?~C(positior..ing , 
or rect~nguler path co4trol) or CNC (continuous numericel 
cc~trol). 

7elocl..ty co!lstant of .rur.pli!ication of the feed drive (si;rvo) 
is the ratio of the- positioned part velocity "v" to the 
follo\·;ing error "_y"(ti:€- dif!'erence between the inatantaneous 
tar,:et posi tio:1 r:.nd ti1e ect·.:al position duririg the rr.over.ient 
~)y the velocity ''v" ) 

v 
k = -v y 
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Cole condition of the machine is the condition, when the 
temperatur·~ ot &11 parts of the machine ~orresponds to the 
temperature ot enViroi.'.ment. 

J General 
J. t L:achine 

~he r:achine tc je tested shall be completely finished and be 
eble to perfo:rrr: all the functions according to its technical 
specification.Dismantling of certain components for the test 
_f;urpose r.tQ only be carried out in the exceptional circumstan
ces in accordance with the instructions of designer (or manu
facturer. l.:easured properties must not be influenced. 

J.2 Foundation 
The machine shall be installed upon e suitable foundation and 
levelled in accordsnce with instructions of designer (manufac
turer). 

J.J Adjustment 
The machine shell be adjusted in accordance with the instuc
tior...s of desiener (manufacturer). 

J. 4 3nvironmei1t 
I'!le e!lviroriment during the tests s:·:0.1ld correspond witt. ~he 

technical spe~ification of the macr.:.ne (e.g. temperature end 
its ~a.riatio.r..). In any way the varj stin of environment t.-=:r:1pe

re. ture shoulc 'Dt exceed 2°c during the accuracy test. There 
shall be no i:lfluence of direct th~r::ial radiation or the 
flow of the eir from outside. 

J.5 5e~uen~e of tests 
~he sequence of the tests in this docuraent corresponds to the 
loeic of its arrangement. It does not determine the actual 
seq~ence of the tests in no way. 

J.5 ~est protocol 
~he test protocol en the tests performed shall be worked out. 
ln the protocol the following should ~e presented: 
e)conditions of the t~st - thermal condition ot the machine, 

temperature of the evironment and 
its varation during the test 

- arrangement of the machine parts 
(e.g. vosition of the table e.t.c) 

FINAL R[PORT, VOLUM[ Ill, P1gr 12 



- 4 -

- loading ot the machine 
- cutting conditions 
- sp,.indle speed 
-tec:d rate 
- e.t.c. 

b) the measuring equipment used end its arrangement on the 
machine (position, distances from some machine parts e.t.c.) 

c) the results of the measurement (graphs, numerical values) 
d) comparison of the results either with the demands on the 

machine (which are shown in the technical sp~ci!ication 
of the machine or in the particular standards)or with the 
results, which were found out during the prototype tests, 
during the final ispection test or during the last inspec
tion tests of the machine during its use. 

If any of the result does not correspond with the specifi
cation (;·err.lissible value), the repair of the machine should 
take place and the te. ·St or verification should be repeated • 

.+ :uality of construction 
4. 1 :.:achinP. 
.~. 1. 1 Scope 

?h~ quality of the construction and its c orrespondance with 
technic·.:l .sp-ecification of the machine shall be verified. 
:.:.:specially !he followint; should be checked up: 
- len~ths of ~achine parts strokes 
- !it~ing cf casting parts and covers (rr.ax. overlaping 2 nun 

only) 
quali t::· ~f .raL:tiug 

- quality )f the surfaces of nonpainting parts (no marks of 
paint, no gcrepes, surface finish according to technical 
specif icatio:"l 

4. 1. 2 : :ethods to he :.ised 
a) visuel 

b) measurement :·y means o! sui te.ble equipment (e.€:• for length~ 
r.?easurer.ient) 

.;. • 1. 3 ~·:veluation arid expression or l"esul ta 

A.s the results .: '; shrmld be rreser.ted: 
) .&. ' • l .~ .. r"'meters f o·...ind ti:lnd t:1e C01:1_r. Brison Of them Vri th a ,ecnn:!.ce. _._. "" 

t~c1rnicel ~peci!ication 
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b) List of shortcomings (if any) 

4.2. Guideways 
4.2.1 3cope 

The [~ality of the &lideways edjustment, their surfaces and 
their wipers should be veri!ied. 
a) Es:)ecie.lly it should be verified: 

- if the gudeweys' surfaces a.re not dernaged( no scrapes, 
no painting marks) 

- i! the guideways'wipers are not demaged and if their 
function is good 

b) ~specially it should be measured 

- aurf ace roubhness 
- h-:irdness or the ;.uideways 
- backlash in t~e guideways 

;.2.2 ~e~~ods to be used 
a) visual 

b)-7-\e sur:'ace rou;-hness should be :-:easured by means of the 
~:o:-table !:>qui •. ;11ent ~:>r surface roughness r.1easurement at 

le~st in three a:.fferent positions on each surface 

-the hardness sho11ld be measur~d by oeans of portable 
er1..:i:;>m1?nt for hardness r.1eas'lrement on 'both ends of eac~ 
surf ace 

-th~ !iac'.(lash s:1ould be r.:easured on both sides o! each 
>•)Ci ti::inEd :·art 1 :,· i:1ea;1s of dial ga~ge. ?..1e force is applied 
-,!1 :h:: r.h?es;.u ?d -?nd of the positioned part subse~aently 

i '.1 ";)ot!1 d ire:ctior.s. !'I-le w:.>asuring is taken in t:1e plane 

.i_. as:.:::.n.: tl:::-o l<~·h l·ott guideways .:if the positioned pRrt. 
(3ee fig. 1). 

l 
~ig.1. 
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~.2.J ~v~luatio~ of results 

As t:he res:..llt it should be presented: 

F.) t!~e list of shortcomi.:1es (if nr..y) 
. ' 
~, - r:.e.x.roug:r.ess fou!1d on each st;r~·ace, the cor.:parison l"rith 

the tec!mical spE-cifi.cction (de~ign demar~d) 

- ~.iin. ';1a:r·~:1ess found or~ Pach Sl.41·race, the ccr:parison witl'! 

- r:a.ckl ·:sr: i!: ~}.li ~€",·.·2ys, corq.1srlson wi tr: technical speci
!i.:~ation 

4.: Jrives 
.; • .:: • i ~cope-

:'!tf: q:.!ali ty or a2justf!len! of all machine drives (spindle drive, 

:°.:>er: c~ri ves) s:mll ::ie VP.rified. ~~S_·F-Cially it shoule be mea
sur~d ~ 

a) sp i.r.rJ! "? o~.i~eas ~~:a f eec r 2 tes (only in the cas-=! of cri ves 
'.'·i i.!-1 ('0~1ti~uo~.::s veloci t.y c!1ange) 

t) f:1.·H:~:r:y C:f the;- ::-0~!e='le!1t C)~ feed drives 
r-) e ~ .. ~ c i· P··r-·· o" r:rJ· ~·= s ~1 - J. ..L - .• '" ·- -

) -· . . .. . ~ ,'\~~ .. "':: I I _. p ":"")OC.(•11': 
.. - ... ,' 1'..,:.;. -- . 'I.... .. - ._ .. l ~ .. -· .. ~ r:~ ~'?ed re.tE>s ::houlc be rr:e~surf:'d either 

f.1r ··~c~: ~~..:-sitiC1:. c1f co!"l-!:rcl:er 'JSE-d. for ad~•1str;1ent or at 

le~st. for ; ts ten posi tior:s i:1 the \'!hole :-a!!~e unifo.crrly 

.::1"' ,.~c: tuul 8pi. · jl':? spP.eds n:~a f <:eG re.tea shoule di.f i'er from 

t.::e tri~or"'t :c:nl valu<::s ;!o r.ore t"l-11~n by 10%. 

( ::.r1 thE c:'.'ls'"" of feed rate) 

b:,· m~ans or the equip::!er.t 

of scale anC! stop-watch 

°')) .:!1e .:'] ·•~:--ic~· Rhoul~ b'? r::Pasttred for the r.iinimum f.eed rate 

only :!y means of eial gauge.:·,, .. mJvement ct its hand. is 

·1 1 ~t,ched. :.o stick-slip rrotio!1 si"~ould appear (the hand ot 
1.:-.€· ~i:il ~m~~-::- sho11ld !'lot stop~. 

c) :-he powi:-r o.r dri -.ring mo tor of eact drive should ":.1e measu

:::-,~d. rhi:> r:.ax. spir1d~e speed or feed rate ( :'!· rflrid travel) 

i~ 'JS<:-d ror ~-his :-·easur·err.~nt. l'hi:! power ie measu.r,~a en 

·;h..., i:";:ut. of o~ ·riotor ty r:,eans of v:att measuring equip

~'?nt. ~,:-.'? ,·;o•:.er : (;a,m~r~d fihould be comparable with the 

~ o·:r l', ._.,:_~ i:::~ •:.~1s found ~.ut o:i thl? prototype. If the motor 
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is used tor the rapid travel only, the power measured should 
correspond with the r.:otor specification. 

4.J.J :valuatior. and expressior. of results 
As the result it should be presented: 
~) :te veluss of the actual spindle speeds ~nd feed rates, 

the compari/son with tha theoreticel velues 
b) :'he statu~ of the motion (fluent motion or not) 
c) -'he powe:-:- r.·easi;red, comperiso!l with the power expected 

4.4 Lu~rication 

:'he functioc and adjustment ot all lt•.brication systems on 
1.he ms.chine s!1al 1 be verified. ::::specially it should be veri
fied: 

- if r.11 lubricated points ere lubricated in proper way (the 
qantity of lubrican~ should correspond with the pU.!"pose). 

1 - :..r e.11 th"? lu'!Jrica.tin€ ar-d filir.g points are marked properly. 
- if there is no leekace of the lubricant out of the machine 

(on the floor) 
- if there is ~o ~)ai:itin~ :>:i the nipples 

-t • .i.2 :.:e~lwcs to bE :1see 
!t ~~ verificat~on !s to b~ done viselly. 

, • .:t.; ·.::valuc.tion a~d expression of results 

A.e the resi;l t '.;(,e list of shorc:o::;ings (if e.ny) should be pre-
ee:-.ted 

..;.. 5 ~:rdr-e:..tlic equipr:iE>nt 
•i.'.:. I :,jcop~ 

:'}1e q:.:.ali ty of tl~e ~.sse-r.ibly and e.djustr.ient of the hydraulic 
eystea shall be verified. Bspecally it should be verified: 
-if there is no leekage of the oil from the hydraulic system 
- i~ "the pre-es'J.r~s ln all circuits correspond with specifica-

tion 

- i f'nll p~rts of hydrai.tlic control system are properly marked 
- if Rll connection of flexible tubes afe properly marked 
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.;.s.2 r.:ethods to be used 

1'he verification i~ to be done visually 
4.;.J ~valuation and expression of results 

-~ tte res~lt the list o:f shortcomi:nes (if any) should be 
;rese!lted 

~.6 Cooline equipment 
4.o.1 Scope 

rhe quality of assembly az:d adjustment of the cooling equip
~ent shall be veified. Especially it should be verifie1: 
- if there is no leakage of the coolant outaide the me.chine.· 

rhe full quantity of the coolant shall be returned back 
to the tan1~ without any problems. 

- if it is possible to adjust the flow of the coolant to all 
points of cutting process. 
if it is possible to ::~-~l:L • .-::e "'.;>: dir~c:ion and the quantity 
of coolant delivery to the cutting process. 

- if t!1e max quantity of coolant delivered to the cutting pro-
process corresponds 

4.~.2 :~thods to be used 
with the specification. 

·.) Yisu-i! 

b) stop-wetch and cal~brated po! for coolant qantity measure
r.:ent 

4.6.J Eval~atio~ ~~c expression of res~lts 
As the result it should te presented: 
a) the list of shortcooi~gs (if any). 

4 
.... . : 

J) t::1e ::iees'.lred quantity of coolant, comparison with tech.11i
cal specif lcation 

·:'o::~trol act:..iators and displays 
.3cope 

~he P.fficient, ~ealthy and Rafe interaction of the operator 
1.'if th th~ machine shall be verified. Especially it should be 
verified: 

- the surf ace of the hendles (no sharp edges) 
- t~1~ f nrces on all the actuators (positioning parts), by 

::"!Ea!:.s of v;hich t:1e positioned parts of the me.chine are moved. 
l'he forces should be comparable with the recomm~nded 
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forces {with forces foucd on the prototype) 
- labeling of control actuators (co~pleteness,durability, 

visibility) 
- labelin£ of the displays 
- the visi~ility of the numerals of displays 
- t~e quality of the ~raduation of scales 

4. 7 .2 ;.~eth·Jds to be used 
a) visual 
b) measurement of the force on the control actuators by 

ceans of suitable equipment for force measurement 
( e.g. spring-scale) 

4.7.J 3valuatior. end expression of results 
A.s t!1e result it should be presented 
a) t~e list of shortcomings (if any) 

b) the forc~s measured, comparison with the forces presumed 

.:,..c Spind!e 

:.;.. a. i -~cope 

:!1e _;!'oiJer ~c~u~tne"!'lt f'J! spindle ~earings shall be verified. 

a) clP.ara:ic~ 

or~ly ) 
in t::e . . Jeer: ::c;s (usually i~ the front bearing 

~~s ·i::"J.g 3/~ci:!! equii)ment the radial force is applied er. the 

s::i!'ldl10- i!'l tile pl~r.e 0f tl'lP. bearine ::ieas~ed ( for t!1e 

\or:z~L. t~l s_::-.L1dl-: i '1 ···'-:'-rtic~l direction, for t::.e v~r"ticel 

32i~~l~ i~ ~r~ direction) • ~he force changes fro= G to 

so:::•'· :·:,e.x. vP..1 •1t;- i1 c~e 1 Lrection, subseouentl<tr in ~he .· . --
r~ • .., ... a..~· -

::.-it~ d irr~cti.o. :"::P, 3_· ecif:.l ~qui~·r.i~nt s~rves not only f .Jr 
~ore~ ap~lying, bu~ for the !orce meezurernent as wP-11. 
~1') max. f 0rcA r.mst :·,e at least twice more than the force 

::ecess&I"J for the cleara:::ce elimine.tion (!or the h·)rizon

-:al op-.i.··dle it l..s !.ISually ~.·.1ice the \-:~ie;ht o: thA s;~indle). 

:-:1 tl1P 3e.:,A. tin~· th~ rar:ial rie~lections b~tween t!1e spi:-i-

-.::~ s.:.'i!"!cle hP.ed ere ~11easured ty means or di.el gau-
....... · . ._;) . -.:..• 
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4.B.J ~valuation and expression of results 

e) The defl~ctions measured are plotted v ~rsu.s the force 

applied c: n the ere.ph. The clearance AX in the measuring 

point is -~valuated trrn this graph (see fig • ..;.). 
~ 

~ ~ 

~ 
....... 

__,..,,.. ~ 
.;"' 

~ J 
AX I I 

[,...o"" I 

J ......... I 

............. 
V" x 

0 

F • 
::ng.4. 

L::e actual radisl cl~erance in t!le spindle front bearing 
should !lo? calculat.::d usi:-ig ~omula (1) 

~les:ra!'lce =Ax (1) 
12 

~'o";h t~:e radial cli?erence ~nd t~!e azial cleara:ice should 

:;P. present~d es tr.e result of t:his l'!?eesureme:it 

'J) :':-.e r.~""t. ter.:pere.ti.trA w=:e.3ured on the surface of the spi ~
d lr= h~ad s'.10uld o~ prP.sented as the result of !hP. heating 

:·ote: :~.e ~~H:.pe-ret:ire s!1ould !'lot exceed the tempero.ture 

o! f'!lViro'.'l:::f':.t oy nore than 40° C for normal 

:iccuracy mnchinen ~nd GY more th!lll 25° ':: !or pre
c, in=ion ~achines. 

~.~ :1~ctricel equi?ment 

~he el~ct~:cal eouioment shall conform with IEC 2C4 • . 0 

:.;;~P.ctricel ~qipr.:ent fr i'1dust.rial machines 
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~ ?unction 

5. 1 Scope 

All the functions and their combinations in th~ whole range 
~~d in all ~achine ~odes shall be verified 

5. 2 ::ethoi:ts to :;e used 

a) ?he ~er.~al control node 

:'::e ~~ro;:er ~U.."lctio11 of all control actuators ~nd the res
?O:-ises or the !!lac!'iine shall be verified. 

~) :;:he a~to~atic control ~ode 

~e testinr. pro[rarn ~hich contains ell the functions of the 
machine, their changes P!ld combinations possible according 
to the machine S)ecificetion shall be used. '!'he edition 
possibilities should also be verified. 

c} 3tep bj step code 
0 

:he se.r.:~ ?r~€rBE es ~ the autorn~tic control mode should 

5.] :::v--al~1etion end e..~;ress:.on of results 
~le l!st o: shortccrni~GS (if any) sho".lld be presented as the 
r~::nlt 

C ~ .. ccuracy 

(:..1.1 :;c0pe 

'L'~e ceonetric ecc:rrecy teats eccording ISO acceptance condi
tio:is .._,f r:l~c!linEs - test c·J~e :or ;>artic".llar type of machine 
~hall ~~ cerr!ed out. 

~.:. ~: :.~e~hods to ~~e used 

; 4 --: 
e I e..,. 

:1~e t.:-3t met:10~~ ~.1d test Condi tio:::tS shall °Oe i!"! the COEf or
:r..i. ty ·:::. tl·, ~·1·~ .:;e!1i:ral sta:idard :L80 2;.c-1: AcceptA.nce code !"or 

'.::~c::i.:~ tools - ::-er~ i: ~eometric accuracy of ma.::1ines ope::-a

t..-.~ :t··:i:l~r :·.o lc·9.d or fi:-.izh5n~ coni:1itions 

:'1:0;: ~v~lt~ati.on r;~ rezul ts shall '.le in the cont ormi ty ·:tl th 

::~~ -~JC-1 :·:~ntioned B°bO"l~. :'he deYiations measured must be 

~!t~in t~e tolerance3 :rescri~Ad by I3C acceptance code for 
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set sever11l times to the same tar::;et ,.·osi tion !·y maens ot po

si tio:nint; part shall be fv,4:.·.J Nit. 

0.2.2 :.:ethods to 3e used 

:':&e difference ~etween the e.ctaal position ?..nd sor:ie selected 

~ ositio:: (~sually :::.e ti1f- !'irst ~ct:ial position) :J! positio

:1~~ pert i.3 t:) ~~ !'.l'2~sured. ::1e setting to -the ter~et positi

•J::. ~eter:li?:.'ited :;j t:-i: ce t"i:~ec! position of posi tioni!lg part 

shoulrl ~~ r~pe~ted at least ten times. 1he rneasureme~t is ta

~~e:1 :iear ~he cut;int; ?rocea point. 

?1-: "'.;':::r .:;houlc be r~p~~tcd in thrr:-e positions of positioned part 

( I :"5, i :'2 e•!d -~/5 o! f:h~ len<;th o! its stroke) for linear 

::-o--;e:nent C.!1d L1 four &~?t.Ulc.r positions ( .f.xSG0 ) for rote.tio-

:.£2.~ r.ioverr.~nt., ever:;tir~ se::arat~ly .for both diri::ctioDD ot the 

r·ow:i':lell"~. A:iot:1i:>r M!chir..~ part:: shoulc? be in their r:licdle po-

~i tior.s. 

. . -
~; j G. ..i.. . ·11• • . ·:. J' ....... ....."'-" -

l.!~ae·1ri :1:.:; ·:-~:·.lipr.1""'nt for l~nt;th m'i.asurement (e.g • 

·n·· :'or ~r:~lL_. ~-(~~stu·f-me·:1t ( c.utoccfimator + retlec-

·: • .::..; .:-..·:s.l.J.~~::.'.:':· ~~~~ C<i•r'-ssicn cf r~~Elts 

~:.r.: :'' :·,i:.r: 1 
; :- ili ~-:; ('f .. · ~~i tio·;L-.G "rt" f o:.' f-E.Ch test ti)osi ti on 

,., • • • 3 - .,.., L ') : :: f': .. ~ : l - _ ... • - • ·.: ..&. L· t 

·.-: . .:-:-:. 

~ - ) .-. 

.. = 4 --~--- L 
• •• 

LJ;..: .•• ,~:..r~~r;...: c-:- 0r .. )osit:.or· for pnrt.i~~;lar 
i 

;:1r•?.:J!·rr•··' ... : ': i ( i+···;) 

r.·~.::>T>~' " · r :· j r- .. r~··cect m~acur1:-d - .. - ·-...;.. . . - ,,,;:, . - - . .. ... 
... •.r • ~. •1 

~-' == -~-1~-··i 
i. .· -1 

..::1,. .;-:~:. !'·;~~t:.~,~lit-:; 1.."t' positioni:-rg''Rmex" found 0:1 ~r.ch po

u it !.o~·-· ,,_: i~~rt :-;!-~oul'3 :)·-: pr~ur:-11tad c;.s ti1e resulting v&lu~. 
:· t s:-.ot.:ld ~.~ i.'1 1::1~ c 'lr?~orr .. j t;r \·:i t!1 l:ecl'-1:-iica.l speci!ic~tior! 

o ~ t:-t.::. ;·:r,ci~in1-> •. ;~co~r!"):·.(1erl ;-err: is&ihle ve.lui:-s o! ''F. " !or 
:1e.7-

;inrt·'..c:.:1 :ir t:;ri?~: .1f U'.c:-:i:i: c n::·-? ::::-.o .. ·m in the ,\.."'L"?~X A. 
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-G.,; =tepeo ti bili t:- of ~'osi tior:ing of position cor..trol syster.ts 
..> 

or 1~ctan:;;:ular :Jath cor.trol systen:s using dogs or stops 
•5 • ..;. : _;cope 

I'he repeati~ili ty of po~i tioning or positioned parts 'being set 

3i;:veral tir.ies to the sn:r.e te.reet position dete:rmirrated by 

-::~ans of stop o:r cog s~all be find out. 

6.,;.2 :~thods t~ ~e used 
:;:,,. differc·::ce :et'::een ti1e actual position anc acme selected 

position (usually the first act;ial position) or positioned 

.. art is to :1e measur~d. The setting to the target position de

t·:.::·mirated by ~ ::~ p.-.si tion or the stop (dog) should be repe

~ted st l~ast ten tim~s. ?inishing feed rate should be used 
f~~ 1he settinb.:he ~easureffient is taken near the cutting pro

c~ss ~oi~t. 

::.'le test s::o::ld =:-<? repee. tP.d ir. three .·osi tios of positioned 

part ( 1/;, i/2 ~::e '?/5 of the len,sth of its stroke) for li

:~~s.r :::cve::::e::t and i:?. four aneuler positions ( 4x90°) for rota

tic::al r:lcverr:-?r:t, everytir:::~ separately for both directions of 

t··-= r:o\-,-.;.if:;.t. -~!!otter s::?.c:1i:1E parts s~ould be in their middle 

positio::s. 

_-::~ s~:.. t.E~_l•! :::7r .. st~r:Lis ~cti;ip:r~nt for ll?!'lf;th !"lec-asure:r.ent (e.g. 

i::i:<:l _:"?t;;_;e ) :r !'o::- nG;::lt:· :-:~c.st.:.rf:rr.ent (autoccllil!lntor + r~
fl~c t1.'r .:;~:o~ld ';~ ·1.sec!. 

, ... -
r~.&::.;. 

~.~; :~cc·.irM::f l~r:,: r~.J::r~t:ib~l:.ty of positioni:lg {for=~~ end .~TC 

::ac·:.:.n'=s c..·:d !'or t:1e :-:-.sci.::.::~s \-!i th !1Urnerically indic:?..ted posi

t ~ons) 

, ... · .. .., 
u •. , ·-

::e acca~~cy and r~peet!~ility of positioning in eech coordi

::c..te :..:·:i.:; !;he.1: : e wP.asured 

-~~ho~~ to be used 
:Le ·e:.z;..ir~nen~ :fr.ell be cF-rried out accordine to th~ 

:l.::O 230 - 2 ,".cce~tance code for machine tools - ?art ~: 

~eterr::i~ntion of ~ccurecy end repeatibility of positioning 

o~ !~?J~:?er;cnll:: co:1~rol~d ?r.e.c~i!'le tools. 
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~e m~chine stall be i~ th< cold conditions, when the measure
r:1ents starts 

::::e suitable eqt:i,;,..rnent for le:_gth measurement (e.g. lasirrinter

fEro~~ter) er for a~gle weesuremer-t (autocollimator ~ polygon) 

s!:oul~ ::e :1se-c. It should "bE: • i·-iced on the machine in such a 

•::ay, t!1~ t ti::e r.i-?asure=nent is ta~en ::ieer the cutting process 
point. 

0.4.J :valuation end expression of results 
:valuation e:1c expression of results shall be in the confo:r

~;i th tile ::·~ 2.3C· - 2 r.:entionec! above. The results should 

correspond 1:i th t~"!e tec~nical specificEl.tion of me.chine. 

~.:coMme.:iced pernissible 'lel'..les ~re shown in Annex B 

.~. 5. Li:::!ear i!lterpolation (for c:;.~ :-:achines only) 

.5. 5. 1 .Scope 

:tie accur~cy of the resulting linear path that is produced 

~y the si~~~taneoWJ ~oveme~ts of two positioned parts in two 
li:1eer axes s!:all 3e mee.sured. 

6.5.~ :~thods to be used 

::l:e s!:ap2 a:.d t!":e position o! t:1e :-est!l tin~ linear pnth should 

: e :::ees~_1rP.c ~-Y :;:~r..~s of s trc.i.:;hted~P., which is clmr.pec in the 

: :ecC? of •:ro:-k.- iece anc r_.y 'b~ans of ;>ic k -up · ( i nd·1c ti ve probe) 

·::!i.·:ch is c:::.a;-:-.riec in !:;1'? place of the tool and touch11a tre 
+ •• t . . t• ,; . 1 d. t. ( f'. -, !: .::-ai6~~ f?'l;·e :..!'! ,,1e perpe!1 .... 1cu e.r l!'ec :?..on.see _J_g.:> • 

t I 

l ______ _ 
:·'ic;. 5. 

t::~ l~:.,st!: of w?lic~ is epproximatel:r 1 OOrnm, 

0~:0~1ld l~e ~cjustod ap~!'nXi!:":~tely L1 the direct:.on of the re

~~l tant ~ov~T.~nt. ~~e d~v~tio~s ~eesured should be recorced 

W!r:L~ t:'. :~ t :.:=-.e. :~:e !'1i::.as•1rer.ient shell be take f;Uhs11uently r or 

:.Jt'.: r!.i.r~ctio;w •J:' .. :o\-~::'!?.nt ( t!;.e sE'e:e adjustm~:1t o~ rie~su

~.i~::.; "-:;~i~J~.-.~-:t, t!i~ dir~ctio:1 o! ti1e :novement of ~he recorcing 
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r.;~diu.":! is to be converted). The test should be carried out 

in all coordinates ple..~es of the machine. The inclination 

of the li~ear path in relation to the coordi!l8te axes should 

be 1: 1. The velocity •1sed for separate r.iea.euremen1s should be 

v tnd ~/10 v (v is r.iax. velocity of feed of the ma-rr.ax max max 
:.:e.chi ne) • 

6.5.J :v~luE:.tion c.:1c expression of results 

~e recor~ of eech test (coordinate plar.e, velocity) should 

~e s~mm i.'.1 :he protocol (the example see fig. 6). 

::..':'1.e strai.:;h t!1ess of the :nove~~mt (according to :;:;:;o 2.30-1) 

and t:1e dista:ice of the rep!'esentati ve lines of both directi-
0:1 )f ~ovement shoulc! : 0e evaluated on the record. 

~1~ dif!'ere!1ce betvreen the cistances of representative lines 

f0r the velnciti~e v ~ end I 'iC v shcfi.d ~e evaluated ma.. max 
in esc:1 coordinaf;e pVme. 

:~ot~: ~hP dif f~re:'lce 2·:al1.iated s~ould be less or .:,,.qual to 

20 µ.":'I. :r it is more, the- !idjustr.:ent of velocity con
sta~t ·>~ :-·. · .. ..-.: .e.tion of t~1e drives in e.ction is not 

correct (.: t zi-1.Juld "!:~ t~1e srr.~ tor all drives). 

·;-. ·~ :'";.Z.rcular inter:)olation 

:'~~.;;: acciiracy o~ t!'?e r~sul tini path the.t is produced by the 

oir.ml tar.~ous r.:o•/"!~er:ts u! trio positioned perts in trio linear 
::..xes shall :ie m·~a3ured. 

., .. ~ -· .. m-?-:s•.tr"::l"·:t :-;'.lell ~<::> cgrri~ti out accor·~ing to thP. 

~.;C - .~ .'i.cc~:pt~nc'? ~-'.'Id~ f'-:>r mec:~:::.!1e tools - i'9..rt 4: 
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·:ircular tests for checkinc: ~:c machines. 

::ote= I3C 2.]J - 4 in the stage of GD (comittee draft) 

2"pecial equipment for t~1e circular rneesurement should be used 

(e.g. jell bar + ?::: with special softwar.o, two dimensional 
.. ro':ie • l"Y recorder). 

_. · .• .:. ::.. v~ 11e.tion e~d expressio~ or results 

?~e evaluation end ex;rP.ssioj cf results s~all be in the con
fo!'!'!:ity with the I.SO 230-4 mentioned above. 

6.7 :rectical tests 
- "7 A -c.,. 1 -)cope 

?r~ctic~l tests on workpieces according to ISO acceptance 
cod"= for particular type of the machine shall be carried out. 

(.;.;; :.~et:~:ids to ~e useri 

:;1e . ractice~ t.:sts to ascr:::rtain th~ precisio~ o! a ma.chine 

~ool s;1all ::~ ~;~·1e finis;1i.n.g operations for v1hic'.--. the machine 
: .:is b·::c:1 desi~_-ied. z:H~ r.i~asurins ~ethods for workpiece measu
r•::r.:r~:nt s';-;oulc ~Je ir. the CO~lf -:>rmi ty with I:O 2J0 - 1 

.;. 7.3 ~~·rn}:.iation ~-'11 ex;~ression of r~sults 

:!.:~ '?vs.l:1~t :on and ;>:-~se~•tation of results should be according 

':o ':;ie L>: ~CCP.pte:-1co? code for ~1~ticular type of machine. 

~~~st :,~ ·:;it:i.:_'.'l :;:l(~ tol:1rsace~ .~r·.!.3C:-oibed. 

7 ~i~r~tions 
... 
I• 

.•-

C.•'•"- c ....... ~.111.•1 

·.:f ·:::l·:>Ci ty'0f fo:-.~ed vi ·-.r~t:;.ons shal 1 

:.1~ ·_··"'-:!:; t:0 • -~ •_1sed 
c,,,,,.' ~ .. ~. •"· , ,. •. , , 

-~=~-== •:-:lo~ i ~.y -::'.'n''!i :.-:"c ~io~3 i.s :~'?asur~d en the spi~!llP. head 

in t?!e .::>l~~l"? )-:>r~~"1d5.ct·ler ~.J ';!111 sp:.i.ndle axis e.ud passing 

t:r:•ou,:::1 ·;~~P. i"ri:o:!t !J~eri"lg, i..-. t·.70 directions perpendicular 

."\n·~ ~o a:iother. ,Ul t~.~ zpi ·1dle speed avail~tle are used 
~m'"::Jt:que!1tly. .:.11 t11'C: eqi!•':'e!1t us~d o:i the ma.chin': is svri tched 
on.-oth t?!.e ~:w.all baln~-:.c-::d ·.·:orkpiP.ce and the sr.iall b~l:=.n~ :1 

tool are clamped i~ positions. 

r:11~ speC;i~l measuro:-:;ir·~t -::quipment for vibration measurement 

:.s uaed 
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7.J :::value.tion a.nd ~X!.Jression of results ""~ a.\."et.~·.i 
?..~~ mex. effective v~l~e of the velocit~vibration found 

should be presented. ·.u1e value shall not exceed the speci!i

ca ted valu~. ~ecom..tlended per~issible values !or particular 

types of ~achi~es are shown in A...~nex C 

& ~~oise 

2.i Scope 
!'he A weighted equivalent sound pressure level 9t the work ope

ra.tor \'IOrksta.tions shall be measured. 

8.2 ;.:etho~s to be used 

rhE i~tPgra.tinr ~ound Level ;~ter complying with the require

"'!ents of T:'.: ~ '?uhlication 804, type 1 adjusted on A-weighting 

s!1a.ll be used for r.ieasurement. rhe microphone of the 3ound 

Level 'Jeter should be placed in the measuring point in the 

direction towards the ne.chine. ~~1e !Ileasuring points shall be 

as follows: 
- ~~erator seat~d: o,s m above the s~..irfa.ce of the seat (above 

the centre poi~t of the seat) 

-o:J~ra.tor s~a~:-:ia.::: 1, 5 !TI a"::ove the surfece on which t~e ope

... at~r star.cs( ~~ovt: t!:P. point, where he 

'.!~:rna.11:,- st1.1~ds. ~lis pointshould be cho

SP.:1 i:i ~ ~1e t:i~t~!'lce of G, 5 :i frora the cir

cu:-::f erf~!:co;:. · f ti1e :.:ac:tine e.nd C·, 5 m ~:-om 

tr .. ~ fro~:t :'l~t f' ~:·e pend~ ... ~.t (if ~~~·) 

:r ~h~ o~~r~tor takos nore t~~~ one ;osition to ~ork the ma
·~::i 10.:- rocl, t!'lo. ·~oiGo? shell ":?. measur1~d at e:l ~:, .. c.perator 
·:.·or;.:3teti.J:_!J ·~ e:·:'t:~plE- s~e !'ig. 7) 

r:1"' ·1ur~.f;ic:1 of the r.i~asurenent should be suf.ti~i~nt \7i th re
;::nrd ~o th~ c~1!1ract 0r of tho.: noise, it rr.eans of its variation. 

~l'.'~1~i t:.o:r.$ of .f;:-~P. rr:ac~1i:F, r;::il .... n~e.suring: 

i e i.. E- runn.:. !'lg 

- n~~. spj~dle s~P.ec 

- ~:19.X. ·::or1d :i.; f' ~ed vi: loci ty 

- ~11 -"·~ui:·r.~ 1Tt. ~1F>Cess~ry !or for thP no::-mal work of the ma-
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S.J ~valuation and expression of results 

The ~quivalent noise press~e levels LAeq at all operator 
workstations should be presented. ~e noise pressure levels 
should not -=xceed t:,e si: ecified value. 
:'he recom.~ended~ermissible v~lues for particular types of ma
cni1:es are sho\m :'..11 ~!le l•.nnex D 

:~otE": :r tl1e rilse power level is required to be measured by 
the user, see ISO ~JC - 5 Acceptance code for machine 
tools - Part 5: :foise. 1'lese standard is in the stage 
of DIS - draft intenational stand!!.rd). 

9 ?o":ier utili ~ .• ,;.ion 
9.1 3cope 

:'he possibility of nachine full power utilization shall be 
v~rif ied 

~. 2 ;.~e t!lod.3 to 'b~ us~d 

, • J 

i.'he '.?or'.-:pi "Ce 0! typical size ar·;d she.pe, manufactured from 
stP.e l or f'roT. cr11ci ~le st~el ( for some tY?eS of me.chine 

o~ l'it size) is clamped 0~1 the na.chine and the cutting process 
'.ls:.:tr:: rm!:;::1-cut c0~di ti on takes plR.ce. In the sru11e time the 
i:;put po·::er .:f t:1e c;1indle cri ·.re should ::e measured. 'l'he depth 

.. he motor 

· ,y::~r ot' t~:•· .:'iot()r = : l!yt-t ,:.>o'.·:~r =--: efficie;1cy of r.:otor 

·· :;..- : ~<·:ci tee ·. ~ ::::-ati ··ios )r !"i:1oth<?r si1ortcomin.;s -:;hil~ c:itti!lg 

3hC>'~~ ~ e.}"l)~Pl' • 

·· t··~: ·:· . .,. T·~c':~ ·e··:~!rl ~rrR~·'.e''t~:-:t .-,~ t!:le '""".RC:!-ii"2e, ::,•r:".':·;·er:r.er~ 

.-i-,·.-,,:: F.:.~ ~·,~-~·"':-C ::if ·;:-,ri-:rie~7"~ -:-•-,c r~(:o:r:: 1'•ndi::d c1ltting 

~v?.~.'1.r-..!·i·.'~-~ ~.:!d ~~ ... :1·J._1:-~~~ion :'·f' 1·~s·...tlt:; 

:~ :::ho111,·~ ··.,·, .;.,· . ...: ~-~ f :·~ ~·:.,·:r:r .:~f t:1i:- ':)h;dle driv~ 

~~ -~r~ty or t~P machi~e 
·- -'J.:l~ 1;y r_;f ~:~1~ rrie.chirt~ 

: ..... 1 , .. -,· ~ 

' . -
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:t !~~11 be v~rifi?d,if: 

- ell t!1e nec~SSltry ss.f e,su.arcls nre used on the machine . 
- n~ l t:~1.::- se.f et:; fur!ctio;,s ere perf orrned (e. c. iPterlocking 

cf :::uards ,. swi tcl~i~•G off the feed ~t the end of the stroke) 
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. 
.:1. - for l'~ff:a.ti 'bili ty ·J! i-'osi tioning 

for :·ic.!';ual ccr:trol r..:!d r osi ti -:inig co::trol systems 

Ar:r:Px B - reco:!'~1ended ,;..:ermissiblP. values for positioning 

accta'acy and repeatitilit.y of numercally contro
led ~:1ccci ne tools 

Arl!~ex :~ - .?ieconme.!:dec ~·er~:issible values for vibration velocity 

Arl!!e}: D - ~ecori:.:-?!'lded per!':".i.ssiole values for noise pressure level 

Ar.::~.Y. : ~eco:r.::1E-ndE>d co!:.ditions for power utilization measure-

FINAi. REPORT, VOLUME Ill, Page 31 



.;:.: .. f!X ;,, 

8) ;.e:·:-is:;i~l~ V!Jl~e~ o~ N "'or r.~r.11fSl control 
· i :. µ:r or ~ n !::-c~·~tc ~ 

J i- . . t - ·- - l -- --- -- --~~ ~e~-t~~r. ~~ ~-ove~~-,.t- ----_ -

I 
-~)· :i~r.:e .. el~~ -cro~!'! ; · -loniitll:!r.:I ____ . 

&..Jo·:e t..e .. i .. e . sl:~e ~n!:ile 

~ ( t:od to n 4 ;-- - --~--- t- l~---
i l .::'; t 0 ~ 5C 6 6 I -:. ; 

8 I 
~cc <.. c: I ., 

I f.JC 

J 

to ~~c 

to lCC;C 
t~ar. lCCO 

I lo 10 j 
_L ----~-~ ____ _. ___ 1'"_.., ___ _L ___ 5_2 __ L------ - . --

~:,~.}r: AiJth 

f ~~-) 

----- -r 

t:) ::'.j(, 

?)\.; to .ice 
4(0 ~o (,~C 

more thf;ll 6JC 

------ ----. -
r:a> r.: -~~et er 
o~ "o:-·-: 1~:e:=t! 

'--) \ .... _ ,.........._ ___ _ 

I 

r 

~illin~ ~&chines 

:irection ~~ ~ov~~ent 
~ ro ~ !i---- ~-1 O!'l:!i tu : : .-,;;l ·1ert i ~al 

! .• 

lC lG lC 
:2 12 !2 
, . 
4') 15 15 
l '" ..... ~~ l~ 

Eor-i zon.t&l borinr-: :..ec~i n·:s 
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~:-i!\c!ing 1uachines for internal 6rinJi~ 

I ~·&x -!iaa:eter o~ 
t~e hole 

~It:!!) 

I .-
I 

Uirection o~ ~ovecP.~;----,-
cro~s longitu~in~l 

--------------- -r----------;-
i to EO ! 1, 5 15 

~~rt- t~e~- -~o ____ ._....J.l ____ 2 ____ ~ _____ 2c __ _.. 

~ur~Hcl? 5r.in~in,~ :::&chines v.-i t?l ~1ori zontal ~pinrlle 

- . -
":'able wi:!th ~1ut} Jirection or coveeent 

- -- ·verlicil-- -- cross .,_ _______ ·-=-=~ --- ------------ <--

~ o J20 1,5 6 

s ]2C to 5CO 2 

r------- -

I ~-a..1~ ··1· _, ... ,,,.._, 

.c:_ ~ ,~~:~ -~~-·~· 

r- to C:JC 

L~--~-__!!" __ .... :'l_:: ~jC 

~.5 lC - . - -- -- --~-=----_J_ _______ __. 

~i~ection ~, ~ove~ent 
vertic&l ---- --- -- ----------------t-

j 

4 . ----- -- __________________ _, 

b) :ceco:n:tcnt!~ r-•::rc:i:-c:ibl~ \•&lues of a !'or po:'litior, control 
C.ftX 

~'JSte~1 O!' ~or rt-ct~ntrllla!" pr•th cont:-ol -:y!"t~:.i u:•in6 sto;> or dog!! 
( i~ µ~ or ifi brc ~eel 

j,- .. ---- .. 

at.ax t:!i 91!.~ter 
above the ~lide 
'~a~ turnin~ dia
iteter (E:n) 

to 125 
125 to ~5C 

?5G to .+CO 
4CO to 6 ,c 
cjO to lCOO 
f!'.ore t!'lttr, lGOO 

Lblhcs 

I 

~irection of ~ovem~nt 

cross 

8 
10 

1) 

16 
18 

20 

lon~itudinal 

15 
20 

27 
jO 

JC 

35 
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:>iaa:ete:- o!' 

ch:.iekin;:: ;>l;.1te 
Cam} 

to lCCO 
lCOC to 15CC 
leCO to 2;00 

250C to j2CO 
:!Ore th12nj.?CO 

·--·--

Table ..-ic! th 
( c::n) 

to 5C 
?)C tc 4CO 
4CC to 6JO 

I 
~;c to 10(.() 

J l!:Ol't: t?".anl(;C:O 

Table wi.lth 
( ICJl! ) 

to lCOO 
1000 to 1600 
more than 1600 

! :>rillin.g 
~ia1teter 

(mm) 

to 25 

25 to5C 
1tore tr.an 50 

'/ertic1:1l lathes 
-----

:lire ct ion 
cross 

le 
24 

; JO 

JG 
J5 

, .. 11. h . ... 1 in;; fllAr. ,1nes 

----
o!" l:OV~IC 

--
ver 

-

ent 
ti cal 

24 

JO 
J5 

35 
.:c 

:.ir~ction n" ·-.cvee:ehl 

cro~s I 1 nu!~i tu;!inul ; __ -~c=-t ~-c~_ 
·1-·---u---r l? 1 l:> 

i 16 , i~ I 16 
I ~o :>c ; 2c. 
i 
I 

P.orizor.thl 

.·j 

25 

bori!t machinP.s 
Uirection o!" lloveme. 

25 
25 

rO!J9 lon8itudinal rotational 
13 13 
19 18 
24 24 

Drilli~g ~achines 

Direction o~ movement 
vertical 

40 

50 
60 

18 6" 

24 6" 

JO 6~ 
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.. 

Anne:.< A - 4 

~e~r hobbifl6 an1 bear shaping c~chines 

o~ the ~ !:?Sr (It~) 
----- -----

to 160 
16C to )20 
320 to 500 

i:cor'= t~ on 6CO 

Cylin:!r~al 
:Lax di&ceter o~ 

wo:-kpiece (mr:) 

to 250 
?50 to 500 

~irection of ~ove%~nt 

radial 
12 
16 
2C 

24 

grinding machines 
~irection of ~ovement 

cross 

1,5 
2 

:-.. \lre t:i:m )CO l ____ ----------- ---~!~- _________ _ 

!'a~le wi<!th 
(1 II!) 

Sur~ace 

to J2C 

j2C to 'JCO 

more t?":lin 5GO 

~irectio~ o~ :ov~~ent 
cro-,s 

grinding ~achines with horizontal spindle 
~irection o~ reove~ent -v~~l rc·ar-- -- -- - c"ross 
2 

2,5 
l 

j 

4 

5 

-

3urface grinrlin6 m9chines •ith vertical ~pindle 

'!'able wic! th 

to 320 

320 to 500 
rtor~ t?'.&n 5CO 

Direction o~ movecent 
vertic~l 

8 

10 

13 ----------- - ---------------------
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Anr.ex B 

~eco~~en~ed pe~i~~ible values o~ unirlirection&l repeatibility R~ax 

an1 accuracy of positionin~ A • 

Ir. the tables ~or ;Hirt i cul !lr t.1pes or r:!sc i nes fol lowir.t! 

psr&itete:-~ ore s!loilrn : - l!:dX. pentis~i ble ;mi:li rt?c tional 
repeati bi lit ·.1 a 

" s:ax 
- ~aA. permissible reversbl value Bmax 

- t~e gra~e of accurucy o~ cumulative 

e~ror ~~ax• Ma~. pc~~is~ihle cumul~

tive error is to ~e ~ou~~ on the tH~le 
on the la~t paie o! thi~ h~nex sccor~in~ 

to t~e lec~th o~ the ffiovement ~easurej. 

:'!le recoml!:en-!ed ~err:i~sible value o~ acc 11racy A sho.il<! be 

calculate~ fro~ t~e for~~1~ 

~ax. dia11.~ 
a~ove the 
{max turni 
~iair.eter) 

( 11:11) 

ter 
slide 
ng I 

I 
I 
! 

g .. ,., ) 
cax v~·1x 

Lathes 

.~ire ct io:1 Fe1·:d ~-:;it.1~ 
-- -of :r:cwe!tt:n t ,., 

all!hX vraax 

----·-- ---· y-

to 125 I cros~ VI 5 
I lon5iturlinal IV i 7 ! I 

. ··- . - - - - .. . -------~-

to 25C cross l VI 7 
____ _!_~~-a~i tuc!inal 

t 
IV 9 - . - --- - - -

to 4CC I cross VI 8 

125 

25C 
lon~itu"inal 

I !V 10 I 

v~lues 

8a:ax 

5 
1 
7 
9 
8 

lC 

Cpm) 

- -------- -· ;.- . --- - ---
! to 6j0 j cross VI Cj 9 I :.co 

' I 

rr.ore t~ar ~ 

tolOOO 

- - -
l~CO 

' 

' • 

··-

longi t•J1!i1,al 
- --·-- -- . --

cro!'la 
lon5i tu.1inal --- -·-- --------·-
cro9s 
l on;_;i tu:li n&l 

IV 12 12 
---· 

VI 10 10 
IV 13 13 ,_ __ ----- -----
VI 12 12 
11 15 15 

-

- . -·. - .•. --- --- - - .... - .... - - - ---·- -
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"/crticc.al l&thes 

r:::~t!ter or ~t-te -~- -~~ re~ti°n Pe!'$i !<>Si hle values (pa) 

I c!'luctinl'! ;>l&te o~ a:.oveeent ----c----- - R B•ax i ( £1:!) i a?HX U:!tX .. 

-- -- ... - - f .. -------------
to lCCO I cross ! 'I 10 10 

-- ---
, vc~~ic~l ______ : _ I 'I __ 13 __ 1] --- l 

lCOC to i~~co 
I ----- ' ~~~~~cal l I~ I ~~ ____ Lil___ ! 

. cro::is I '/ - lS 18 I l ~(,Q to ~;co 

-- - -- - - ~---v_e_r_t_i_c_~_l_~ __ _!! ---l---~?. ____ ~?_L_ _ 
?5CC to j~CO 

I ... 
1ore th&n 

cross t V ' 22 22 
: :;~~!c~_l -- - ----~~ -- - --- ~~ ---- ~~ I 
l_ ___ ~e:ti_~~l ________ __ r1 jO 50 

J?C :.: 

L_ -- - - . 

l:illin~ 1tachines --- --- --- ---

:'able width 
(mm) 

to-----------------
to ~5C 

-- -- - --·--- -- ----------------
' liirection 

0 r cove1u~nt 
i·f:r:::i ~si ble values fua:) 

~~~~x P.~ax 8max 
--- --- -- - ---------- -- -- -------- .. 

cro!'"s 
lO!lt!:i tu.~in.ll 
vertical 

v 5 5 
------------p----------....._ ____ .__ ___ ~-------

2?~ tO 400 I 
I 
! 
i -- ' 

~JC 

6)C to lCOO 

to------ -- ----- ---- -
mor~ than 1000 

Ao._ ______ -- - -

cress 
lno~itudinal 
vertical 

rross 
lon£it;.irlinal 
o::ertical 

cross 
longi tu:Hnnl 
ve:rtic;Jl 

v 8 8 

-- --- ----- -----------
v 10 10 

'I 1); 13 
. -- --. ------~-----1--------t 

15 C~0~9 L 
longit~~inal V 15 
verti~al . ·-· ---· ._ __ - ·- -- . ------+-----· 
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"nnex o - J 

Horizontal ~or~u~ ~&chine3 and ~3chininF centres 

------··-

I
. Tb??le _.iiith 

(II:~) 

far~llel to th~ V 
:· ;.in<!l11::~1xi :t 

I ~ot. tbble )CM 

81:ax 

6 

8" 8" -----. ------ ·--· -
25C to ~~C : :i'i?r;Jen.~ic•&lilr 

i !.r:illel 
I :lot. u:t~ e 

~-------·- ·-·· - . - ' . - . 

4CO to 6)C ! re r~~r l~ i (" lJ l ~=
r urf£11 el 

,___ __ --- --

j t- JC 
I 
I 

~-
I 1 ccc 
! 

to lCOO 

to 1..:.co 

· ~ot-. :'ebl'! .. 
;· e rpoen~ i c .J !. <Jr 
larull?.l 
:~ot. t!:~l~ 

, ::~r~en:H ~~lar 
Ft.r<sllel 

; Rot.t<.;tle 

'./I 

v 
)C" 

6 £. 

8 
6" 

VI a 8 
v 10 lt 

)C" 8'" e• 
-~t --------~ 

VI I 10 10 
f I 1) 13 -.. J\.. 

'./'"; ., 
JC" ------ - --

' ;;" 8 .. . ~. -----------t 
i 13 

15 
B" 

l] 
: 15 

h- ·- -
I 

~.:ori: t~an lCVO i crp~r.ji..:~l&r ·11 l; 
~~ral~el V 18 
~ct. tabl~ JC" 8" -------- - - ·- -- - -- ________ ..__----" ____ _.... __ --t ~i~ 

'---·---"-t: __ _ 

1 :'a!>le ·&i:tth 
(el~) 

--- --

:.0 lCOO 

-------·· --· - - --· --· 
a:ore th~n lCOO 

: . .Jirection '>~ 
:tnvelr.•! nt 

1.erp(;r.~icular 
tn the . ~, sp1r. ..... c 
:i:.ns 
Fttrbllel to 
l ~lt? spindl.:! &xis 
- -- - . 

Perpen~icular 
hsrallel 

I 'III 6 6 ! 

v 11 11 
'III a 8 
1 15 15 
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:oor~inbte ~rillin~ a:achines 

; Drillin~ jiar.eter I :Ji :·eel ion I Ft:-!!:. i •; s i ?l l ~ "I& ll@S lwnl 
i !•1t~ ! 

o~ ~ove1t.:?nt c R B -
I 
I lti•X a;a'.lr a:nx 1----- I 

- . - . --
to t) ·ion~! t•1j i r~ul ., 15 15 I 

~ cro'8 v 15 15 
verth.al IV 20 20 

r 
I 
I 

25 to 5C 
1 

101151 tud1nal v 18 18 
v 18 18 I cro!l2 

I \•ertical IV :15 25 -
!!:(.\re t~!m 50 longi tucHn&l 'I ? • -.. 24 

cro~'s 'I 24 24 
\•ertic&l IV j.; 34 

~ear hob~in~ un~ ~ear ~haping ~lichines 
---

~&x he&d .!ia
~eter o~ t~.e 
geor (Ill!:) 

:.irt:ctin or Pe~ai!:~ible values {ua;) 
G:oven:~nt c a.ax ali:fJX Sll!BX 

I 
- -------

rudiul v 10 lC 
. --- ---- - ----·--· 

tc 16C - ·----
16C to )20 r"A1i<il v 14 14 

- --
J2C to (;C-0 radial 'I 19 18 

----· .. --- ---- - . 

r.-.ore than 6CCO ro~ial v 20 ::?O 

Cylin~ric&l ~rinJing machin~s ·--- -- ·-- - - . ----T- ---· --- . - _ ___;::._.. _______________ --i 

~&x. dioceter I ~irection Per~i~~ible value~ Cu~1 
o~ work~icce I o~ ~o7e~~nt C~~x Rmax Bmax 

..._. __ .....;.<_~-:-'-2-5c- -- -t. c-;~s;--. -----+--V--I-I---+------+------t 

I lon~itudinal VI 

I ln~~itu~i~al 7! 
Z)O to 5CO ! cross VII 

f0-~-.~-~---~-~-~-~----~--~-c-__ --__ -_-~~-~-~-~-~~-~-t_u_d_i_n_a_l~..J.....~-~-i_1~-~~~-~~__,~-~-~ 
Ir1tP~11:~1 ,:rindin;..· mLJc~ines 

:ii:-c:ction ~r 
r.ax 

.. -- - -----· 
C r\lSS 'II: 1,5 4 
1 O!".t~i l·.1 ::r~~·l "': __l_i_5 

,. 
c 

\!CCl!"3 'iI! ., 
5 

:n:·,tit~:!inul 'II j e ----· . .. - .... ·-
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~u~~acc grin~in~ ~achines ~ith horizontal ~pindle 

• 
: 'l'able width 
• Cam) 

to J20 

)20 to 5VO 

more th&n 5CO 

\~~:-:S'tUr~.j 

len,{th 

over 

J 
6 

10 
18 
JO 
50 
so 

120 
!SO 
250 
315 
~~Q 
50;) 
€.JO 
a Jo 

lOOJ 
125~ 
16~~ 
.?J00 

.. -... . , - ... ; -- .... .... -- . 
• ""! ... -- .. · . -. 

,,,. - ' -(.... ._· 

3 e 
10 
lo 
JO 
50 
cO 

l2·J 
loO 
250 
)15 
400 
5JU 
oJO 
euo 

1 v:.u 
125) 
16~J 
2::~0 -- --. ~") - .J 

;15~ . -- , --..... -~ .. -
.,;.~ _, 
... ; .. ~ 
Iii.._,\..-· 
,.. ...... -
• • ! 
• r.., - -
·-~· .... 

0 

~6 
;o 
4 • "', 
5~ 
66 
78 
92 

lC.8 
126 
l.;2 
;62 
11a 
1S' 
220 
250 
2SG 

:- .............. ..._..,,' 
i: ~ ~ 
i ~~=- ~-. ~ ... 

I :iirection o~ Per1:d~si bl e values Cum) 
I 

1tov~ment ·- " l\.ax i "'n:.ax . 
I 

I 
2 vertical VII I 

cross VI ) 

I iOll6itut!inal III 10 

I ·1ertical VII 2,5 
cro!is 'II 4 

I longitudinal III 12 
I 

I 
vertical VII J 

! cro~s VI 5 
I lotlt;itu\!inel III 14 ' ----------

ferr..i ." ~i ?lle \•~lU•:S of' Ca:ax {pm) 

I 

~7 
JJ 
J9 
~6 -. ::;.., 
6) 
72 
01 
89 
c;,7 

110 
125 
1.:J 
ic5 
195 
")·"' - .,, 
~ --, - . 
~· .... . . . ,,,,,,,,.., . . -., . ·~ 

1'he ~:-ade o~ UCC•ll'SCJ 

I! II! IV \' 

10 
1.? 
15 
ia 
21 
25 
JO 
J5 
.;o 
~6 
52 
57 
6J 
70 
cO 
50 

1 :,5 
i~5 
150 
175 -. -
.: '~ 

, .. 
a 
s 

11 
l) 
16 
19 
22 .,_, 
2S 
J2 _, 
.JO 
40 
.;4 
50 _, 
'c ,. ,. 
00 

75 
~2 

i ~ .:, 
~,;:; 

~~ 5 

' "' ) 
5 , 
,. . 
0 "r 

a 5 
9 l 

11 7 
lJ a 
15 10 
18 12 
20 14 
2) 16 
25 18 
27 20 
JO 22 
)5 25 
-tO 29 
.;5 3-' 
54 40 
&5 4a 
..,,. -7 

I ::3 lls ,.- -.... ,_, ,;') c._ 

1~:~ !~; j 

!-:-... ~ ... ~~ i~~ 1· , . :·.,. 

..... . ... 

~ --- .... 
~.5 

3 
• , 
• 
"' 5 ,. 
0 .. 
0 

10 
12 
13 
1;. 
10 
18 
21 

)5 .. 
~. 

- "I - . . . 
,. -
C· . ,, . 

.. : . . • - . -. ; ... 

I ··~-,~ .. 
. ~ 
If -, --'") 
1,5 

2 
2,5 
2,5 

J 
4 
5 
7 
8 
s 

10 
1 1 
1) 
15 
i5 
21 

':"I ... --,. .. .. .,, . --.: 
,_ -. 
... .... . ·.-... · .· 

8max 

5 
8 

25 
6 

10 
)0 

8 
12 
40 

Y!II 

o,a 
! 
l , ., -·-1, 5 

1,5 
2 

2,5 
J,5 
4,5 

6 
7 
a 
9 

10 
1 ~ 
1) 
15 
i8 .. ., -_, 
..:c 

•' ..... ··-
. ' 
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Annex C 

Recommended pera:issi ble effective v alues (RMS) of the velocity 
ed vibration~. 

j . 

and deviation~ o~ 

Lathes 

V-ax. c!iacieter 
above the ~lide, 
!t8X. tu!'ning 
rliac:eter \mm) 

to 2CO 
2Cv to 800 

more than 800 

Vertical 

Diameter or the 
chuckin~ plate 

(mm) 

to le~ 
ir.ore than )CCC 

!.:illing 

!' a;::er hole in .-
tr.t: ~~in:!le 

···-· -- ··----
to ;c 

ro:ore t~an 5C 

the fore 

u:m.s-1 

1,12 
1.8 
2,8 

lathes 

c:m.s-1 

1,8 
2,8 

mttchines 

.. . 
a::m • ~ -1 

1,12 
1,8 

a~s 

Rlr!S . 

pm 

10 

16 
25 

µm 

16 
25 

---~~-
lC 
16 

3ori nr; :nachine!l 8 r.~ machininfi centres 

l'!iper hole in 

the ~pincne 
-· -- . ----

to 5C 
mp re than 50 

F. 11.S 
i::m.s-1 

1,12 
1,8 

m 

10 

18 
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Annex C - 2 

Geer hob~1ing !!?&chines 

r&x. head diaceter 

o~ the gear 

to 500 t a:ore than 500 

RMS 

mm .. s 

0,71 
l,12 

urilling machines 

• t 

Type end size :d!S 

mm. s -1 
--=------- -

T.:.:thl~ t:;pe 4,5 
.=ox ty;Je :! I 8 ----·--
~?::! i al - ~ !'i 11 ing " to 5G 2,e 

!'::or a t ~!hr! ?C ' -.. , J 
--

:.i ::::.~t•r or Rfi.S 

,,..orki;iece liim. s -l. 
( a:m) 

to JOO c,2e 
::ore th '1!: JCC C,45 

. 

\lm 

40 

6 

10 

---·---
20 

20 

~c 

pm 

2 

J,5 

!nternal grindin~ machir.es 

Fd1'S 

-1 
um a:.m. s 

C,71 6 
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Aiinex D 

Recomn;en~t!d permi~si ble of ec;uivulent noi St! pres~are level LAe•i 

on t~~ operator workstation 

rype or the ~~chine 
LAeq (dB) 

Grin~ing machines 75 
!irilling machine~ up to l,6k~ 75 
~rill in~ machines core than 1,6 

kw 78 
All another ~echines ao 



.:\nnex .. 

~eco1t=:ende1 condi. t ion~ f'or po\ver uti lnt ion l!'C6!it:.Jrement 

1 Lath~s 

a) ~orkpiece in the chuck (see fig. l). 

--1 

~ 
I 

I 
I 
I 
l 

Lx 

I. 

II 

p&Q?Lo 
Lo= 0,40 

·::orkpi e:::<? .!i.!"Ji:eter ~ = c,1 ~) !c:ax dinrr:eter <tbove the 

len5th L = c,~ 
0 

plr:ce or turnir.i; 

muteriol - :Jteel 

C":UX 

J 

p = 

6CC 

91 i~e, r;1 r.x. t.irnif16 dia
lheter) 

0,2 " LQ 
_'1 

:l .m11 '-
I'ool ·,. i th i n:!eY<Jble in~ert ~ro;: hCJrj r • .:t Lil (K C 5 - Y. 1.0 } 

"" . -0 .... = ')') 
r = 1,2 - 1 1 6 r.~ 

:uttin~ cor.~itions : cuttinti speed v = l?C m.~in- 1 

~ee~ r~te (:Jee t&ble 1) 

~epth (h) or width (b) of cut 
is era~ually incre&se~ till t~ll 

power o~ the machine is utilized (s~e fig.2) 

7otle 1 

;) 
r;.ax ,....----

Feed rote 

~irrction z -~: ?'ec t ion x 
i··~-·· . --· to 160 . C,5 C,J 

160 toJ2C . 0,6 c; 35 I 

f 
320 •.o5CO c,1 :,4 -- _.I. 
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·--..... w - c 

I 
J - -. 

.c. 

~' NOrk~iece het~een centres !see ~ig.Ji 

Lx 

·::o:-lq::iece 

l . 

L,... • ., x 
I 

I) 

' E 
I Cl 
I 

....,. 
I er • 

Cl 

I. L16D 

dia~eter D = 0 1 4 D~ox 
lent?th L = 6D 

~ 0 

1 
I 

I 
c-0.8d --r 

places of turning Pr , pl! , pIII 

a:ateriel - steel 5CC N.u-2 

Tool : the sa~e as ~or worY.piece in chuck 

Cuttir.g con~itions : t~e Qri~~ as for ~or~piece in chuck 
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:.rm~x E - J 

2 1ertic&l !~t~e~ 

• u 
E 

% 
~ 
a 

o) :.••chine!! with one sa..i:!le 

:r 

a b 

Fi~. 4 

Workpiece ~i3~etcr D (in the plnce or ~an~~acturing)= 
(C,6 - C,8) Dd 

Tool 

wh re Jd is the dia~eter o~ chuck plate 
hlgh H - '~ ~ 0 4) H • • - 'v'..) - ' !tAX 

material - crucible steel 
·.vi th in~ertable insert from herd r:etal 

.. 45° 

r = 1,6 1:11 

Cutting condition~ :-cutting ~peed v = 7C m.cin-1 

-reed ~ate ( per one rotaticn o~ table) = 
1,2 - 1,4 ma for Jd ~ 2COO r.m 
1, 4 - 2 ir.ru ~or D,! ) ?COO 1r.111 

- dept~ o~ cut i~ sr~dually iacreaa~d 

till r~11 powe~ i~ uti?ized 
- ;.l:.;cer o~ turr.i f:t· - P 
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b) ~achines with two ~or three) ~~~rlles (see ~ig. 5). 

~orkpiece : the sa~e ~s ror o~e s~~dle r-~chine 

Tool : the sa~e as for one sad~le ~~chine 
Cutt in6 condition~: the s&Cle a:? ror one su.Jcle r:achine. 

,;11 sa1~les are •Jse~ :""or turr.ing 
i!l the Sbce time 
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Ann"!x r. - ) 

J llillir.e :-. .:ic!'li n~s ~n:i r:achin ir~!~ cer.~re!'" ,.. i th hori Zt)nttal ~pindle 
&r.c ho~i~or.t~l ~orinb :a~hinP.~ 

· e xan:ple S-3e !'ig. i). 

Fig.6. 

~orkpiece :-~he bar ax a, a = 0,75 D ., 
-~at~rial-steel ~CO N.mm--
-clempine - r:igit1 connection with table 

...., 
0 

II 
;i: 

!ool: ~ace cillin~ cutter Nith iadexable inserts prom t.ard 
:::et al,~ = 75° 

~ie~eter ~ = app~oYimstely 2d, ~here ~ i~ diameter 
or ~pinrlle 

:utting corditions:-r.uttin6 spee\1 v = 130 m.u:in-1 
-ree~ ~&te n,2 - 0,35 mm/tooth 
-rlepth ~r cut i9 increa~ed till full 

power is utilizej 

:1a~pin~ ~~ the tool - ~y ~e3n~ o~ taper hole in t~e 
!ipin.~lc or .jirectl:,- on the s;>in1le 

by C'.e~!1S o~ ~rre·~!: ' l:~r5e 1tnchin~s) 
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4 ~illin~ ~~chine~ a~~ cachinin5 centres with vertc~l spindle 
(e~a~ple see ~ig. 7). 

,----------- ---~-----''-------..,, 

~orkpiece 1 
rool 

C•.Jtti~g co~~Htions J 
c1a~p1n~ 0. the tnol 

Fig. 7. 

the same as for milling ~seine~ 
with horizontal spindle 
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5 Ra::!iel ;!ri 11 infi r:itchinP.s (see ~ig 8). 

I 

' 

! 

1; 
I 

l 
I 

. r==r i1·---- ---=---.----=- - ~-
~· ,.,...,-;: ' ;--:-! '1 

~ ~nv/ ·~~---y-
'": I fl iD 
~ I - r-_.__, -,--_1 -f I L•li~~;r.~a I 

I ~ - - ; ---~ _. • 

_j__ J -+----u_ f',.. ---~ >1 J ------- - , ,,."' I ;;. r ., .::: 

...__[;___-_---·_-· ·--_-...,_, ----- ____ ' __ '_, .... _J~ -1 

Fig. 8. 

'1."orkpiece: -"> - steP.l 600 ll.11m -

Tool 
- riti~ clampin~ to the ~ase 

: - di&rr.eter D = n:ax :-!rilling ~ii111teter of the :nachine 
- tigh speed steel 

Cutting con~itio~s: 

D~illi~b dia~eter I 
IT.~ Fee:-! rate max Cuttin9 :~eed 

m.m111 
~m per one rotation 

-ii j2 22 O,Jl6 (C 21 0,368 
50 2() C,400 
6j 19 0,4:?4 ec 11 C,46e ··-

(! 1 t~ . .f.J'" :'he !"ee~ rate i..: increas£d ti 111 the ~MY. power is utilized 
nr the ~ax ~~e~ show~ in the table i~ reach&d. 
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Ar.nex E - 8 

Arrange~ent o~ the ~achine :-=I'h~ hitih o~ the j~~ Hft=C0,5 - 0,8)Hmax 

·.where H1 is t~,e l!''.ux t¥gh o~ the era; 

~rhe distance o~ the ~ill frna the 

coluc:n L= C, 6 i..r:ax where ·L 
' 11!8X 

i~ the ~ux disto~ce 

-pu~hing out the ~uill lca~=CC - 3)~ 
~~ere d is the difi~eter o~ the c'fi11. 

6 Gear hob~inc ~achines (see ti~ 9.) 

~orkpiece: - diq~eter d~ =to,s - l) dmax 

~~ere d n i~ ~~x head ~ia:eter l!.ul: 

speci~ic~tio~ of the ~uchine 

- ~i~th b = cc,2 - 0,4) da R 

. -~ - ~ater1&l -steel cOO N.mm - for 

crucible steel tn~ 
- cla~pi~~ - 3ec ~ig. 9 

accor~ing to ihe 
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nu&u:;.11. 

Tool:- ~eur hob~ing cutter - The teeth fro~ hard metal 

- head diameter dao = co,a - 1) dao ~ax 
where d a is max head di&1r:eter standardized a9 c x 
for machine under test 

- ~odule m - max possible for machine under test 

Cutting conditions: 

mo~ule m 
mm 

4 

7 
10 

cutting_~Efed 
i;:. min 

30 

70 
60 

~epth of cut - t = 2m 

The fee~ rate 'rer or.e rotation of the table) 
is graduJslly incre!:ised, till r~11 power i~ utilized 

- coolin5 - coolir.& oil 

- the upper 
above the 

rnce of 

table 
the gear is ir. the distance H 

;;here I! 
1
. is m n 

tool from the 

H = H . + b nan 
the ~in. distance or the axis of the 
sur~ace of the table 
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FORGING AND FORMING 
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Introduction to Forwing ~ Forging Proceaaaa 

"•talworking consists of d~fonnation proceaaea in which 

a metal billet or blank is ahaped by toola or diea. The 

of such processes design and 

understanding 

control 

of the characteristics of 

depend 

the 

on an 

workpiece 
m;aterial, the conditions 

the mechanics of plastic 
at the tool/workpiece interface, 

deformation (metal flow), the 

equipment used. and the finished-product requirement.a. Thaae 

factors influence the selection of tool geometry and 

material as well as proceasing conditions (for exa.ple, 

workpiece and die temperatures and lubrication). Becauae of 

the compl•xity of many metalworking operation8, model• of 

various types, such as analytical, phyaical, or numerical 

•odela, are often relied UPOn to deai9n auch proceaaee. 

Hiatorical Perapective 

"etalworking is one of three major technologies used to 

fabricate metal products; the others are casting and POWder 

metallurqy. However. metalworking is perhaps the oldest and 

earliest records of .most matur"' of the three . The 

metalworking describe th& simple hClmme.ring of gold and 

COFJPt:rr in various r&gio1a• of the Hiddle East around 8000 

B.C. Tt.& formir.9 o: th&se metals was crud& because the art 

o 1 re 1 in i r19 by ame 1 ti n9 was unknown and bee auee the ability 

to work the material was limited by impurities that remained 

after the met.al had been separated from the ore. With the 

advent of copper smelting around 4000 B.C., a useful method 

became available for purifying metals throU9h chemical 

reactions in the liquid state. Later. in the Copper A9e, it 

was found that the hammering of metal brought about 

desirable increases in strength Ca phenomenon now known a• 

strain herdening). The quest for strength spurred a search 

for alloys that were ioherently strong and led to the 

utilization of alloys of copper and tin (the Bronze A9e) and 

iron and carbon (the Iron Aqe). The Iron A9e. which can be 

dated as beginning around 1200 B.C., followed the beginning 

of the Bronze Age by some 1300 years. The reason for the 
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delay was the absence ol methods for achieving the high 

t~mperatures needed lo melt and to refine iron ore. 

Most metalworking was done by hand until the !•th 

century. At the lime. lhe tilt h~•r was developed and uaed 

primarily !or for"9i09 bars and Platea. The machine uaed 

water pawer to raise a lever arm that had a hammering tool 

al one end; it was called a till h~er becauae the ara 

tiltedas the ha.nunerinc.i tool was raieed. After raieing the 

hammer. the blacksmith let it fail under the force of 

gravity, thus generating the forging blow. Thia relatively 

simple device remained in service for some centuries. 

The development of rolling mills followed that of 

forging eguipment. Leonardo da Vinci·s notebook include• a 

sketch of a machine designed in 1480 for the rollling of 

lead for stained glass windows. In 1495, da Vinci ie 

reported to have rolled flat sheet of precious metal• on a 

hand-operated two-roll mill for coin-making purpose. In the 

following years, several designs for rolling mill• were 

utilized in Gennany, Italy. France. and England. However, 

the development of larqe mills capable of hot rolling 

ferrous materials took almost 200 years. Thie relatively 

slow pro.:-reee was primarily due to the limited supply of 

iron. Early mills employed flat rolls !or makinq sheet and 

plate, und until the middle of the 18th century. these mills 

were driven by water wheels. 

Duri09 the Industrial Revolution at the end of the 18th 

century, processes were devised for makil'\9 iron and eleel in 

large quantities to satisfy the demand for metal product•. A 

need arose for forging equipment with lar'9er capacity. Thi• . 
need was answered with the invention of the high-speed ateam 

ha.rruner. in which the hammer ie raised by slea.in power. and 

the hydraulic press. in which the force is supplied by 

hydraulic pressure. From such equipment came product& 

ran9in9 from 1irearme to locomotive parts. Similary~ the 

at.earn enwine •purr.-d development• in rollinq, •nd in ·-h• 

!9th c~ntury. a vari&ty of steel products were rolled in 

si9r.i!icar1t quarititl&i:I. 
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The past 100 years have seen the development. of neww 

equipment. and 

applications. 

new 

The 

material• wit.h 

new t.ype11 of 

tyP9s of metalworkinq 

special properties and 

equipment have included 

hiqh-speed tandem rolling 

mechanical and screw pre•••• 

mille. Th• material• that. 

and 

have 

benefited frOlll such developments in equipment. range from t.he 

ubiquitous low-carbon steel used in aut.onaobile• and 

appliances to specialty aluminium-. titanium-, and 

nickel-base alloys. In the last 20 years. the fonnulation of 

sophisticated mathematical analyses of forming proceaaes haa 

led to higher-quality products and increased efficiency in 

the metalworkirag industry. 

Claeeificalion of Metalworking Processes 

In metalworking. an initially simple part - a billet. or 

a blaraked sheet. for example ie plaet ical ly defonned 

between tools. (or dies) to obtain the desired final 

configuration. Hetal-forming processes are usually 

classified a-=cordirag to two broad categories: 

• Bulk. or massive, forming operations 

• Sheet forming operations 

In bot.h types of process. the surfaces of the deforming 

metal and the tools are in contact, and friction bet.ween 

them may have a major influence on material flow. In bulk 

forming, the input material is in billet, rod, or slab fonn, 

and the surface-to-volume ratio in the formed part increases 

considerably under the action of largely compresaive 

loading. In the sheet forming, on the other hand, a piece of 

sheet metal "is plastically deformed by tensile loads into a 

three-dimensional shape, often without si9nificanl changes 

in sheet thickness or surface characteristics. 

Process that. fall under the category of bulk forming 

have lt1e .following distinguishing features CRef 1): 

• Tr1e de.formin9 material, or workpiec6, undergoes la1"9e 

plastic (permanent) de.formation, resultin9 in an appreciable 

ct'iar.9e i r. at'1aPEt or cross section 
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• The portion of t.he workpiece 

deformat.ion is generally much 

undergoing elastic deformation: 

after deformation ie negliqible 

larger 

underqoing 

t.han t.he 

plaat.ic 

Port.ion 

therefore. elastic recovery 

Examples of generic bulk forming 

extrusion. forging. rolling. and drawing. 

forming processes are listed in Table 1. 

processes are 

Specific bulk 

The characteristics of sheet metal forming proceaaea 

are as follows <Ref 1): 

• The workpiece is a sheet or a part fabricated from a sheet 

• The deformation usually causes significant changes in t.he 

shape. but not the cross-eect.ional area. of the sheet 

• In some cases. the magnitudes of the plastic and t.he 
elastic (recoverable) deformations are comparable; 

therefor&. elastic recovery or springback may be significant 

Examples of processes that fall under t.he category of 

sheet metal forming are deep drawing. stretching. bending. 

and rubber-pad forming. Other processes are listed in Tabl~ 

2. 

Types of Metalworking Equipment. 

Tt1e various forming processes discuseed above are 

aesoci.ited witt1 a large variety of forming machines or 

equipment. incl•.Jding the following CRef 1): 

• Rolling mills for plate. strip. and shapes 

• Hachinee for profil~ rolling from strip 

• Ring-roll in9 mact1inee 

• Thread-rollin~ and surface-rolling machines 

• Ha9r,..-tic and &xpl<.>sive forrnin9 machin.,w. 

• Dr aw t:: . .:-r.ches 1 ur t ut:.Et ancJ rod; wire- ,nd rod-drawing 

mactii r.e:-s 

• Hachinea for Pressing-type operations (preeeee) -
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Among those listed abovve. preasing-type machines ~r• 

the most widely used ~nd are applied to both bulk and sheet 

forming i:-1·ocesse.u. These machines can be claasified into 

three types: load-restricted machines (hydraulic Pr•••••), 

strokv-r~stricted machines <crank and eccentric, or 

mechanical. pressesi. and energy-restricted machines (hammer 

and screw presses). Th~ significant char~cteristice of 

pressing-type machines comprise all machine ddeaign and 

performance data that are pertinent to the economical use of 

the machine. These characteristics include: 

• Chara=teristica for load and energy: 

Available load, available energy, a~d efficiency factor 

which equals the energy available for workpiece 

deformation/energy supplied to the machine) 

• Time-related characteristics: 

Numb9r o1 strokes per minute, contact time under 

pressure. and velocity under pressure 

• Characteristics for accuracy: 

For example, deflection of the ram and frame, 

particularly under off-center loading, and press etiffnese 

Recent Developments in "etalworkinq 

Over the last 20 years, metalworking practice has seeen 

advances with regard to tt.e development of n.;;w processes nad 

new mat£-riale, tt.e understanding and control of material 

response durinq forming, and the application of 

sophisticated process design tools. Some of these 

technological advances will be sununarized in the following 

section in this article. 
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,.... Proceeaea 

A number of processes h.;ive recently been int.roduced or 

accepted. These include a variet.y o1 forging proc•••••· euch 

as r.;idial, precision. rotary, metal pawder, .;ind iaothenaal 

forginq, as well .;is sheet. fonning proceaaea. euch aa 

auperolastic fon-inq. Laser cutting and .;ibraeive wat.erjet 

cuttinq of sheet. .;ind plat.e material& .;ire aleo finding 

increased use. Each of these processes is described in 

greater detaii in subsequent articles in this Volume. 

Radial forging is a technique that is most often uaed 

to manufactur& axisymetrical p.;irte, such as 9un barrel&. 

Radial forging machines CFi9. 1) use the radial hot- or 

cold-forging pronciple with three, four, or six hamaaera to 

produce solid or hollow ro'-•nd, square, rect.angul~r. or 

profiled sections. The machines used for forginc;i large gun 

barrels are of a horizontal type and can size the bore of 

the gun barrrel to the exact rifling that is machined on the 

mandrel. froducle produced by radial foJ"'9inq often have 

improved machanical and met.;illurgic.;il propertiea aa compared 

to those produced by other, more conventional techniques. 

Rotary, or orbital. forging 

procee~ that d&forms only a small 

at a lime in a continuous manner. 

axis of the upper die is lilted 

is a two-die forging 

portion of the workpiece 

As ehoun in Fig. 2, the 

at a slight angle with 

re-spe-ct to tt.e axis of the lc•wtirr die, causing the forging 

force to be appli&d to only a small area of the workpiece. 

As one die rotates relative to the other, the cont.;ict area 

bet ween die and workpiece (cal led the footprint) C01'1tinu.Al ly 

progress&& through the workpiece until the fin~l shape i& 

obtained. The till ;angle between the t.wo die• ha• a major 

effect on the size of the footprint and therfore on the 

amount of forging force applied to the workpiece. Rotary 

forqinq requires as little as one-tenth the force needed for 

convencional for9i09 processes. The smaller fol"9i09 force• 

re•ull in l°'"'er die and mach!n• de1lection• .And t.herfore 

in the ability lo make intricate P•rta to a high decar•• of 

accuracy. FINAL REPORT, VOLUME Ill, Pag~ ~9 
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Preciaion forginra. alao known as draftleaa forvill91 i• 

relatively recent development that is diati09uiahed from 

other typea of forqinq principally by f iniahed product.• with 

thinner and more detailed 9eocnetric feoat.urea. virt.ua-1 

elimination of droafted surfaces and machining allowancea, 

varyinq die parting line locoat.iona. and clOfiler di .. naion&l 

tolerances. Theae types of part.a are most. commonly 

manufactured from light matala. auch aa aluainlua, and •ore 

recently from titanium tor aere•pace application& in which 

weight. at.rength. and intricate shaping are important 

conaidderationa. a~ong with price and delivery. 

Precision forqing achieves close toleranceY and low 

drafts throuqh the use of die inserts. improved accuracy in 

die sinking. and close control of process temperature• and 

pressures during forqin9. Modified die design are also 

frequently used. One such desi9n is known aa through di• 

CFiq. 3). and it derives its name from the fact that. the 

outer peript.ery of the !orqin9 cavity is machined completely 

through the die. An upper and lower punch enter and fol'"9• 

tt"a& part eratir&lY within this ring. The top punch ie then 

retracted by th& press stroke. and the completed fol"'9in? is 

e-jected by raiair19 tt.e lower punch attached to a .knockout. 

mechanism below. 

Powde- forqing is a proceoe in which sintered preforms 

are hot forqet to 100% of theoretical density. Powder 

!orgin9 is primarily used for ferrous part.a oand 

difficult-to-work euperalloys that. require hi9h ••rvice 

inteqri ty. and it. ia r.·oet eui table for symmetrical ahapee 

containing large holes and part.a that would otherwise 

require a l~rqe amount. of machining. 

Jsot.he,.,.al and hot-die forqing are hot-fol"'9i09 

processes in which the dies are at the same Cisotermal 

forging) or n~arly (hot-di~ forgin9) temperature as the 

worJr.p:i.ece-. Ttae F-roces'=>&S are primarily used for costly 

materi.;ils. such as titani•.llll and nickel-base alloye. which 

posst1a !lne, st.able two-ph~se microstruct...iree at hot-i.1orkin9 

t~mpt1ratur&s. Such microatructures often 9ive ri•• to a 
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property known as euperplasticity. Superplaaticity ia 

characterized by good die-filling capacity in bulk foraill9 

processes and high tensile elongations in sheet formill9 

applications. 

The total (or partial) elimination of die chillill9 in 

isothermal Cor t.ot-die) forging, in isothermal (or hot.-die) 

forging, in addition to superplastic properties of the 

workpiece material, allows fcrging to closer tolerance than 

is possible with convential hot forgin9, in which th• die 

temperature is typically only slightly above ambient. Ae a 

reault, machining and material coats are reduced. Moreover, 

elimination of die chilling permits a reduction in th• 

number of preforming and blocking dies necessary for forgill9 

a given part. In oaddit.ion, becauae die chilling ia not. a 

problem, a slow ram speed machine. such as a hydraulic 

press, can be used. The lower strain rate imposed givea riae 

to a lower material flow atreas and therefore a lower 

forging pressure. The net result is that larger part& can be 

forget in equipment of capacity smaller than that required 

for conventional forging. Figure 4 showe a number of Alloy 

100 jet engine disks made using a varsio.1 of isothermal 

forging known as "Gatorizin9". 

Superplaatic foraing is the sheet f ormi09 counterpart 

to isothermal for9i09. The isothermal, low strain rate 

conditions in superplastic forming result in low workpiece 

flow stress. Therefore, 9as pressure, rather than a hard 

punch. is often used carry out a stretching-type operation; 

the .. . y tooling requirements is a female die CFig. 5). The 

very high ductilities characteristic of superplaatically 

formed sh&et. alloys such as Ti-6Al-4V, Zn-22Al, and 

aluminium alloy 7475 enable the 1ormin9 of parta of very 

complex shape. Although .. cle times for superplastic forming 

are relatively lon9 (of the order of 10 min per PArl), 

economies of manufacture are realized primarily throU9h 

reduced machinin9 and assembly coata. The !Aller •avin9• i• 

a r~sult of the fact that individual auperplaeticly fonned 

parts are usually used as replacement• 1or a•a•mbliee of 
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l..aaer cut.t.ing is 

cutting sheet materials 

an incn.asi09ly populanaethod of 

accurately. LAser cutting typically 

make• uee of a computer numerical control pr09r.- tha~ knowe 

new cutting paths lo be quickly 9eneraled. In addit.ion t.o 

rapid cutting, laser cutting offers such advanta9•& aa 

precision cutti09 accuracy of 0.13 mm (or l•••>, th• ability 

to cut moat materials including met.ale, cer.uaic&, plaatica, 

and .. ea), minimal head-induced distortion, and .. ry clean 

straight-aided cute. The fact that cutting is done under 

computer control also proHidea ease of cutt.i09 copmplex 

shapes in sheet stock, hi9h material utilization. excellent 

pattern reproducibility. and economical low-volume 

production. laser cuttinq systems are qenerally us3d for 

cutting Frototypes or small production runs fra. aheet 

stock. Hard toolin9 is usually more economical for hi9h 

volumes. However, one high-volume application of laaera ia 

the trimming of automobile parts. These parts are being made 

of thinner materials. and then dies capable of cutting to 

the requiredtolerances are so expensive that laser cutting 

is coet-competive even for the lal"9e lot sizes involved. 

Abraaive wat.erjet cutting is a process developed in the 

late 1960s which relies on the impingement of a 

hi9h-velocity, hi9h-preseure, abrasive-laden waterjet onto 

the workpiece for the purpose of cutti09. Among the 

advantages of the technique are high quality of the cut 

surface, almost total absence of heat genration within the 

workpiece Cthue minimizing the development of a h~at 

.lfected zone>. and a relatively narrow kerf. Applications 

of abrasive water~et cutting can be found in the machining 

of hard metals (for example, superalloye, hi9h-etrength 

ateel~. and titanium alloy•) and a number of nonm•~al• (for 

e~ample, concrete. ceramics, composites. and plaatica). The 

only major limitation of the pro~ese is the inability to 

mill. turn, or drill blind holes or perlotm other operations 

tt1at involve cutting or drillinq to .a ptilrtial depth. 
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An inreaeed understanding of materialbehavior duri09 

de1ormation has led to the improved design of metalworkinv 

processes. Two ar&as of particular significance in thie 

reqard are the eme1"'9ence of thermalmechanical proceeainv 

techniques ilnd the development of met.al 

workability/fonnability relationahipa. 

Thersal-mechanical proce1111i"9 refere to the deei9n and 

control of the individual metalworkinqand heat treat.aent 

steps in a manufactoring process in order to enh.ance final 

properties. Originally used as a method of produci09 

hi9h-etr~n9th or high-touqhness allov 

thermal-mechanical processin9 is now routinely used for 

alloy systems. especially those based on nickel. 

Host th~rmol-mechanical processing treatment• for 

steels rely on d&formation that is impos&d before. duri09. 

or aft&r alJsteraitt? transformation. The various t.ypee of 

tr6:tatm~nte ere summarized in Table 3. Thisclaseification, 

based on th.a relative position 

t rar.s formation in the treatment 

of deform.at.ion 

cycle. has 

and 

other 

justification in that the tensilQ stress-strain curves and 

the rate of increas~ in yield strenghl wi~h increoaaing 

defonnation CFig.6) have been found lo be broadly similar 

for a variety of stt:tel subjected to a give,l class of 

treatment and have been found to differ for each of the 

classes. 

Jn the thermal-mechanical proce~aing of nickel-baa• 

superal loys. met.alworking temperature is carefully 

controlled (especially durin9 finish formin9) to make use of . 
the structure cont.rel effects of second phaaea. Abov• t.he 

optimal workin9 temperature range, the etruklur control 

phaePe go to into solution and lose their effect. in 

controllin9 grain size and structure. BG 1 low t.hia range. 

extensive fine precipitates are formed, and the allov 

becomes too et.if! to process. Proper thennal-mechanical 

processing leads to excellent. combinations of tensile, 

1•l1que, •nd cr~ep properties. 
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Vorkability .net foraabilitv are the term• that are 

cauaonly uaed to refer lo th• ea•• with whitch metal can be 

ahaped during bulk and eheel formi09 operationa, 

reapectively. In the broadeet ••nee. workability and 

formability indices provide quantitative estimate• of th• 

etrength properliea of a metal (and threfore the required 

working loada) and its resistance to failure. However, the 

latt~r characteristic Clhat is, ductility or failure 

resistance) ia usually of primary concern. The technique• 

used to estimate this property vary, depending on the ciaea 

of fonning operation. 

In bulk fonning, the moat common t~pea of failure• are 

those known as free surface fracture Cat cold-worki09 

tempt:traluree) or triple-point cracking/cavitation Cal 

hot-working temperatures). A vacl array of mechanical leate 

and theoretical analyses have been developed for predicting 

.failures of these ond other types during forging, extrusion. 

rolling, and other bulk forming operations. These teal& and 

analyses are sununarized in Ref. 7 and are diecusaed in the 

Section "Evaluation of Workability" in lhia Lecture. Other 

common lest techniques used lo gage bulk workability include 

the uniaxial upset, flanged or tapered cornpreaeion, 

notched-bar upset, and wecl9e teeta. 

One of the most succ9esful and useful deaign toola lo 

=ome from bulk workability research is the workability 

di.~ram for free surf ace fracture during the cold working of 

wrought and powder metals. An e><ample of a workability 

diagram of this type is shown in Fig. 7. The graph indicated 

the locus of free &urface normal strains Co11e tensile and 

one compressive) that cause fracture. Tt"lese diagrams are 

determined by mechanical les~e such as those mentioned 

above. Formany metals, th& fracture locus is a straight line 

o1 slope -1/2. Some mE.tals have a bilinear failure locua. 

Tt1e workaoi l i ty di agrame are used during process design by 

plotting calculated or estimated surface strain pathe that 

are to be impoced d•Jrin9 formin9 on the fracture locue 

diaqt·am (Fi9. 7). If th~ final strains lie above the locua. 
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part failure is likely, and changes are necessary in prefonn 

deeign, lubrication, and/or material. The fracture locua 

concept has bean used to prevent free surface crackil'l9 in 

forging and to prevent edge cracking in rolling. With 

modifications. the fracture locus approach has also provided 

insight into such failure modes ae center burating in 

extrusion and forging and die-~orkpiece contact fractures in 

f 01"'9 i f"1<J. 

A related concept is the forming limit diagram ueed to 

quantify sheet metal formability. An example is ahown in 

Fig. 8. As for the bulk workability fracture locua, th• 

sheet metal forming lt•it diagram is the locus of nonaal 

surface et.rains that give rise to failure. The ma9nitudea of 

the failure strains are usually controlled by one of two 

processes: localized through-thickness thinning or fracture 

Prior to localiz~d thinning. In either case. the forming 

limit diagram is moat easily determined by at.retching 

experiments uein9 a hemispherical punch. Strain path and 

failure strain Cin terms of the so-called major and minor 

strain) are varied by changes i11 lubrication and teal blank 

width. Experimentally determined forming limit diagrams are 

then compared to the strain that are to be developed during 

forming to determine the possibility for failure. 

Process Siaulalion 

The developmE.nt of powerful computer-based ei'llulation 

techniques. such as those based on the finite-element 

method. has provided a vital 

tooling and e9uipment de~ign, 

link between addvancea in 

on the one hand. and an 

improv~d understanding of materials behavior on the other. 

Inpyts to !inil~-~l~ment codes include the characteristics 

o! the- workpie-ce male-rial (!low stress and thermal 

properties) and the tool/workpiece interlace (friction ~nd 

heat transfer properties), a~ well ae workpiece and tooling 

9eometries.Typical outputs include predictions o1 forming 

load; strain. strain rate, and temperature contour plots; 

and tool in? deflections. Thia information can aerv• a number 
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of design functions. such ae selection of press capacity. 

determination of success or failure with regard to material 

workability or formability. and estimation of likely aourcea

of tooling failure (abrasive wear. thermal fatique. and ao 
on). 

Process simulation techniques also provide a method for 

preform and die deaign through the ability lo detenaine 

metal flow patterns without constructing tooling or 

conducting expensive in-plant trials. In addition. the 

output !rorn process simulations can be helpful in selecting 

variables that are useful in process control (for example. 

ram speed or load mor1itorin9) or finished-product quality 

control. n·.e- advEont of t t.ese computer-based technologies 

will help in eliminating the hidden costs of trial-and-error 

desin9 and in increasing productivity in the metalworki09 

ind•Jst ries. 

Future Trends 

The metalworkin9 industry is likely to see changes in 

the major areas of materials.processes. and process design. 

Some of these changes w•11 include the following. 

Materials. Developments in materialsw ill greatly 

affect the metals that are !onned. These will range from 

aluminium and titanium-base alloys lo alloy sterla and 

superalloys. New classes of aluminium alloys that will be 

processed include aluminum-lithium alloys. SiC 

whisker-reinforced aluminium metal-matrix composites. and 

high-temperat~re powder metallurgy alloys. Kore lise will be 

made of 0-titanium alloys, which combine 9ood strength and 

toughness, and there will be increased uae of 

thermal-mechanical proceaein9 !or tiatanium allov• and 

&•Jperalloye. In the ferrous area. micrCl11lloy..,d et-:els. which 

permit elimination of final heal treatment by controlled 

coolin9 a1ter he>t workin?. ar!il becoming increaDin9ly popular 

for a variety of automotive applications. 
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Process. In 

methods that 9ive 

increaei09ly used 

the lonning process area, metalworkirl9 

rise to net or near-net shape will be 

lo conserve •ateriale and to reduce 

~achining coats. These process include ~reciaion forging, 

isothermal and hot-die forc;iinq, and auprplaatic forwi09 of 

sheet materials. There will also be increased uae of 

automatic tool chan9e systems as lot sizes and delivery 

limes decrease. 

Process deai9n. With the development o! user-fri•ndly 

programs and decreasi r,9 cost of computer hardware, t.here 

will be significant growth in computer-aided techniques in 

toolir19 d@sign.ir1d pt·oc-3se control. In particular. t.here 

will be morer interaction between parts users and parts 

vendors during the design stage. Process simulation will 

streamline the design process. and t.hia will decrea•• 

delivery times ae well ae the overall cost of fabricated 
COG1ponents. 
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0 a...-el Tomek,PhD 

~E'.'ELOP~EtH r~!'JD STPATEGV OF MACHINING TECHNOLOGIES 

Summa!:..!_:Invalvment of electronics and introduction 

made materials are followed by implementation of new 
of new man 

machining 
met~ods.The o~erall reduction of number of mechanical parts used 

in machines and industrial equipment together with net shape 

~recesses means decline of metal culling and metal forming in 

future.Nontrad1t1onal mach1n1ng methods as laser,wdterjet,EDM and 

~CM are shortly presented in the paper lo iluslrale new 
;:;roduct10'"1 techr1ques whicr will be gaining on importance in 
~onjunct.1cn ~ll~ new material alternatives • 

• J n ~- ·- c ju c •. 1 .~ n 

~.-iri1.•actur-1rg is -3 pr-ocesc-; b, wt-.1r:I"' mate ... 1als,labor,energ·~- ar.d 

;::~:..·: ~.T.,=>r • a ·e combined t j prcd1...ce ar·. output hav l ng a va 1 ue 

_:rc;,,;·e·· •a· t.~2 SU•li ,,f 1r;:i..;t~.'Tt-.:':. br-oad def1n1t.1·:>n cf 

~ .i~'L•~·a;:~.l.r· ;n·j o<pp! >ES t-qua! 1' -'le! l f.C an electronirs plant .a 

''e~l m1!I.~; nach1ne st-op.F~r our pur?oses we will concentr-ate 

;-..r· to-"-,cg~;f.: :;n Mach;r.1~.g Te;:!1:,.:;!cg1es composed of Metd!wor-lr~ng 

;n~ ~etalc~t.ti~g,as t~e ~est s1gn1f1cant element of 

~ar-1ett cf techn1:al cnanges have occured over-

•.•.e pa~t dP 0-:adE>s.These c~~ar.ges 1nr.!ude: 

-~dter1~l alter-nal1Yes 

-~an~factur i~g ~Yslems 

1·cntra~1t1onJl.un~o~ve~t1aral ~dch1r.1ng 

there h . .;.s beer. 
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s19n1f1cant changes in the products being 

~anufactured.Electronic products have replaced a wide variety of 

~echan1cal products.Electronics have become s1gnif1cant portion 

~f must products including cars,~11 sorts of machines and 

i~dustr1al equ1pment.Modern1sation of consumer and industrial 

products has reduced the need for convent1onal,mechanical 

component~. These changes have been significant and faster then 

e:.<~ected. 

2.Malerials Al~ernat1ves 

Material alternatives refer to the change from generallv used,or 

c~~mcd1ty metals Cprimar1ly steel}to other new materials.Figure 

! shows lhat use of h1storical,commodily metals has been 

ie~reas1ng while the use of advdnced materials has t~en 

:ncr~as1~~-~1q~re 2 contains s1m1l1ar information as Figure 

l,but adds lnsight on overall material usage.Overall usage is 

it 1s e'-pected to start increase in mid 

1°90s.These ~red1cl1ons 1rd1cate that usage maight again reach 

!~E :97~ :ev2l after 2000. 

P1.:- Flgr .. re 2 is based en dollar ·.;a~ue. Il should be noted that 

~~era:l Gres~ Pr~ducts of industrial countries in the world are 

3~~ ~1!1 te ircreas1ng,wh:c~ ~eans that material shipments as 

a ~~~cent ~f ~crld Gro~s 0 roducts are and will decrease. Figure 

' f·~r'-oS~.s U·,a•_ .;.bsclute •Jsage of" como1od1ty mela!s will c:ecrea:e 

~i ~re ~a!f ~~er 40 fears per:cd.As a percentage of wcrld Gross 

Pr~d~cts :h:~ ~ou!d :~dicdte that usage will be less than one 

s1~t~ ~f wh3t :t WdS 1n 1970.E,en cons1der1ng all material~ •ram 

F~g~re 2,th~ r·~"~ull wo<.'1•! '.::le a red1Jct1on in total material.;. 

ccns~mplicn as J percentage of Gress Nal1onal Products of 

appro,imately one third.The combinatibn of forcasts for material 

u~age 3nd grc~l~ ~f national GNP~ is suspect and will greally 

differ :n de~elopped and underdevelopped countries but the trends 

,:..re m~a:-i1n.;:f .. .l: 

-u· . .;: ntJ:s.:;l1.1l2 1..·S~•g1• .:Jf commod1tv m.=::ta!s has and will continue to 
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decrease 

-overall Material usage as a percent of national GNP will 

continue la decrease -material usage is shifting from commodity 

metals t~ Jdvanced materials 

Figure 3 shows what is included as advanced materials.These 

pred1~tions show market forecasts for USA and Japan.The USA and 

Japan are the worlds largest econom1es,so these forcasts 

effect1v~ly represent the world trends. 

The pcinl here is not to discuss the materials future.What is 

~mpcrt3nt !S 

tr-e same wa, 

that advanced materials are not generally 

as the traditional metals.New properties 

used in 

of these 

n~w naler!als requ!re new mach1r.ing met~ods and thus new machines 

~re le be developped but generally culling and forming are and 

~•~l become less s1gn1f1cant. 

3.Mar:ufaclur1ng r.;rslel!l~ 

~anu~.ctur:ng S)slems have ch•nged over past decades even ~here 

t~e µrcd~cls are te1~g ~ade of comod1ty metals using trad1l1onal 

p·-oce-ssin~ techniquec-;.F1qure 4 shows a s1mpl1slic view of 

.T.a:-.i_:f:.;:~!:r!r-.-; -:<:. a s;sterr .. The ideal!zed,t-ristor;.cal machine shop 

h~~lj ~d.e cn!1 metal c~~t;.ng and metal ~arming equipment_ 

'•:i~:r? 5 sr.cws e<ten<:ted •;1ew of manufac.turing,whe!"e primar-v 

~r~ces~ 1~ mel~l c~t~i~g er metal fcrml~g. 

0 reprccesses dre those operations done in-house or bf ~enders 

.. i•·;ch ~:repar~ ~.t·.e mat;o:rial for the primary process.Considered ar·e 

~~ocesses r~lated t~ the prodwcts being made.as 

f~rg1ng,cast1~g.?o~de~ metals and cleaning. 

s~ccnd~r. processes are those done on the products during the 

~r1nc.1?al p~ocesses.E~ampls are heat lreat1ng,welding and surface 

t_:·eal1r.g. n.1:; 

~ns;.dc; u·.e 

maf be do~e at remote 

~l~~l.Whelher Jn~e 

places by subcontractors or 

e~lernalt or within the 

µ '. ar l , ·:;ec cnrl ..;r" ~r~cesses are acccunl1ng for even 1r-.creas1ng 
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~i~ishing refers le those operations that m~y be completed after 

;n.;ch in I '"lg • c ... done.This may include 

0~- u-.c l pa I rei:;reser.t. mach1n1ng operations 

l~emsel~es.CNC contral.machining centres,manufactur1ng cells and 

~anuf~ctur1ny stslems are all a1med at improvlng these principal 

develoi:;ments on tool material,high speed 

~achin1ng,machinery and tool sensors are all 

improving the pr lff'1ar '/ processes. Locating 

directed at 

of Principal 

Processes,Preprccesses,Secondar·y Processes and Finishing may be 

differert.Sutcor.tract1ng s~stems,where these processes are placed 

en d1&ferent !ocat;ons are widely wsed.On the other hand combined 

these precesses are concentra~ed on the 

site i:,, ~ise-d 3S well.Th~ optimum approach would be to 

~nd control directed lo 

reac~1ng the ~ini~~~ ~roducti~n costs.One way lo do this is to 

··- t • ·;'°'• 

-· '•c:"'·. 

-·. ·-r .... '- • 

f: r· i .,,;;; ! •·.g 

~recesses ~nd finishing 

far meldls reolace or reduce the need for 

t.:>er. ~ nown and use-d fer 

. .,. v~:·r .· .;o11de including p~wder metal.die 

shape µrecesses h~ve even greater 

~~rts are ~aje to final shape with 

a.-.:1 other mach1n1ng 

.;-:.o-.:.t •cr.;..S;rr.11 .• ,,. ~ • -:t?rair.1c: ccmpone~1ts are normally produced so 

.:. 1 r. 1 tT,' ;.TI ,l\.,iC t":. n: :-ig is needec.S1m1larly when advanced 

produces the net s~.ape 

-ncre s1gn1ficant role.This 
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is occur1ng for metals for econom1c reasons.The result is that 

less mach1n1ng is te:ng used. 

S.Nontradit1onal mach1r.1ng 

Nontraditional processes may be mandatory for ~dvanced materials 

where clas1ca! mach1n1ng methods are useless,bu~ they are also 

having a major impact for traditional metals.Waler 

je-ts,lasers.plasma ar·c and electrochemical can be used for 

cutt1ng,replacing trad1tio~~i machining methods.Net shape 

processing can produce parts re~u1r1ng little or no machining. 

Trad1t1onal processes ha~e expe~1enced incredible improvements 

through i~pro~ed teal mater:als and coatings,computer 

ccntrol5.mater1al handling,etc.As a result,even where 

ccr~e"l1cnal metal cutting and forming are used, it can be done 

,T,:..cti T,(.!""E effE<::t :...-:-!;.A single :nod~r-n machine tr.av replace 

~ ~~r:et~ of ~pec1al1=~d equ1pme-"t and will provide output that 

... a •. :~.:! ~.ci·.-e r1.•q\...iri::-C: ::;e-vc-•a~ mact-.1nes 1n i>orl1er machine shop. 

::- cm~t.:t ! t 1 ens i :I 

: ec.d ir·g t_o 

:.0.1 st·,es:cn~:p1..1te-r 

,T,ar-.uf a-: t ~,... i ng. 

these 

qu1c.~· 

.:; ~ dEid 

b. 

at-,ov<::> l:a1,.·e bee,; acceleretad t:;y U·:e 

mar~~ling stralegy,which fol!aws 

ado::; t. •on 

!ed 

.::,f 

branc~es.is based nn 

technical and 

~o new 11-Jd/S cf 

a 11 

ar.d fle~1b!e respod 

possible :near.s 

lo customers 

and flexd:le dEs1gn,r.~w mdch1ne design 

ne~ mechanical concpets for 

connect~cn ~f different processes 
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of processes and opt1mizat1on of handl1ng was generally accepted 
for real time 

and erabled by u~ing new computer control 

ma~agemert and process plannir.g. 
The i~flue~ce of l~e ne~ ccnsumer oriented strategy has changed 

the primary proces~es of metal cu~ting and metal forming The 

~!oss1cal bo~nder1es betwee~ these two basic technologies from 

the point of applications are not so clear as they used lo be. 

?.Metal cutting versus metal forming 

Mac~1n1n~ using me~al cuttir9 stays as a major production method 

applied 1n the industrr.Conside~ing the worldwide production of 

~ach1ne tools 1n t992 compared to previous years,onlY very small 

tr.creas of metdll farming mac~1nes in proportion lo melalcu~ling 
the forcasts made in the previous 

dacade ha~e ncl been ent1rel~ fulfilled.Table 1 ilustrates the 
and in 

rat1u of 

: est 1mated >: 

-- 4 --- - - ------- - -- - - - - - - -·-- - - --- --- --- ---- -- ---- --------------- -------

-- . - - -- - - - - - - . - - - -· 

'JS~ 

f T_ o ~ I 

T 31 .. iar. 

Table 

! '?91 ( ~.) 

f.:;rm1ng c...atting for.11ir:~ 

- -- - - - - - - - - - - -- - - -- - - . - - - - --- -- - - -- - -

81 

68 

70 

;5 

- - --- -- - --

l '7 78 22 

J2 65 
"3C: 
·j-' 

3: 72 28 

33 61.+ 36 

2J ":'6 24 

3(: 70 30 

l 1 88 12 

25 ?'5 2'5 

-- - - - - -- -~ - - - -·- -- - -- - - .... - - - .. - - - - .. 

product1on,ratio 

flNAL REPORT, VOLUME Ill. Pace 7!1 



- 7 -

last two se?n no c~anges in 

::.et wee=~• .::: u t t ~ =-.g and fer- .-r. ~ n.~. C..:hen we .:: cin>p.are l he current s l l '..lat. l or. 

in favour for metal 

'f;:ir .111 ng. as : lustr aled on Table 2.T~e most import.ant is the 

increase of metal formin~ machines production in USA. 

-----------------------------------------------------------------
1985<Y.> 

cutting forming cutting forming 

-------·------·----------------------------------------------------
Japa" 81 19 81 1 c;· 

Ger:nar:.,. 70 30 68 32 

!....:SA 75 25 ~9 31 
~Ci- l~ -1d£> prcd ... ;.::l 1on 78 22 71 29 

- . -- - -- - - -. - - - -- - -- - - - - - - - -- - -· -- - - - - - - - - - - -- - - - - - - - - - - - - - -- - -- -- - -- -
T.:;!::111? ?:Re-cert cr-.ar.ges in mete.I culling and metal 

' . 

.... ,_,_ . ·..; 

r.,. -
' , ..... 

':: ! ~ n•·· 1 r . .; t • .. ;:: ,T. a .: or ;> c l i +_ i c -=' 1 

.J ' 

-:co le:: :!o ..... -. 

ilustrates ~he wor:J 

fer ?9% in metal cutting 

CJ f indJslrt which has been 

c~an~es i~ the world,character1zed 

,:;~d r-.:-.::ent h&>avy reduct ion of ,srms 

adv arced 

sopt-.1t icat~d 

compute-r i ;e.j 

:;-,.)r ... ,fa.::t..:~ ir.g syst.ems c.r c.ccr.pul-?r i·~~egr.sted manufactur1n~ had lo 

and gen er a 1 1 Y 

.nc.r '~ ... .-r: c.:;- :J•~· l C used.In agreement ~1th 

.:•ema1.d frJr .-nach t nes and 

€(j .I l ~- ,'t,(:·r·. t_ th~ e:;;slin~ 
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Japan are 
capacit~es in Europe,USA and 

production 
superfluous.Curre~t demand for economical machines grows. only 

!ewer •nvestmenl is accepted.High produ~tiv1ty and high quality 

pr~d~ct1cn must be ensured.Reliable com~ut2r control is becomming 

- but only necessar1 an1 economical parameters are 

demanded.Unmdnned product1on is nol po1nle~ out just now 

This is considered as temoprary s1lual1on but 1l gives signal 

that only econom1cal solutions in development of new machining 

methods wil be accepted. 

8.The l~ser~ place today 

for metal c~tting,have become 

longer belo'1g in the "r,on traditional 

.l\.;ch ~ r.: ng" cate~cr1.~here are companies ~hat have hundreds of 

l~sers in prodJct~or and mant ccmpan1es that have lens of lasers 

products.Some laser users ha·,,.e 

ir.d1v1dual laser 

a~ I of s i mi l 1 ar 

;;;-id u-.e 

T~-.~_:. u::;,,·.f •.. tr.~sr.; -.. ~ l .. 'lser .~ach i:-.es is ~hoi.·r. 

;::t:; ~ ... t" ••• t thE'• ri_.:-•• The:·se m.ac~·:t!"'ICS produi:e ltems .:.s 

imple--·.ent J;.:st Time 1nver.tcr y 

U""icsl u·ey 11-n 11 start us;r.g la.:;er 
- ,.;r ageme-1: t • 1 t 

1n~entorv and stil~ give 
:::;.;t... t ~ ..,g for- ·'11 r, i ;num 

required.This make~ changing of 

!arge material inve~tor-y 

. ·;. . ! : lfo l " i :. ~- c: j • 
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A :iewer is an 1mag1ng device integrated into laser 

cutter.Sheets are punched or. a press ar.d then brought over to lhe 

!aser.A CCC camera l2cal~s a pa1r of holes on each sheet and 

rere~erences l~e a~es to correspond the press.Contour cutting is 

tt:~n performed le close lslerances by lhe laser. 

cs for lnd;..1str1al laser machin1ng,the high power,sol1d state 

industrial laser are being used.Machine tool producers are 

graduallly adopting the idea of mult1professional machines where 

laser .11act: in i ng is used together wilh metal culling.Laser 

rnach1~1ng is still at its oeg1nn1ng and it fi-.ds aplicalions for 

ma~hin1ng of spEc1al metals.where other machining methods cannot 

b~ app l :ed. 

Wh~l ~a~es trad1~~c~al mdc~1n1ng v~lnerable lo the influ~ of new 

~-•. ::--~ ,·;:.1.; ·.:-.:::·•~ ·.::•·.31 .T.:.ct-1:""'.lng rnct~·.octs 1s cne faclcr.Anolher lS 

E: l ! :r. ! r\~1t: ,~r, 

.iQW lS 

;f T•oter1C.l.:. U· .. 1t 

. -. :.. 

Su·:h 

=;t • P'=· 

l ;; 

a-:; 

::as ls such as lool 1ng,".JC 

t. ~-.a• of solv;ng CL: l ~- l n.; . ·- •.J 

E .•a1T.p le Gf enhar.-:er! c ... t 

~bras1~e with the waterjel 

l ;·-: ! ..id 1 ng 

kev 1 or 

with abras1vejPl is 

t1lan1um to 200 mm 

and graphite flbr~ 

lS oflEr. .s be'1ef1l 

~v Ith met.hod~ compa"" 1 •Y;n of 
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producing a 100 mm diameter hole in 50 mm thick tool steel.Table 

3 1nd1cates a lower cost and reduced lead time compared to 

-----------------------------------------------------------------
step trad1l1onal 

machining 

abrasivejet wire EDM 

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

r .. - .... ~ ----,.J. ...... ~· ":;'· ... ~-

star.aard 31000 s 

equipment abrasivejel 

~1one slug 

0.5 hour-9'5 

net .-eq'd 

2-<-· da· s !eac 2. 5 r.~u~s 

lead 

125000S 

EDM 

slug 

8 hours-23S 

not req'd 

riot req'd 

168'5 

8 hours 

lead 

- - ... - - - - -- - - -- -- - - - - ·- - - - -- - - -- - - ·- - - - - - - - - - - - - - - - - - . - - - -

anc electrochem1cdl ~ach1n1ng 

![CM~ p~ocFssas are prese~l!t being used in industries lo meet 

.:~,,~longe;;. ~u·.:.£•d bi .nc;cl"dr"::·:;i,deburri.ng and gr1nrJ1ng of ad·w·ar.ced 

·r.o t er 1 a~ s. 

E!)M is a proces~ of removln~ materi~l ;n a closely controlled 

from ~n ele~tric~lli conductive material 1mmersed in 

·• !~quld j;el•·~t,...lc: ~·:Lt-· a series of r.:Jn-stat1on.ir'f and transient 

;.lecl;-11: sp.;r~S or Cl:?,Cl'"•drJeS. T!'·,e tools P.lectrode ~US.Jalli cf 
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generates its m:rrar image on the harder 

... :;r ~ p i ec e appr .:Jpr i at e ;;;ap 

iS t~~epen~ent ~f ~echa~1cal properties 

softer material such es 

such 

~s ~rec1s1on components requ1rec in t..~e produclior- of inte~rated 

Circuits ir the electrcnic industry) can be a.chived.However slow 

·T1a.:::h1;i1ng rate.arcing and resulting surface damaging are main 

d~sadvatages cf EDM process. 

~ .... ECM u-.e passage of th~ direct current between two electrodes 

an electrolyte results 

of war~ ~aterial and evolution of gas al the 

rioct-· 1r.1r.g rate and smoolh,damage-free sJrface 

'1r~1sne~ ~~E possible ~1th ECM.The main d1sadvalages with ECM are 

tolerdnc2s an~ ~1ff1cault1es af appropriate tool 

.;e<,: i g.-.• 

a~ a process that comb:nes the basic 

-·r"""" - ._ ...... ,. .... - . . . cs " -- ::J. - • 
~· - Cl -

;n lcn:;-h;:le 

.r ,_ .. ' 

... - -· \ - . - ..... J • 

! • -.·l.. !.;~ .:-.. :; 

of mar~el econom· 

gracuall·-; 

mode mc.ler1al;. .;nd net. 

cf me·· .. han:.cal 

.:.nd vi • ! l : t.~ Jc;os1ng pr l O!" 1 t Y l r, 

··• ,r;•.;f _;: t I.;· li ·.t. 
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en the imoortar.ce. That is the Ol•t lco:. for ne><t decades. In the 

c~rren~ s1l~dt1cn 1~ should b~ poinLed out that the crises of the 

~~r!d :~~ustr1es will influence the praducers to accept the most 

e~ G•·OTI:i.Ca l se:lutlcn~ of r.ew l y ~eve lopped mett-:ods and 

;::.:-c-::esse~. n·.e e: ... i;:;et_ ted cutcome of new high-tech ;nethods iT'iay be 

s:owed do~n :n this connect1~n. 

U~der these c1rumstar.ces the mach1~ing using traditional methods 

lile cutting and '-eep its importance for a long 

ti ·T.e. 

st.ratei;;1c de:::1ss1ons lt 1 s necessary to take in lo 

cone ::..!er.:it l·:>!"'ls 3ll the above described outcomes.It ts obvious 

t.!-. .o;•. tt-e class1ca~ boundaries for applying classical machining 

f .. ,.. 
\. ct· :J.::s i. ng ~anufactur1~g method.More important 

;~f! J~~ce ~a1n fle~1~~11t~ a~~ cost effe~t1vness.Part1cular cases 

~JE i!'"dl. lCU.i! l. to chose optimal way of 

~; pr-.::b:.sbl, ;-.o need tc remari.. that ;.n great 

-~·C.. : •:},- l t t mar.ufactur1ng wats are 

....... ". tai..e I '"I 

Pr·fp .. ·~:-.c2:: 

-~1r~r-1.·a~·. r"'-i-:t1:r.::::• .• '1-:.,--~-. :q9J 

•:.~e·1 .. -:.:-. :"'.;;.rr.;r.1'.;.t r~~r""l:ar• :?87 

:.. t. r-. Manufacturing 
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Figure 3. Advanced ~aterials: ?orecast Marke~s 
in the United States and JaDan 1n the Year 2000 
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Jaroslav Bauer, M.Sc. 

MACHINE TOOLS TESTING 
(Lecture for inspectors) 

FnYironment.al cor.dition~ fo~ te~t~ 

- •hall corre!!tpon·! tn :.h~ :..?c!!nic&l ~pecific:ation.:; or the 
~&chine under t~~t 

- ~or ell t?le ttccurucy te!'t t~ the te~fiE:rLAture o~ environrr.ent. 
should ?le ~o0c, 

- for ~o~e cachineswith the high occurucy thE te~per~ture 
shall be 20nC - uir condi t.ionimg rooc:~ 

- ~~r another the t.eE?erature ~liY 1i~~er from 20°8 
- in any case the cher.~e~ of te~~erttture o# er.virnnme~t 

h l . ... ... .,o " .<I • ... ~ ou a no:. caar.i;e ~ore taan ~ ... ., l•Ur1ng tae rr.ea!lture-
:'.'!ent 

:.:ea~u:'ing t!qui Dlit::: t 

~hell be ~uitab1e ~or the ~e~~~recent ~ro~ t~c point of 
vie"" !'f - ar:-un,rp;:-.c!1t "'r: t!l~ -:.~~~.:r.r.:-

- OCCU!'nCJ 

~hal ! ~e per-o.::.cu: lJ Cbl i ~=-~tc:! 

~nc sctivitie!-1' 

1 ~unetion o~ the ~achir.P. 

All teh ~unction~ and thei:- comhinbtion~ in th~ whole ranbe 
ar.d in all ~ac~in~ ~o~e!-1 ~hall be veri~ied 

- The :!lamual CC"ntrol r:o;!e - :~:1: .. ctior. c~ etll cont:-ol 

uct·.iutor~ urd t~ie rt!~pcn

~~~ r.~ t~c ~ucnine 

-:'he eutocatic contrc;l ::o~~ - :.e~tinF. ;>rn,;:·!sn: ~tic!'\ 

cont&in~ nll the ~unction!'t, 

co"'. bi r.at i~r.:1 
- The step ~y ~tep ~o~e - the ~&~e ~rn~ru~e a~ ~nr the 

eutortatic ::n:ltro1 :::oc!e 

2 I.!cnicul !'tper.i~icutior. er ·-~:(! :"'.hc~in•! 

!he :.ec~nical :";>er.i."ic:!1t:c:-. •h!:ill ~·~ l/~ri~ied. 

; :epP.ci all7 it •hot.Jl ! te ·1eri ~ie.~ - lcn~i." !' o~ r:achine 

;urL~ ~troke~ (tubl~ e.t.c) 
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Environmental cor.dition~ fo:- te~t~ 
! • I 

- !"hall corre9pon·! to tht! :echnic&l ~pecific:1:ion-; of' the 
~achine uncer te~t 

- ~nr all t!le acc!.lrucy te~tt!! the te~pr::r~t11re o!' environr.:ent 
should be .,o0c, 

/ 

- ~er ~o=e cachineswith the higt. bccuracy th~ te~perbtura 
n 

shall be 20 C - uir con~ition~ng rooc~ 

- ~Cir another t!le te&:;>erature :lt:Y :ii!"~er from 2c0 e 

- in any case the chtm~es o!' te:r.pe:-nture n..:- er.vi ronn:e:'lt 
~hould no~ c!lar.i;e !:ore than _: 2° : r.u:-ing t~P. n:ea~ure
:"!ent 

•.·.eac.u~1·n~ ~·1u•...,.,-rt - !:.. ~- .LUl&'t: .. 

- ~hall te 9uita~le ~or the ~eu~Jre~cn: ~ro~ the ?oint of 
vie"" 0f - ar:-un,r.:>::-.e:1t "'1: tne -=-=~~.i.!J.!' 

- occurtscy 

shall ?:e pero.::.cnllJ ctsli~=-~tc:~ 

!inc activitie~· 

'!'e~ts 

1 ~unction o~ the ~achir.P. 

All ten ~unction~ and their- comhifi~tion~ in th~ whole ronge 
ar.d in all ~ac~in~ ~o~c9 ~hall be veri~i~rl 

- The :!lttnual crntrol ::o.!e - ::-~:1~.~t ior. c ~ Cjll cor.t::-ol 

llCt'..lator~ bfl'.~ t~1e rc:opcr.

~e~ ~~ t~c ~ucnine 

-':'he eutocatic contr~l :-.oce - :e~tin~ ~,:·o,;:·drr. ... t:ic:i 

cont&in:o all the ~unct icn:o, 

co .... t.ir.liti~r.!1 
- The step ~y ~tep ~of.e - t~e ~&r.e ~rogru~e ar. ~nr the 

sutol'!tttic ~nntrol :::o~e 

rhe tCC~nical :tpeci~ictst~On ~hi:tll ~~ Vt:-ri~ied. 

!"!"pecially it 0 houL! te veri~ic.~ - lcn,.1,, ~ of' r:achine 

?~rL~ ~Lroke!" ftubl~ e.t.c) 
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- ') -

-··~lo~: ti·.?~ -. " ... 

'!'he :;ual it/ c~ ,:~i .te ... ·1s_:~ !"~all te v~;: -'!_~-~. E -:~::i ally 

it ~hould he veri~i e-!-

- i ~ tt:.e sur~&ce o-.. :.:11~ 

'~o ~'-&pes rr unot:i.:-·!' 

. ~ .. :.~t 

Sote - !'rort the 't:1alit:1 a: ... :'J! :c"'~::·: it i~ po~~i~le 

to reco,:r.i!:e the qtHslit:! o"'" ~·;e !!:'.ainte nancP' 

- the t~ckla~h l~ the ia:~c~JJ~ 

Drives 

fhe ~!.uency n~ 

. FI I 
-F --1 -

¢1 
ro!'ition'?.! t:art) 

u1·i1:J-;h~ll tP. veri-

-----------------'---------

t - ~, 

?~o stick ~lip :".ot:cr. :~:n·1l 1 tip;:.•~:•r :~:'! ~;rJ~:! o~ t~e 

~i~l t;a:1t~e ~~:o.:l-:~wt :•to~: 

FINAL REPORT, VOLUME Ill. P11e II 



j.j Cooli~~y equi~.ent 

- . ... 

E~p£:'"' ~all:1 it ..:-?loul~ ?;~ ve?·i!"ic1!: 

- if it i~ p~~~ib!c to 8!:w~t :te ~lo~~~ th~ coolant 

to s! 1 poi:-lt!'I o~ C"...!l ti~;: r::·ocess 

it" it i:: pn .. ~i~le to ':!.;:1~t :~:•• -·:::::~t:.:..:1 n~ •.!.•"? ~ool&!'\t 

w!: i c~ ~!. n·• :l • '.' :.r.c ;~~: ~i: r ~ cu·~•. i Ii~: ;::-oc·.:-; s 

J.4 S:>ir.·!le 

'lt=ri~ier!. E!!;>eci'1l l:; th:! c!o.;1,.:-<:!"1Cc >. t·:~ ~'~or.t '·•:•s:-:.r.1; 
.. ~.o:il ! ::e i:·~kco·1:··= • 

I -

----
------····-

,,.:11 

~-

---------· 

-

• I -- . 

I. 

~ 
f . -

; '----~,-. 

P~ 
-=--

/z 

,-------

i 

I 
I . 

~ 

---

,.. ,.. 

'r? ...... -4,..,/'/ 
/' 

,,/. .., --
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4 ACCJ:"HC'/ 

,\ccurucy i ~ l'ne of thP. r.:o~t ir:porlH!"l f"!'<";-:r.:·t ie~ o" the 

cachinl? tot\ls. 

4.1 ~eo~etric 6ccu~&cy 
Gcccetr-=.c acc11~acy t~e ~ccu~acy o~ :~e ~~ttpes, :-elbtive 

~ositio:: .. t::.~ ~c'!.btive !!:.OYe~ent~ of 

ft rt ~hould be teste.'.! ac~or.~:r.e to ti':.e :·.stio:1ul ~taiard!" 

for particular ty~~~ "~ ~a=~ine tool~. ~h~~~ st~~~ard~ 

!'!houlc co:-:-es;::o!" . .! to t: .. ~ :~:c· ~ttar. :ar: - accept ~nee -~eviat !o!':.s 

con1~ tions ~"r ;:art ic11! H:- ty~e c~ -..~.e r.rsch:~e- ~er!"':!!" c:i ~let 

The !'>a'.'!e :'or ol l the ~es~".!rei:enli i.., !:tanda!'~ J<·:c '.'°' Je-1 

ACCe~t&nce cede ~"=' ~ac~ine tool~, pa:-t 1 ·~eo~etric 

acc:ir;,,cy r.!' !"':Bchi:·h!!'! 0;>11::-a~i:li: 1i.r •• ier !':.O ln<:·! or "i~i~hina 

cor .. :h lions 

!n this ~:sn~erd - con~i~icn~ r~ ~e&cure~ent 

.~e~ir.i t :en!: 

:-al checY.s 

:'e~t C'on:-!iticn·-

~:-.~tolation ~,,. ~~-:? ::ac!-.:r.t? -~o·mr!at:.c!: ~~co:-::in,~ to 

tech~ic~l ~pec!rirution 

- leve! !r.·: o~' t~H~ !!..achine &ccor-

.~in!: t:l : .. \.. ~ar.u~act•.Jrer 

in~tr11r.tion!O 

:'empie:-aJ.ure ~~~ t~e :'.':!l~'":.in(: - tsl l t~f; co::.t-or.er~tr. 'cpin::lt!) 

~~ich ~r~ lih~l~ to ~~~~ up 

!Jn<! ~o~ace-;·!ently :.o c:&1sn:--:a rO-
.:i: t :~r. ·"':· ~Us;1c :':"!!Jll te ~=-o~...;l"".t 

l'l the ~~r-r~ct tt~-~~e:"1t11::-e r;.·1 

:·11r~~-in~; ·.~..-: '.":Sc~iri•' i :le: in 

·.~ .-:o:· :.11.1·~ .\: t:: t:-_,_ ~<':.:~it ir.-r. n~ 
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Run 01.Jt. 

- 5 

- ".'~t n~ roar.·! - e:'!'O!' relative to th\! circular 

~o:'o o~ the coMpon~nt 

- rR~ial thro~ o~ the b~i~ o~ t~e ?~~t ~hich 

:ioe~ not coinci•~e e:v.:actl:; •ith ~he :.i;cis o! 

:-otation 

the erro~~ o~ be~rin~9 

Cc.- Cf .s " I 

{ > ~,.:;.,.,,,.: 

, I 
r c- c' &; tuJ"' 

~ ; ,.:;. ,. .r ., ( 

aur 
o( r~:T ,,,. 

"'"'~ &.. ' 
7.l'r:;u/ - ":> 

0 1: ,t-,~ l (,·v-. . 
~-· - . 

:!"~t1::-:.:1! ·=.1~·,:1ce 

--(~ (~ ~ --r' 

~\ ·~~&.. 

l ' \::) 
I 

Per::.C\11ic axittl !'tl !2 - C-/.t.•~r.t o~ r•:;.;i1;ro::1tLin~ :r.otion 

~'on~ ~~~ ~~i~ -~ a rot~ting pnrt 
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~u!'~ece fir-:. ~ ax i ~ o~ r-o t :at ion 

r.' _, 

peq.>~n-:: ::u!!ir 

C) A::-:ial ~lip 

~ . -----
10 

l -----· • i -·. 
l --·----·:--·· ·. L_' 

VJ ~---' - t 
L~-@ 

'"" I 

--- --~ 

, 

/· 

• .;:.. f 

I \ I , ,, 

:·11 tht l -c. ::ot 

f 

- .... 

···-----/ 

,. -··--
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StraightnP.~!'t 
•i, 

A !ir:.t-! l<'C&te·! i:1 n ;~l:s:~E: i:: d~c!!c,~ tn ~.e ~trt:,_:'..t 

ove:- u ~;!.:i!r' !~:-.Lt~1, ·.;'.,er1Hll i :." :~cir.t~ .arc: :·or~:air.c:! 

~e~~e~~ t~o ~t~ui~ht !in~s pur&llel tr t~~ ~~~~r~! ~ir~c
tior. of the line, '.\!"lo~e .ii!lt;J:·:-:-i! ar•irt i~ ~;i1uil to t~e 

tolera!lce 
?he general direction r~ t~e lin~ (~dprese~tative linel 

::;hall be de!"ined so a:c to iraini~aze :~e st!ti5ht1:ess cievi
&t ion. 3ut it can he cor.ventionally 1e~ine".! :.y t·.-o 

points chose~ ne~r th~ the end~ or the line to ~e checked • 

' 
.. ~· ,,,.. • ~e
•• ~ f;_,,I ,,-----...._ __ 

~/ --- -~~-~ 

~ .... 
-. -----··.th 

!/) f 
I 

__ 7i_7 __ .l-. ·····--· 
/ / . . , 

/\ / -.r-- , 

: ...... ___ \ 
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Strui5~t line ~olion 

~i&ear devintior o~ ~t~~i~ht 1i~~ ~rtion 
- i ~ defined 

hy the strui~;!ltr.t?s~ c·~ t~.e C!'!s,~t?-:to~y #' l!".t: ~unr.tio

nel point o~ the r~;:re~er.t&l:. ·1-~ poir:t o~ tr1e c.ovinf; 

co~ponent - i~ the pert c~r~:P~ t~e tool, tte ~un -

ction...-el point is the positior. o~ the tool 

~hen meas~red, the dial ~auge ~hall ha al~uys placed 
in the position ~~ the tool. 

-- -· ------·----lle-.------r, 
I J 

L~---- < 

I 

') 

\-~---, 

~----· 
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......... 
.......... 
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Farallelis~ 

A 1in~ i~ jee~e~ to ~~ p~rallcl to the ?lhne if, ~e&-
f';.;ring t~e ~i~tance c-~ thi~ line ~ro~ the repre~ent.utive 
line <'~ inter3ection ~~ tne ;>!nne ·J=~-~ tt:.e r.or:-:ul p!.ar.e 
i ncludi~~ the !. ine <at 1i n:.ur.ter o~' points, :..~e r.:ay. .!i ~!e

re:ice o~~erved ~it~in ~ ~iven ~an~e ~nes not e~cee~ the 
p~ejeteEinate~ walue 'to!e~~~ce} 

---
/ 

. ,,,...---
----~--: 

Parallelis~ of ~otio~ 

~he terc parull~lis~ c~ =otion re!'ere~ to the po;.ition 

of the trajectory o~ tte ~~nction~l ~ni~t 6f the ~~ving 
part f the ~BC~ine in rP~btion to 0 pl~ne 

lc:po:-tant 

- ': t ra ice to::-·1 o!' "' ~ 

~ ~nint o~ ~not~~r 

rr.oving ;:usrt 

;:>!i:-ul le 1 ! !lr.: include~ c:trr1i~htnes:o. 

- rhe unit o~ ~eviation i~ not t~e 
HnLle unit hut the unit o~ len~th 

within ~ diven ran~e ~~ ~i~~hncc {~ovement) 

er. ·.·~": ic!': WH!" ~~a!';ured rr.im nve:" the ler~hth "~ ••• r:c) 
; :-:r; ;>~ r • • • • rtrr.} 
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\ 

\ \ \ 

.~>-"'l{eb'N< p-/ 
~-1,,L,~·k 

. 
I 

,----- i _-' 'T I -
=zs=-, -------------· ;1 _J ,- -----· ~ . =-4· ---

·····-L 

1----. _-. ~· 3· 

---r ------
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:ifio planes, two st~aight line~ or ~ ~trni~ht li~e and & 

::;.lane &!'e ~ai~ to ~-e perper • .:iculur 1 irihCn the deviation of 

_pa!.~!~-~}~:!_I!: in relation to the st&n.'.!ard squur~ ·!oes not exceed 
t~e predet~r~inate~ value 

a) Sctuarr.ess in vol ve:i sti·ai.:!': tr;e "~ 

~he ur: it of ~~iuljrene~ i ~ r.ot nn~;le ~nit but 

the ~nil o~ len~tt cithin b given r~n~e o~ ~istance 
I!:~ 0·1e!" t~e le:-:gth of ••• ~ 

--------·--

t 
--·-· - - -· ---- --
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b) squarness doe9 not involve ~traightness 

~-------

I I I .> 

.!.'he l!nit o~ ~quar-nes~ is t!le angle u~it 

-... ~}'------=-----:-_-=i1 ~ 
L 

mm/1 

FINAi, REPORT, VOLUME DI, Pa&e 99 

• 



- 14 -

4.2 Repeati~ility o~ po9itioni~ o~ ~anu9l controlled 
1t•ehine parts 

rhe repeatibility o~ ro~itionin~ of pnsitioned ~achine 
pa~ts ~eeing set ~ever~l ti~es \lC ti~e~l to the target 
position by ~eRns o~ p~~iti~~ing parts (hon~ wheels) · 
~hall be checke~. \.i.Qn 
Note: The target ponil"is the theoretical £inal position 

~r the positio~ed ~art define~ hy ~ean~ of control, 
in thi~ Cb~e by ~P.ans o~ positioning ?3rt Chan~ 

i;.heel) 

•:easLJrin.r - the .!ir~erence tetween the actual position 
nnd ~o~~ ~clecte~ position (u~unlly the 
fir--t nctuul ;>0!'!ition' i!'! n:ea~ured - ~dx' 

n ti~P.~ in three position~ of po~itioned 
~ar-t ~: ,, , 1/2 ond l/5 o~ tt:e lcn~th or t~e 

Evalu~-o-n----., ________ _ ·--------

Repeatibility o~ po~itioning 

where 

.R = 41/--~--- 2-( n - 1 
i = 1 

-2 
(.llX. - 4x) 

1 

n ••••• r.u~ber o~ ~eo~ure~ent~ !lC) 

AXi···· ci!ference o~ position ~or 
ya~ticular ~ea~ure~ent i fi=l ~ n) 

•••• 
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The repeati ~ili ty r .. o•m:~ ~honl~ te in the conformity wi t!'l 
the technical ~peci~icatinn n~ ~achine o~ with the reco
m~ended value~ - see Ar.~ex A - General directives ~or 
in!itpection 

4.J Repeatihilitfof positioninfi o! po~itionc~ Machine_part!'! , 
~hen the position control ~y~tem 1'lh dogs or stops 

iff used 

rhe ~easure::ent end evalaation is the S&!'De a~ f'or manu
a! cnntrol 

4.4 Aceurac1 an~ repeatihility of positioning o~ NC machines 

The aea~urer.ent shall !le car:-ic:'! out accnrding to the 

ISO 230 - 2 ilcc·?ptance code "'"nr r?achine tools - Part. .2: 

Determination o~ ~ccuracy and repeatibility of poaitioning 
of nuaerically controled machine tools 

~=ote - the standard i!'i U!tder ravision - nearly f'inished. 

Accordir.& tn ~he last draft 

Con~itions - ~t the begining o~ th~ oea~urement the 

r:sc!line ic: in the co'!..! conlitions {tec:;:>e
:-atu~e cor~e~;::on~!'! to the ter.perature n!' 
e~vi:-c:-~~ent 

:.~eac:arecent - Laserinter~eror.eter 

- o;;tical sc1tle 
-step gau11e 

R., //,Jo, L:J ,,, ""' ""''~ .v ~<f~v 
Jt_·-__ Li __ 

_L_ --- -- l 
--t'---1--1--+ 

] 
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Li r.eJtr :wtQ"ercent - c:inir.:a1t 5 tar,;et pnsi ti on oa the len.5(lh 

of 2 ~. ;he ~alue or eac!l target po

~i ti~r. ca~ he ~reely c~osen , the distan

ce ~en~een t·~o tur!;et pnc:i ti on~ shoul·! te 

1· = ( :i • .. ) ? 

·.-~r:re 
.. ,, 

r 
p 

i!"; 

& 
.. 

i~ 

oi•• i tet;er 

ri r=..~.t!o:-: -!eciral !'raction 
t~~ !a~~est cyclic pich o~ 

the axi~ un~er te~t ~ e.fi. or.e 
!·o t1at io!: <'-~ the :--.e~c:~rin11 le~:! 

:-ou~ry :-.o·rc~er.t - ..:ini:--~!!- e ::"~ition!= ir,cllu:!ing 9C0
, 

18C0
, ?7C0 

, c0 
• 

!!le ::P.B!'!\lrecent !!ho:.il·! be repuat9·! ; ti~e9 in both 

~irectinn o~ ~ove~e&t c~in~ "li~e&r ~ycle" 

? 

I ;;> .. 

~ .__-<'---· - ··--- ------

0 > ·----'~--..... cj>pi.... _____ .. ____ --.."'"- --- - ... -- .. ___.__ ____ _ 

- ---o--· .. --· C> b--- ·--~-

- --
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i ; .' i ::ct : :: l 

~;r~l.Jbtion 

... ~&c:. t=s:-,:ct i-C"·:•ition 
- .... --

~-~i:~n&'~or ~ech ~irectiofi 

) 

:A; :_} = 
1 ,-,, .. 
j ~ 

1 .. 
J -l " y.: - ' = ~-- - . 

. · ,, 
= l 

:-: : { - } 

,. :' ":".O'!C!'::..e~·r-----

9.(-} , .. 

tio:: 

=~ : 

= ·1-:-
I A .. 
r , 

= 

?--
1 .. 1 

/ 
.' 

~ 1 

( "· .. . -.. 
'? 

.· = • , r-

- t";. 

. ',-x .. - . .. 

-. . ···~·.·1:·~.··:·· ··,..~ ~(":.~. 

= .:~:.··-' ., J . 

FINAL REPORT, VOLUME Ill, P91e IOJ 



--

_, 

- l~ -

a~ . ~ = !'!8X •::;: ~ :i ... n~ ] I . ' : 

~(- ' = =-::.:• V:Sl..l'..! o~ : . .. • ,-... ..... 

Fre~entation o~ rPsult~ 

-J 
K 

,,,---

--- Q: ------ - ----

) 

r r-J .. 

, - ~._" -·- -- " ' ----- --- -- ......... ----

--~-

3 

:.:~.-: :H-}; 

- -.> 

·1ula~ 5 c. iJ Y. 

". . . l ~:. 

-
........ - ~-

--- \ 

6 

~~MX ?~l~~ O~ g;~ .. 
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4.5 Linea~ interpolation 

:te accu~acy o~ :~e ~~su'!tir.g linen:- path th~t is p~o_ 
c!uced by the ~irr.ul t&nen.1~ ~ove!:ent~ o':' two ilOsi tinnec! 

;:>firts ir. t:.;.o line.::r ~ze:·; {:::::~ cnr.t~ol} c;hall be !':~!l~!l!'ed. 

- '!,'l{.. v:-::x 

i-.~!S~:::-e~.ent~""."' ~n:.:: ::i::--~c-t:o~. ,,,. :---.-~~::-.ent "itho•1tch&nbir.·:: 

th!! &rr-s:r.~er:.er.t c!" t:-t.e ::.e1.;~11r~Itent 

:: • .a teet .. •i.O:..I},'"! ~t- ~::1:-:·i~-: o~~:_ i:.;al!. coo:--~~.:o~te ;>l~nes 

I 

I 
I 
~--- -· --, 

I 

l 
j 

) 

"r-...eo:..,. l > f,u, ·'·''"'fl'~ I 
- ·- -- . -- - ,, 

I 
------·---.....:.. I v . --· - . - -

:'t:.C :°!i !°~e!•c:,-:.;~ 0~ pOS i. tiO:l 0~ P';t'.Li ..-l Y.2 - d ;cl 

~ho•Jl "! :.e ~ ·n ::ct!~· !~ it i ~ rtore, 

~he velocity ~o~3l~~t 

in action is not co~:·ect 
;;:--.;1li:'i.~!stior. o~ the .lrives 

- i r. :iho ; 1.! '.··! t:;t! s c.:..e ~or 
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(.5 ~ircular ir.t-?rpo1ntion 

:'!lr"? ecc~rnc;t 

·:aced ! y tht: 
of t~e 1circul:;r 1:11t.L) =··~-~~1lting(th!1t is pro-

..______ -~~~----

~icu!thneo~~ ~cv~ient~ of t~o ?C~itionc1 
;rarts ir. t~vo axes s!1all be me&!'!.1r.a-!. 

:'he ::ea!'!urea..ent shull :~ csrrie:! oat :sccor:!ing to the 
!~C 2 )C;-.J A.:ceptanc•.? co;:e"°or ~-~•.:hine tools - Fart 4: 
Circular tests ~or chdc~in~ 

~~easureiter.t 

I 
---~ \ /' ~ ....... 

~·1 :i! ua t ion 

@ 
/ 

.·'I 

£ 

, , 

: i rc~l a:-- r!·=·1 i:.: tior. - :':1•! ::.ir.ir::.11:. =-~:lial ~epa:-ation 

o~ ~·:;o ~o:.c.:.:&tric cir~lt:" ~nvelopifld the 

!:e CC~!'/>!ntiO!idl l:; F.V:;}T:tr;.~ '1!'! t~~ :D:!X. 

r1~~isl rJ.sr!(;~ B!"01rn·! the 1'1~ .. t ~~u~::-e cir!=l~ 

:ircul~r ~y~terezi~ - ~ax. rH1ial ~i!fcrence ~et~een 
t·.r;o Rct11~1 puths, ;·;h•rc on>: p&th i ~ r.a::-:--i erl 

O!:t h.\· cloc!<wi~e conto~1:"ir:i~ e:snj one hy cot;nter

c locb·•i:~e 

4.7 i~9ctical te~t!'! 

::.i-~cc;:;-:.~in.-~;: :0:.:!it!.0:-1~ ... ~=· 1~'.;:-t:c•1~::r- t,:,-p•· o" :-:-.achine to'l!~ 

r~.'.Jll ~~e C<J:'!'l•;.~ o·.:.t 
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; Forced vibrations 

v 
The et'~ective valuee or velocity cin.! .!e1iation of force·:! vi-
t:-&tionc; ( cau~c.! ~Y U!1bal ur.ce~ :tal:ine rota ti ni; parts) 
~hall be ~P.a~u:-er! 

!-.ea~urea:er.t - •• the spiadle head ill the plane perpendi

culur to ~~1e !ipir.~le nxi ~ en:! pa~ing throur,?l 

~ront bearing in two 1irectionc perpenjicular 
one to another 

- bll RP~ &vuilo~le ~hall be use1 

all e~uip=er.t on the ~&chine i~ switche~ on 

-toth the s~ell balanced ~orkpi~ce and the s~all 
balance1! tool are r.lW!!;:>l?d i!'l positions 
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