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1. EXECUTIVE SUMMARY

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

1. The project idea was quite nght.

2. The 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 impossible to forecast a future world-wide economic recession in the 90s
of this century.

4. The above-mentioned recession has had a bad influence on the machine tool
manufactunng industry of the Indonesian Republic too.

5. All that caused a necessity to add the project objectives. as described m the first
Progress Report of the first field mission.

6. In accordance with goals agreed by UNIDO authorities, wishes of the Board of
Founders and requirements of Ministry of Industry of Indonesia contents and
mplementation of a training programme for uie 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
consultancy of qualit;" management systems according to the ISO 9000
standard series
+ automotive industry services
feasibility study preparation and working out
educational programme (lectures. seminars, courses)

8. The absence of any executive foundation for the MTDDC processing was a big
obstacle.

9. This fact led the MTDDC management to a continucus battle to survive its position.
The first contracts concluded by industrial companies and institutions and the MTDDC
National Director helped the MTDDC activity to spread and continue after the project
dead line - October 1993,

10. All the Czech institutions taking part in the project implementation are ready to
continue their co-operation with the 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 transformation of the MTDDC objectives
to arrange such intemational contacts for future co-operation

+ to train the MTDDC staff according to the mitial and additional aims of
education
to create technical documentation for the first contacts with customers and
activities on the contractual base
to provide 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
Faculty 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 of Industry of
the Indonesian Republic and that this institution has all the conditions, and framework,
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for the development of the services necessary for the Indonesian machinery industry.
However. it would be both useful and significant to provide the MTDDC with a
government grant for the first two or three years of independent activity.
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2. PROJECT BACKGROUND AND HISTORY

2.1 History of the Project

The Project No. DP/INS/88/030 titled "The Establishment of a Machine Tool Design and
Development Centre (M.T.D.D.C) was undertaken by UNIDO/UNDP and the Government of
the Indonesian Republic to make necessary support for the developing local machine tool and
metal working industnes. The idea was first proposed in 1988.

At this ime the metal working industry in Indonesia was based mainly on assembly cperations
m areas of higher product sophistication from workpieces and components imported from
collaborating companies of advanced countries. A certain part of workpieces was
manufactured by local producers who were the main users of machine tools. The machine tool
mdustry m Indonesia was in its initial stage.

There were 16 companies which have been licensed by the Govemment of the Indonesia
Republic as manufacturers of machine tools. A majonty 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 n Cilegon.

The remaining 13 licensed machine tool manufacturers used poor technologies and could not
be a base for the development of local machine tool manufacturing. The types of machines
assembled at that time were required more for training in techrical 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 imported parts. workpieces and
components.

The import 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 imported 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 UNIDO Vienna headquarters 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 Govemment Implementing Agency was the Ministry of
Industry of the Indonesian Republic (DOI of IR).
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2.2 Objectives

Expected outputs of the project according to the "Terms of reference for sub-contracting
services” are as follows:

* Required activities of the operational Production Engineering Department of
MTDDC

l. Consulting the metal cutting technology (selection of feeds and speeds for different
types of cutting tools and materials related to the different metal cuttirg processes)
Establishment of a metal cutting technology data bank for all major metal cutting
processes

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

4. Prowvision of extension services in production engineering technology to the industry
5. Provision of extension services in tool and jigs and fixtures design

9

had

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 machmes)

Supplying designs to local machine tool manufacturers

Testing procedures for machine tool manufacturers

9. Provision of extension services to the machine tool and metalworking industry

el

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:

POLYTECHNA Technical Co-operation Agency

BANSKE PROJEKTY OSTRAVA, consulting and engineering centre
INPRO-BRANCH INSTITUTE, Prague, technical and educational centre
OSTROJ OPAVA, niachinery works

ZPS ZLIN, machine tools producer

TOS KURIM, machine tools producer

R N

During the project execution the above-mentioned institutions joined with other very important
Czech companies to spread the capability of fieid team members and to utilize their expenience
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“ing company of the project proposal preparation. training arrangement of the

MTDDC staff and support of the MTDDC executive activities was POLYTECHNA Prague
as a sub-contractor body.
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3. 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 making simple machine parts the industry has progressed to building precise
machines and equipment such as conventional machme tools (Celtic 14 lathe of IMPI Cilegon)
to CNC machine tools (MC07-PF machining centre of PINDAD-FANUC Bandung). This
growth has been cenditioned by the mflow of capital investments from multi-national
engmeenng companies. Access to this 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 experience. local machinery manufacturing
companies are now able to fabricate more precise and complicated machines and equipment.

At the same time The Indonesian inarket is occupied by very skilled machmery producers
from Japan. Taiwan. Singapore, South Korea. HongKong and other advanced countrics on
one side and on the other side it is flooded by a cheap machinery equipment from Chma and
other developing countries. This has created very strong competitive pressuie from those
foreign producers upon local manufacturing companies. Regardless of the above-mentioned
growth of capabilities the Indo: :sian machinery industry has lost a great part 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 expenence received
during the visit of subcontractor’s experts in several machinery companies in Indonesia. These
visits to Indonesian factories were arranged to gain a general idea of the factones’
performance. their effectiveness. and the level of production facilities used for operation. The
state-owned and private companies visited by experts. 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 factornies visited represent a
very goed technical level and create not only new jobs for the Indonesian economy but
influence positively all the factories in the surroundings of the region.

The basic problem of state-owned 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
products for the transformation of production programmes is of greater significance. The
position of private factories in that field is better now, but they need support 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

‘the strategy of the Government 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 of highly advanced technology. But this
approach is based on the assumption of optimum choice of machincry production sectors
regarding the interest of national economy.
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In accordance with this viewpoint the government interest is to increase and to develop local
machinery industry in the field of manufacturing of workpieces. spare parts and components
for trucks and personal cars. Tc this end. a special order was passed by the Ministry of
Industry to raise the share of local industry in parts 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 of QMS certification according
to ISO 90006 standards in production companies. The procedure of certification needs a
comparatively long period of company preparaticn for QMS implementation. This movement
is supported by the significant order of the Ministry of Finance and the Mimistry of Trade on
the 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 nigad financial policy in Indonesia to a more free fimancing activity after a three year period of
limitation of investment policy.

33 Machine Tool Producers

The Indonesian machine tool producers are associated in ASIMPI . The Indonesian Machine
Tool Industries Association was founded in 1984 by 11 members. The aim of the association is
to be a government partner in the ideniification 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 formulation of the machine tool industry development
policy

* to collect information concerning the machine tool industry (Central Information Bank)

* 1o support the technological development of machine tool producers

* to analyze market conditions and define the strategy of machine tool manufacturing

A brnief 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 PULOGADUNG
Year of Establishment: 1973
Place: Jakarta, Pulogadung, Industrial Estate
Status of Company: Private Company (Tjokro Group)
Amount of Employees: 350 persons
Business Line: Machine tools, parts for vehicles, gear manufacturing
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- P.T. PINDAD (Persero)
Year of Establishment: 1984
Place: Bandung
Status of Company: state-owned company
Amount of Employees: 5400 persons
Busmess Line: machine tools, Defence Industries

- P.T. TOOLS INDONESIA (TOOLSINDO) FIRST TRADE
MACHINERY
Year of Estabiishment: 1985
Place: Jakarta
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 Report includes a description of
some companies of other branches.
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1. PARTIAL TRANSFORMATION OF THE PROJECT OBJECTIVES

4.1 Additional Aims

The additional aims were defined by representatives of the MTDDC management.
UNIDO/POLYTECHNA field team and UNIDO Vienna office. partially to transform the
MTDDC activities in accordance with the actual situation of the Indonesian machinery
mdustry. 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 consultation
- metal cuttmg 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 consultancy
arrangement of technical semmars and conferences
educational training for machinery factory staff
co-operation during Feasibility Study elaberation

® & & ¢ o

4.2 Useful Additional Activities

4.2.1 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

4.2.2  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 claboration
Experimental implementation
Preliminary audit
Preparation for certification
Co-operation with NOVOQS Singapore. INSPEKTA Prague
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42

19
157

Automobile Industry Services

Methods of parts manufacturing evaluation
Local share of production of workpieces
Government Rl Instruction

MTDDC tasks

SUCOFINDO Jakarta new division
Organizational structure

Future co-operation with LIAZ Jablonec

The Ist. Sth, 6th, 7th PROGRESS REPORTS give the explanation of the necessity of the
above-described aim transformation.
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PROJECT REAL IMPLEMENTATION

5.1 Project Subcontractor’s Team

The subcontractor’s team went through necessary changes in accordance with the
development of the project implementation. The flexible changes regarding the partial
transformation of the project objectives based on the agreement with the UNIDO office and
National Project Director have been as follows:

¢ Initial team members set up from the Project Proposal: Messts. Sebela. Ph.D.. Sevéik.
Ph.D.. Houzva. M.Sc. Urban. M.Sc.. Koneény, M.Sc.

¢ Added team members: Messrs. Tomek. PhD.. Pujman, Ph.D. Bauer. M.Sc.. Madle
Ph.D.. Wencl. M.Sc.. Zemlicka. M.Sc.

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

In the traming period other experts from the Czech companies and technical and educational
mstitutions took part - a total of approximately 100 persens. Some other experts helped the
MTDDC staff to arrange the follow-up training in Singapore.

Participants of field missions:

Mr. Sebela Zdenék, Ph.D. - Team Leader - expert in the research of the modernization of the
machinery industries including the implementation of advanced technologies and feasibility

studies. skilied in operation management and production planning

Mr. Sevéik Arnost, Ph.D. - expert in planning of research institute operation. information
system utilization and hydraulic system development

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

Mr. Tomek Pavel, Ph.D. - expert in reszarch and development of metal cutting «echnologies
and cutting tools, advanced technologies. flexible manufacturing systems

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

Mr. Bauer Jaroslav, M.Sc. - expert in standardization of testing of machine tools,
measurement of machine tools and 1SO 9000 implementation

Mr. Madle Ludék, Ph.D. - expert in metal forging, metal forming and metal welding
technology data base and in CAD/CAM implementation

Mr. Wencl Karel, M.Sc. - expert in HW and SW of metal cutting technology cata base
responsible for its implementation
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Mr. Zemlika Petr, M.Sc. - expert in consulting of quality system implementation as directed
by ISO 9000 standard series.

The home support of field missions was provided by further experts as follows:
Mr. Urban JiFi, M.Sc. - expert in machine tool drives and servodrives and in automation

Mr. Konecny Bohumil , M.Sc. - expert in machine tool assembly. testing and set up

Mr. Imlauf JiFi, M.Sc. - expert in the preparation and provision of technical training planning
and on-the job training preparation and providing.

The home support was also provided by the staff of participated institutions as follows:
- POLYTECHNA Prague Ltd

- BANSKE PROJEKTY Ostrava Ltd

- INPRO Prague Ltd

- VUOSO Prague Lid

- CVUT Prague (Technical University)

ete.

The on-the job training was ensured through the assistance of many experts of machine tools
producers as follows: ]

- KOVOSVIT Sezimovo Usti Lid.
- ZDAS Zd'ir and Sazavou Ltd.

- TOS Kuiim Ltd.

-ZPS Zlin Ltd.

- OSTROJ Opava Ltd.

- DIAGNOSTIKA Darkov-Karvina
- STROIMPORT Prague Ltd.

- TOS Celakovice Ltd.

etc.

The MTDDC staff training in Singapore was assisted by experts form the following
mstitutions:

- SISIR Singapore Ltd

-NOVO-QS Singapore Ltd

- OMRON Singapore Lid

- The National University of Singapore

etc.

5.2 Project Field Missions

The objectives. members’ tasks, duration, and achievements of the field missions are
descnibed in detail in previous Progress Reports:

Ist PROGRESS REPORT - 1st mission (08/1991 - 12/1991)
Sth PROGRESS REPORT - 2nd mission (the first part, 10/1992 - 12/1992)

7th PROGRESS REPORT - 2nd mission (the second part, 04/1993)

FINAL REPORT, VOLUME I, Page 16



(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 Mission
Time Penod: August 1991 - December 1991

Objectives:

* to mvestigate the actual situation of the Indonesian machinery industry and primarily in
machine tool manufacturing

¢ 1 accordance with results 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
technical training in Europe

¢ to prepare the basic version of the training programme

Participants:

M. Sebela. Ph.D. (4 m/m)
Mr. Sevéik. Ph.D. (2 mim)
Mr. Houzva. M. Sc. (2 m/m)

The Second Mission, the 1st Part

Time Peniod: October 1992 - December 1992

Objectives:
* 1o participate in the preparation of training in Singapore
* 1o arrange on-the job training in the automation of engineering factories and metal
cutting technologies - by OMRON Ltd Company - Smgapore (free of charge)
¢ to continue the theoretical traming received in the Czech Republic (data base for metal
cutting technologies)
* 1o 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: Apnl 1993

Objectives:
¢ to improve the possible co-operation in the sphere of the Quality Management System
Senvices. between Inspekta 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 centification in the machmery industry
* to claborate a programme of the last part of the second field mission in accordance with
the current situation of the MTDDC
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Partigipznts:
Mr. §ebcla. Ph.D. (1 m/m)
Mr. Zemlicka. Ph.D. (1 m/m)

The Second Mission, the 3rd Part

Time Period:

The third part of the second mission was arranged in accordance with an agreement between
UNIDO. DOI of IR, MTDDC and POLYTECHNA as the split missions as follows -

a) May 1993 - June 1993

b) July 1993 - August 1993

c) September 1993 - October 1993

Objectives:
a)

b)

<)

to hand over lectures prepared by the Czech experts for the proposed
seminars

to work out general guidelines for the inspection of machine tools to venfy
all important characteristics

to visit the chosen Indonesian factories to get the general idea of the
industnal level m manufacturing

to elaborate Field Report of the factories visited including the main
suggestions for their modemization

to continue the elaboration of the mstructions for mspection of machine tools
for the verification of the properties 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 nols

to recommend technolcgical principles of forming and forging processes
with some important basic technological rules

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

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

to take part 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 charts
elaboration in accordance with metal cutting conditions)
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- to take part in the postgraduate course preparation {organized by the
MTDDC. the University of Indonesia. UNIDO POLYTCHNA team)

* to present lecturcs n accordance with a complete survey of technical
mformation 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 above-mentioned topics (A-operation
management. process design. production planning and scheduling. imventory
management). (B-automation of manufacturing by using CNC. advanced
technologies in machinmg. 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 Sebefa. Ph.D. (4 m'm)
Mr Bauer. M.Sc. (4 m/m)
Mr Pujman. Ph.D. (1.5 m/m)
Mr Tomek. Ph.D. (1.5 m/m)
Mt Wencl. M.Sc. (2 m'm)
Mr Madle. Ph.D. (2 m'm)

The total duration of split fieid missions wvas 27 m/m.

The home support

The field missions and educational technical training of the MTDDC staff were supported by
home activity of the team members. This home support has been provided from January 1992
to August 1993. The home suppon consisted of:

* working out of the technical training programme
participation in both theoretical and on-the job training
elaboration of the documentation of QMS (Quality Management System) piesentation
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 forming processes
preparation of the data base for metal cutting technologies
claboration of the proceedings of the postgraduate course - production planning
elaboration of the proceedings of the postgraduate course - industrial automation and
robotics

® & ¢ ¢ ¢ O 0

ctc.

‘The team members who participated in the home support activities in accordarce with
necessary project preparation are the following:

Mr Sebela. Ph.D. - 8 m/m

Mr Sevéik. Ph.D. - | m/m

Mr Houzva. M.Sc. - I m'm

Mr Tomek. Ph.D. - 3 m/m

Mr Pujman, Ph.D. - 3 m/m

Mr Bauer. M.Sc. - 2 m/m

Mr Madie. Ph.D). - 1 m/m

Mr Wenci. M.Se. -2 m'm
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Mr Zemlicka. M.Sc. - | m/m
Mr Urban, M. Sc. - 2 m/m
Mr Koneény, M.Sc. - 2 m/m
Mr Imlauf. M.Sc. - 4 m/m

The total duration of the home support activities was 30 m /m.
5.3  Training of the MTDDC Staff

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 traming in factories, laboratories and enterprises

F - Fmal stage of trainng

G - Fimal project elaboration

Proposed principal subjects of lectures and on-the job training in the Czech Republic

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

1)) Advanced processes of manufacturing

g) Engineering materials for meta! cutting processes

I1. Computer aided engineering

a) Advanced programming techniques

b) CAD principles

<) CAD/CAM and C'M

d) Computer aided measurement and inspection
€) Computer methods in the production planning

I11. Machine tool design

a) Construction of machine tools principal n +1es

b) Design and construction of the NC machir.c 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) Experimental 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. fixtures design

a) Matenals of tools

b) Optimum cutting conditions
c) Tools quality mspection

d) Sharpening of tools

e) Jigs design

f) Fixtures design

V. Automation of machme tools and robots

a) Robots and machine tools automation
b) NC Machine drives and control systems
c) Machme performance

d) Attendance and maintenance of FMS

VI. Manufacturing systems

a) System elements and operation
b) Control and management systems
<) System simulation

d) World development of MC and FMS
e) Application of FMS in the advanced developing countries

VII. Marketmg - 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

f) Economic statistics

g) Licence policy and foreign trade

h) Methods of prognoses

i) Principles of management and financing
1) Intemational commercial Laws
k) Principles and techniques of commerce

The first stage of the training was arranged by the following companies and institutions:
INPRO Prague (leading partner)

C\{UT Prague

VUOSO Prague ]

KOVOSVIT Sezimovo Usti

ZDAS 7d'ar nad Sazavou

TOS Kufim

ZPS Zlin

DIAGNOSTIC LABORATORY Darkov

BANSKE PROJEKTY Ostrava
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OSTROJ Opava
TOS Celakovice. etc.
Planned subjects of lectures and on-the job traming m Simgapore:

L. Quality Management Systems

a) ISO 9000 standard series

b) Quality Systems manuals and documentation
c) Preparation process for QMS certification

d) Framework of the certification procedure

e) Training for provisional assessors

f) Trainmg 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 equipment level

e) Programmable controllers for the factory automation and for the FMS
f) Computer integrated manufacturing - CIM

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

The second stage of the traming was arranged by the following institutions:
NOVO Quality Services. Smgapore

OMRON Ltd. Singapore

National University of Singapore

The following participants of the above-described technical training in the Czech Republic and
Smgapore were recruited as trainees :

Mr. Ir. Henky Nugroho

Mr Ir. Rico Sthombing

Mr Ir. Bambang Prianto

Mr Ir. Anf Ahmadi

Mr Ir. Wardjito (partially)

Mr Ir. Bambang Yosef Dwiono

Mr Ir. Handono (partially)

The National Director of the MTDDC - Mr. Indra Putra Almanar, Ph.D., M.Sc. - has taken
part 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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S.4  Fulfilment of Project Objectives

The project objectives were defined by the Project Document - No DP INS 88.030 B 01 37.
All planned outputs have been included into the MTDDC Work Plan. The outputs of the
project objectives were discussed by MTDDC management and UNIDO.POLYTECHNA
field team and common evaluation of their fulfilment (to December 1993) are as follows:

Output 1: Production Engineering

1.1 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 matenials (such as grey cast iron. non-ferrous metal. bronze, brass.
aluminium. all kinds of steels) and related to the different metal cutting process operations such
as tuming. milling. dnlling. broaching. boring. grinding. etc. Capability for determining tool
geometry requirements for above 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 maim parameters mentioned under 1.1 above, including cutting forces and
heat development during the manufacturing process with and without cooling. cutting media
ete.

(fulfilment: 100 ®6 - December 1993)

1.3 Organizational arrangements for provision of extension services to the matal cutting
mdustry for the proper selection of machine tools and their optimum utilization
(fulfilment: 100 %6 - December 1993)

1.4 Capability in design and manufacture of tools and tooling fixtures for metal cutting
operations
(fulfilment. 80 °6 - December 1993)

1.5 Organizational arrangements for provision of extension services i tool design and tool
application required for manufacture in the metal working industry
(fulfilment: 40 ° - December 1993)

1.6 Trained staff for the above items
(fulfilment: 100 % - December 1993)

Output 2: An Operational Machine Tool Design and Adaptation Unit

2.1 Capability in design and adaptation of design for simple conventional metal cutting
machme tools, such as lathes. milling and drilling machines
(fulfilment: 80 % - December 1993)

2.2 Introduction of designs to local machine tool manufacturers
(fulfilment: 60 %o - December 1993)

-

2.3 Established design and testing procedures for machine tools manufacture
(fulfilment: 100 °o - Becember 1993)
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24 Provision of extension services to machine tool and metahworking industry
(fulfilment: 80 % - December 1993

2.5 Tramed staff for the above items

(fulfiln.ent: 100 % - December 1993)

The additional output aims were described in Chapter 4. The planned and unplanned achieved
objectives together are to support the MTDDC 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 mstitution at the begmning of August. 1991. The basic
capital of MTDDC is 4.0 million Rupias which consists of eyual contributions from eight
founders.

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

BOARD OF FOUNDERS

BOARD OF CONTROL

EXECUTIVE BOARD

The Department of Industry of the Indonesian Republic is responsible for guiding the
development of the MTDDC through the period of the assistance by the UNDP/UNIDO
project and then through the starting period of providing services to the Indonesian machinery
industry.

The UNDP/UNIDO authorities are responsible for control and evaluation of the
UNDP/UNIDO 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 Personnel

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 meinbers for the full duty are:
- Mr Indra Putra Almanar, Ph.D., M.Sc.

- Mrir.Rico Sihombing

-Mr Ir. Dana S. Suroso M. Eng,
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At the headquarters there are technical and subsidiary assistants. There is no certainty that the
above-described situation remains the same because of very 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 activities
for the Indonesian machinery industry. From time to time they take part in working teams in
accordance with existing contracts with ciients or customers but they are permanently
employud 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. Anf Ahmadi

Mr Ir. Wardjito

Mr Ir Bambang Yosef Dwiono

Mr Ir. Handono

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

This position is more advantageous because the utilization of their acquired knowledge of the
engmeering of the machme 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 Reza Musa

Mr Misyal Abdullah

Mr Denny Andrew S.

and others.

The existence of a wider set of specialists to the MTDDC in Indonesia gives a guarantee of the
increase and improvement of the MTDDC services.

FINAL REPORT, VOLUME 1, Page 26




6.4  MTDDC Organizational Structure

The MTDDC m Jakarta is a comparatively simple organizational body and its structure has
often been adapted to the necessity of services required. At the end of 1993 it consisted of the
organizational structure on the following diagrams.

In accordance with the very close relationship between the MTDDC and SUCOFINDO
Jakarta in the verification of the share of local industry in automobile parts manufacturing was
worked out the organizational structure of the MTDDC automotive mdustry division shown
on the next diagram.

These structures are shown regardless of the actual people appointed for each function. The
MTDDC organizational structure will be permanently developed in consideration of the
development or services required by the Indonesian mdustry. For special tasks it could
establish temporary working teams of experts.

6.5 MTDDC Offered Activities

After more than two years assistance of the MTDDC it is possible to define its ability to offer
senvices for the Indonesian machmmery industry zs follows:

* consultations at the mtroduction and setting of conventional machme tools and the NC
machines and machming centres

¢ corsultations at design and implementation of production systems up to the level of
flexible manufactunng 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 process charts elaboration
(data base of mutual cutting technology)

¢ co-operation in the selection of production machines, tools. jigs. fixtures and accessones

¢ 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 of expert studies of the machines installation and technology implementation for
newly introduced or modemized 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 n
evaluation of the competitor’s quotations and participation in commercial and technical
negotiations

* marketing studies for the evaluation of sales of newly introduced products such as
machine tools. accessories and tools

* working the market through the advertisement of new products of local and foreign
manufacturers
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* co-operation in the testmg of machne tools (geometric accuracy. repeatability of
positionmg for manual control and for NC machines. noise. temperature. effects.
ngidity. dynamic stability etc.

¢ co-operation in engineering plant preparation for the quality control system
implementation according to 1SO 9000 standard series

¢ co-operation with both production and nor-production companies preparation for the
MQS certification regarding the ISO 9000 standard senes (education. traming. diagnostic
analysis. working out quality control documentation . providing preliminary audit etc.)

¢ co-operation i the verification of the local mdustry production share in the workpieces
manufacturing (automotive industry of the Indonesian Republic in joint production with
foreign automobile producers)

¢ co-operation in working out feasibility studies by means of input data preparation and
elaboration of special tasks mcluding economic assessment regarding local conditions

¢ crgamzation of courses on new engmeering production technologies and techniques for
the staff of industnal research. production and investor's mstitutions and for students
from the Indonesian universities

¢ organization 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 universities

* publishing the MTDDC activities through active participation in scientific conferences
and symposia and m local and intemnational exhibitions.

This scope of possible MTDDC activities is based on the technical training of the MTDDC
staff within the framework of UNDP/UNIDO project. on the skills of the MTDDC employees
and external experts including top management. and last but not least on the experience of
subcontractor’s experts passed on during the field missions. The MTDDC workers will have to
master and permanently mamntain a great volume of knowledge and craft in the course of their
activity wath regard to vanous requirements of their clients.

6.6  MTDDC Space and Equipment

The rooms given to the MTDDC in 172 Kramat Raya Street in Jakarta as headquarters are not
sufficient for increase 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
25000 USD. It is impossible to provide this from its own financial resources. Another issue of
this situation wouid be to move te another space but it depends on the DOI’s decssion.

The co-operation between the MTDDC and SUCOFINDQ has brought a second place of the
MTDDC activity in ASPAC building at Rasuna Said Street in Jakarta .But these rooms can not
be used by all the staff of the MTDDC.

Duning the period of 1992 - 1993 the MTDDC was supported by UNDP/UNIDO and DOI Rl
in obtaining the necessary equipment and accessonies. At the beginning of the above-mentioned

period they received two DAIHATSU cars for 4 and 6 passengers. Both cars are used by the
MTDDC staff.

The MTDDC headquarters are also cquipped with telephone, facsimile apparatus and
air-conditioning.
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Through UNDPUNIDO project the MTDDC received two PC computers as follows:
PC AT-386. coprocessor. DOSS. oper. syst. WINDOWS. RAM 4 - 8 Mb. Hard disc 120 Mb.
laser prnt.

The gradual obtaining of SW products for supporting the MTDDC services will be one of the
mam obligations of the MTDDC in the near future. The subcontractor’s team handed over for
the MTDDC utilization SW product The Data Base of Metal Cutting Technology to execute
process charts (detailed explanation n 7th PROGRESS REPORT. chapter 1.3.1).

6.7 MTDDC Needs for Development

It could not be declared that all the needs for the running of the MTDDC are covered. In fact
"The Machmne Tool Design and Development Centre m Indonesia” needs great support for the
mitial period of the independent activity.

First of all they need certain funds to cover a part of unning costs. The absence of this fund
throws the MTDDC into the situation of fighting for survival at any price. On one side there
are normal conditions of free market economy but on the other side the ambition of such an
mstitution is higher than only to generate the financial resources for survival. The MTDDC ‘s
aim is to assist in the development of technology of the engineering industry of the Indonesian
Republic regardless of the willmgness of clients to pay money for these services.

Therefore the MTDDC's needs occupy its necessity to keep and to extend contacts with
domestic and international mstitutions. These contacts will bring new mformation and new
knowledge of technological development. new ideas and mtentions. This tendency will be
supported by all enterprises taking part in UNDP/UNIDO project which are ready to arrange
co-operation between them and MTDDC after the dead line of the project. The
above-mentioned co-operation could be transformed into paid subcontractors services.
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7. EXPERIENCE
7.1  The Forecast of the Project Objectives

The forecast of evolution to a high degree of accuracy is one of the most difficult functions of
consultants and authors of strategic decisions. Such a difficult task is in front of every project
decision maker. No economists could have assumed such a world wide stage of decrease five
vears ago. first of all in the sphere of machmery production and mvestment ability. This trend
has afflicted the machme tool production even in highly industrialized countries in the world. A
nsk of maccurate forecasting can be partially eliminated by variable forecast with the same
value of relevance for every vanant. Even contradictory varants have to be taken into
account. The project can be defined according to the most probable variant of evolution. on
condition that the prnimary forecast is periodically analyzed and proportionally adapted
referning to changing corditions. Only in this way 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 support of the activity of a new consulting and research
centre has a long term character. Today ‘s world of fast economic changes influences mitial
previously unchangeable project aims. The transformation of the project objectives earlier was
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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ANNEXES

DOCUMENTS OF THE MTDDC CO-OPERATION AND COLLABORATION

ANNEX1 Memorandum of Understanding between the MTDDC Indonesia and Novo
Quality Services Smgapore

ANNEX2  Memorandum of Understanding between the MTDDC Indonesia and the

Department of Mechanical Engineering - Engineenng Faculty - the Unnersity
of Indonesia

ANNEX 3  Memorandum of Understanding between the MTDDC Indonesia and
Banske projekty Ostrava. the Czech Republic

ANNEX 4 Minutes of the Meeting Held by and between the MTDDC Indonesia and
Inspekta Ltd Prague. the Czech Republic

ANNEX S  Memorandum of Understanding between Inspekta Ltd Prague and
the MTDDC Indonesia
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[

ANNEX 1

MEMORANDUM OF UNDERSTANDING

between
Machine Tool Design Development Center-Indonesia (MTDDC-Indonesia)
and
Novo Quality Services (NQS), Singapore

for collaboration in providing ISO 9000 consultancy/training to
companies in Indonesia, associated with MTDDC - Indonesia

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

That MTDDC-Indonesia 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-Indonesia regarding services
provided 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-Indonesia.

That NQS will use the rrovisionzl assessor(s) provided by MTDDC-Indonesia in
carrying out the services in the companies associated with MTDDC-Indonesia when

necessary.

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

That MTDDC-Indouesia will provide NQS with an office space in MTDDC-Indonesia’s

office to support NQS activities on ISO 9000 in the MTDDC-Indonesia’s associaied
companies.

172
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9. That this Memorandum of Understanding 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.

10.  That 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.

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

LoDt

Teo Nam Kuan

Managing Director

Novo Quality Services Pte Ltd (NQS)
Singapore

22

\/»—MVV—-—‘

Ir.In .Ph
Director

Machine Tool Design and
Development Centre - Indonesia
(MTDDC-Indonesia)

Jakarta, Indonesia
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ANNEX 2

MEMORANDUM OF UNDERSTANDING

between
The MACHINE TOOL DESIGN and DEVELOPMENT CENTER -
INDONESIA
(MTDDC-Indonesla)
and
The DEPARTMENT OF MECHANICAL ENGINEERING,
ENGINEERING FACULTY - UNIVERSITY OF INDONESIA
(Dept.of ME-EFUI)

for COLLABORATION IN THE DEVELOPMENT OF MACHINE TOOL
TECHNOLOGY IN THE INDONESIAN MANUFACTURING INDUSTRIES

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

1. MTDDC:-Indonesiz will provide the Dept. of ME-EFUI with intemationally
recognized experts conceming the projects of the development of machine tool
technologies to be carried out with MTDDC-Indonesia.

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

3. MTDDC-Indonesia will provide the enginecrs of the 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
intemationally.

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

5. MTDDC-Indonesia will give a full time assigninent to the assigned enginecrs of the

Dept.of ME-EFUI to develop and expand the machine tool technologies in the
Manufacturing Technology Laboratory - EFUL

y/ 4/,4;

Page 1 of 2
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6. Dept. of ME-EFUI will provide MTDDC-Indonesia with a working space in the
Manufacturing Technology Laboratory - EFUL

7. MTDDC-Indonesia will provide a working space and facilities for the engineers in
the oflice of MTDDC-Indonesia.

This Memorandum of understanding is effective on the date of signing and will be
valid for three years. Any changes will be accomunodated by the agreement of the two
parties, with at least 30 days notice in advance.

Signed in Jakarta o:L.SJQtlary 1993

s

\
Dr.Ir.M.1drus )ﬂllamld g Ir.Indra Putra MSc.PhD.
Head of Department National Project Director
Dept. of Mechanical Engineering Machine Tool Design and
Engineering Faculty Development Center - Indonesia
University of Indonesia (MTDDC-Indonesia)
Page2of 2
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ANNEX 3

Memorandum of Understanding
between

The Machine Tgeol Design and Development Centre
Inderesia
(MTDOC - Indonesia)

and

The Banske Projekty Ostrava- Czech Republic

(8PO)

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

ihe parties hereby agree to coliaborate in the procuction
of Feasibility Studies for Indonesian Industries or companies
associated with MTIDDOC-Indonesia on the basis of the following

understanding:

I. That MTDOC-Indonesia will provide BPO with its associatec
compeniec that need help in production of FS

2. That BP3J wiil orovide appraising and any related activities
for the production of FS to the companies sn behalf of
MI0CC-Indonesia.

3. That B8P0 will crarge an agreeable fee to MTDOC-Indonecia

regarding services provided by BPO to the Companies.

That BPO will use member of staff of MTDOC-Indonesia in
carrving ont the services in the cecmpanies asscciated
with MIDDC-Indonesia.

&

5. That BPO will give assistance to the staff of MTDDC
Indoncsia in crder to bring up their level of qualification
in appraising and the production of feasibility study.
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That MTTI N -Tndenesia will provide 8P0 with an office

igace 1n MI30U-Tndonesia scffice ta support BPO acti-
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vities in the HTDDC—Indonesia'Sassociated companies.

Y. That this Memorandum of Uncerstanding should be followed

Oy a joint operation contract at the time
MT93C-Indorecia provides B8P0 with projects gn appraisal
3rc production of FS for the associated ccmpanies of

c
“1300C-Indonesia.
4. That this Memorsncum of Inderstanding is valid for one
vear from the date of signing and may be renewed by
mutual corsert. It may be terminated by either party

within 2?0 davs written nctice.

signed in Ostrava on 20 January 1992

T —

Jifi Frantik MSc. Ir.Indra Putra MSc.PHD
laraging Jirector Director

idnske prolenty Gstraya Machine Tool Design and
“raoch Paegunlic Oevelopment Certre-Indonesia

MTDDC-Indonesia)
Jakarta, Indonesia
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Minutes of Meeting ANNEX 4

Held by and between

MTDDC - Indonesia,
Represented by Mr. Indra Putra, Director,

and

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

in Inspekta’s Prague office on January 19 and 25, 1993

Present:

- For MTDDC - Indonesia (MTDDC):
Mr. Indra Putra
Mr. Zdenék Sebela (Baniské projekty Ostrava)

- For Inspekta, a.s. (IP):
Mr. Jan Stmad
Mr. Karel Zitko
Mr Jiii Zemli¢ka

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
(1SO 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 undertake
this task for a period of two weeks under stipulated conditions.

[P 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 party 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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MEMORANDUM OF UNDERSTANDING.
between

INSPEKTA PRAGUE a.s.

and

MTDDC-INDONESIA

Jakarta, 9 April 1993

The parties hereby agree to coliaborate 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 Repubilic 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 (1SO-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
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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

qﬂﬁ.; L L‘"""‘"" |/

Petr ZEMLICKA MSc. Irindra P. Alimanar MSc.PhD.
on behalf of Director
Jan ST_R_NAD M§q_ ) Machine Tcol Design 8 Development
General Director Centre - Indonesia
INSPEKTA PRAGUE a.s MTDDC-Indonesia
Prague, Czech Republic. Jakarta, Indonesia

2/2
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Automatized system for multiprofessional

operations composition

on IBM AT type personal computers

MANUAL

( User’s guide )

VER 5.0 (C)
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- Czech Republic
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The complete documentation of product is included in this
SW system as an example of process charts implementation.
The documentation consists of following items:

assenmbly drawing

sketch of details

pParts list of product

Print of process charts

list of material

pPrint of product calculation
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1. INTRODUCTION.

The automatized software system for the composition 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
programming.

This system is meant 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 technological
documentation

- the automatized work of the system with parts list of

products and with orders
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The syster contains dialogue programmers for the service
("off line work"):

- of material database

= of machine database

- of parts list

=~ of customers’orders

During the activity of the system 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: need not
Floppy Drive: either 1.2 MB
or 1.44MB
Display Type: monochrome, colour
( hercules, VGA, EGA etc.)
Base Memory size: 640 KB min without resident portions
Hard disk 10 MB min. free
Parallel port: 1, LPT1

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 v " No. 1 " and " No. 2 v
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on their labels. The floppy No. 1 contains installation

pProgram 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

\
setup 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:
~ enter message:

or B:)

A:\INSTALL Oor B:I\INSTALL

answer on dialogue-question by computer step by step:

PASSWORD (s Characters) ? where

Last but one character is LOG DISK DRIVE

last character is | LoG FLOPPY DRIVE

I
| l

AXXXNN I

password ( correct name is on label
of install floppy No. 1 )

NAZME of factory for sign on the papers (18 characters) ?
eénter name of factory which will be pPrinted

©n page heading of technological documrentation

NUMBER of the basic machine shop (4 digit) ?

enter nurmber of current machine shop or keep it free

PASSWORD for parts list, orders, databases(6 Ccharacters) ?
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 ).
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Will you be using the numeric code

for classification of the details in archives ?
enter 1 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 immediately.

PROCESS CHART DIALOG “

MENU CORRECTION

NEW

CHART PRINTING

ARCHIVES

REMARKS ABOUT THE CHANGES
BULK PRINT

DATA BANK

PARTS LIST

ORDERS

EXIT

move bar: ti select: Enter exit: Esc F7 = Help
VER 5.0 (C) VUOSO Czech Republic, Prague 1993
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> The manipulation of the system is very simple and .comfort-
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 bLar on necessary
activity and press key ‘Enter’
2. for entry data:
Enter require data thrcugh keyboard 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 toc be stored into archives.

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

not stored into the memory for archives ).
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> When storing the chart to the archives the data from
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 CHART

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.
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MTDDC~INDONESIA PROCESS CHART Pages: 1 Page: 1
Parts list no.:125 Position: . 1
Drawing no.: 5222 Version: 1
Drawing name: BAR Basic shop: 321

1. Identif.material Quality SU Dimension SUprice SUweight

1321113730900 11373.0 KG 425510 3 5.55
Name SU number Price-total-Weight
STEEL BAR 30MM ? 0.35 1,94

Op.No. Shop W.place W.place name CL  BATHmin MACHmin

1l 5962 Saw 12 1 0. 0
Describe of operation: Tools:
cut for length 40
Op.No. Shop W.place W.place name CL BATHmin MACHmin

2 4126 S 35-18R
Describe of operation: Tools:
turning ¢55 on the length 40
drilling ¢12 to the depth 16.5 drill ¢12
cut off on the length of 36
Op.No. Shop W.place W.place name CL BATHmin MACHmin

3 5514 BSs
Describe of operation: Tools:
grinding 35j6 on the length of 36 abrasiv wheel

160

Op.No. Shop W.place W.place name CL BATHmin MACHmin

4 9311 MECH.W.
Describe of operation: Tools:

flat file

smooth the edges

- ——n " d—— — —— —— — - —— ——————— - — ——

Date: 23. 8.93 Prepared by: JOHN

——— —— ————————— ——— - — - ———

Approwed by: BENER
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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.

F
PROCESS CHART DIALOG
F
. ]
CORRECTION BASIC DATA
] PROCESSING SEQUENCE
TEXT
TEXT & TIME FIXING
EXIT
move bar: ti select: Enter exit: Esc F7 = Help

VER 5.0 (C) VUOSO Czech Republic, Prague 1993

> The parts list number will be looked for in the total list
of the parts 1list. If the required parts 1list would not be
in the memory a message will be displayed.
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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 ‘F1’ the parts list number and draLing
number will not be checked-up. You can write in this case
the arbitrary ones.

> If the parts 1list number 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 1list, you must write the character ‘!’ on the
drawing’s name line on the first position.

> Date 1line: For a new process chart a computer 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 ’‘Fl1’ 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 1is empty, the system will ask for total price or
total weight of the current material. Write other data in.
the correct form or you let unfilled them.
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7.2 PROCESSING SEQUENCE correction.

PROCESS CHART DIALOG
FOR DRAWING No:
PROCESS.SEQUENCE - correction 5222 .
Op.No. W.place Shop. Name Remark
1 5962 Saw 12 frame saw
2 4126 S 35-18R centre lathe
3 5514 BSs int.cyl.grind.machine 4.120
4 9311 MECH.W. smoothing
F4=machine base F5=text a.time fixing correct. Fo=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 = 1is 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

Y V Vv Vv

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 workplace No. starting from second

- 10 -
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position ( for example: 41 = centre lathe) before the key
‘F4’1s used. If you don’t know workplace No.,write character
2’ in the first position of that column. Then you inter-
actively 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+2’
you delete current line. Shift the highlight bar to other
line and press key ‘Ctrl + U’. The deleted 1line 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 ‘F8’.

7.3 _Correction of the TEXTs for operations

> 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: ~ = ¢ V=g rn=

> 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 + 2’ and ‘Ctrl + U’. By pressing the key ’‘Ctrl + Z’you
delete current 1line. Shift the highlight bar to other line
and press key ‘Ctrl + U’. The deleted 1line 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 may print the current state of the process chart by

pressing the key ’‘F8’.

PROCESS CHART DIALOG
TEXT - correction
OP.No Work.No. Shop Name FOR DRAWING No:
2 4126 S 35-18R 5222
TEXT TOOLS
turning ¢55 on the length 40
drilling ¢12 to the depth 16.5 drill ¢12

cut off on the length of 36

special characters: ~ =/ ~=° v =¢ F8=print on screen
Tab=text - tools, € e=text search, F9=delete - F10=input text to vocabular

Ctrl+Z=delete line, Ctrl+U=new line, Insert=switch, Delete=delete characte
Move cursor: ti<> Select: Enter,(Ctrl+PageUp = 1) 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 gpressing the key ’‘Fl10’.

> For selection of the text from the vocabulary you can use

three different ways, see bellow:

- 12 -
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TURNING (example of the text)

- TURNING €
The character ‘@’ written over "space”
- you will find all lines of the vocabulary
- TUREING
The character ‘€’ written over "character”
- you will find the lines of the vocabulary,
which contains the marked character
( for example ‘N’ )

- @URNENG
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 1line you
press ‘Enter’ and this 1line 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 the 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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7.4 Correction of the TIME FIXING for operations_

PROCESS CHART DIALOG
TEXT a.TIME fixing-correction
OP.No Work.No. Shop Name FOR DRAWING No:
2 4126 S 35-18R 5222
TEXT TOOLS
turning ¢55 on the length 4C
drilling ¢12 to the depth 16.5 drill ¢12

cut off on the length of 36

RATE MACHIN min BATCH min Hours Price(Rp.)
1 25 45 1.16 1100
F2 = text ti RATE ~r=f =" v =@ F8=print on screen

Tab=text « tools, @ e@=text search, F9=delete - F10=input text to vocabular:
Ctrl+Z=delete line, Ctrl+U=new line, Insert=switch, Delete=delete characte:
Move cursor: ti<> Select: Enter,(Ctrl+PageUp = t) Esc = cancel F7 = helj

> 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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* max. number of steps: = 9
* wrong sign of rate is not allowed
- MACHIN nin = time of machining (minutes)
- BATCH min = batch time (preparatory) (minutes)

> Data, you see bellow are calculated:

- Hours total time per operation
[ (MACHIN + BATCH) s/ 60 ] (hour)
it is price per operation (Rp.)

[ Hours * value(Rp./hour) ]

- Price(Rp.)

> The contain of file TARIF you see bellow:

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

1 <- l.rate (sign of rate)

2 <- 2.

3 <~ 3.

4 <= 4.

5 <- 5.
1000 l.rate table of rate fixing
2500 2.rate Rp. /hour

5500 3.rate
11000 4.rate
16000 5.rate

data comment

The changes of those data values are possible
always carefully by computer editor

- 15 -
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8. NEW module.

This module contains all functions as module CORRECTION. The
line of screans, where you enter data, are free 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.

I PROCESS CHART DIALOG

ARCHIVES WRITING CHART
READING CHART
CANCEL OF CHART
PRINT ARCHIVES-LIST
EXIT

DRAW.No: 5222 VER: 1

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

- 16 -
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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 1list 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" 1is a full process chart
mE" is a standard process chart, representing different
types of charts inside the group technology.

nan basic data are complete only
nan the sequence of the operations are complete only
myn the texts of the operations are complete only

> The creation of the numeric code:

You can 1look for the process charts in the archives
according te 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 ‘?’ on the

first position. The system defines it interactively before

-~ 17 -

FINAL REPORT, VOLUME Ii, Page 22




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 ndme (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 surface

* 3. = shape and precision of the inside surface

* 4. = The threads in rotary axis

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

The graphic representation of these numeric codes is on next

pages.

- 18 -

H

FINAL REPORT, VOLUME II, Page 23




design code table

Tr 7
] ' ]
1 273 4 S 1 &
3 X i
— i
FUNCTION
DIMENSIONS
BASIC DISTRIBUTION CF DETAIL
[_ITZ:Ji‘ ls:d DESIGN CCDE
—— rotarviiin-rot.
Sms |l portion of work [o) £
I -
3| Complete monfactured 1 &
Sl _parts Irist 3 8
. I
e :
—_— — —t e -
. RorARY /tem§ UNROTARY ileng .
. - max~ - max e X . =ex
Caax 3 max 2] oLE RICHT | WIDTH LENGTH
2 char, 3. chor. i.char, I 2. wnir | 3. char | 2. char |
KR o w0 — o ° fo 0 to i | :
b iz-is } Tlieisiey | to M0 6-20 11-50 IETES EEI I
S EIERE ~lover 32 11-23 21 -8 §1-120 12i-am
S[3y si-s¢ = |t0. CU 26-3) SL-125 | iSi-am -] &gi-asu |
Qs | si-ise | y|eotesce si-3c [lisi-zoc | z2-3in | €dies™
.g-i jisi-23¢C | aiwg)’ [} 3i-120 Li-222 Jiesn d:l-l.‘:?f—.
\S 3 1a3.-320 40 tow | coi-ish §i3i-icy Davi-asg gioei-a I
x |7 [Ci-e30 | m21-600 35i-40m  |ini-£3C | 5::-3CG  [i23i-200
a8 |z1-i0C0 -’g.ao;-xsoo int-§10 |53:-80% |3CI1-1700 |2001- 3207
£l jowerioco| ©|over t3co T 530 lover3nn |over 1900 |cvek 10

FUNCTION ( 5+6 char. )
retary item unrotary item

1 PIN 1 CUBE, PRISM
2 SHAFT 2 RAIL, SLIDEWAY
3 SPEC.SHAFT 3 BOX
4 GEAR BAR 4 BLANK CUTT, SHEET
5 COVER 5 FLAME CUTT,
6 FLANGE 6 CASTING
7 GEAR WHEEL 7 WELDMENT
- 19 -
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rotary details
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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
change: for information only
1 = cancel of whole remark Ctrl+Z = delete line move cursor: ti<>
nter = end of remark ESC = exit F7 = help

ER 5.0 (C) VUOSO Czech Republic, Prague 1993

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 generated for a new remark., Current date is defaulted for
correctioh bf the remark. You can change it in both cases.
Réview 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.

- 22 -
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12. PARTS LIST module.

PROCESS CHART DIALOG
N
PARTS LIST SERVICE ENTRY

L e DELETE
REVIEW
HANDLING
EXIT

move bar: ti select: Enter exit: Esc F7 = Help

VER 5.0 (C) VUOSO Czech Republic, Prague 1993
The parts list is the list of all details and materials for
production of product. This software system makes pcssible
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 " 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 stored in system on the same level.
> The bigger rparts 1list are compiled step by step from
aiready finished parts lists as “” subparts list ".

- 23 -
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> Any parts list can be stored to the next parts lists.
> Figure of compiling of parts list:

A3 A2 A1 A B2 BL B C DI D E
I D T O e

¥

A--A1--A2--A3
A2---C B--BJ-~-D

D--D1 B2

> This module serves for handling of parts list from memory
to floppy and on the contrary as well.

Parts list number entry:

> For viewing the total list of the parts list on screen
press ’?’ After this you can choose the parts list number
interactively using ARROW keys. :

> The parts list number is being loocked for in the total
list cf the parts list. If the required parts list isn’t in
the memory, enter a new parts 1list. 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 ''Page Down'

- 24 -
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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 memory a
message is displayed and you must enter it manually.

> The numbers of pieces of the subparts list are multiplied
by number of pieces of current parts list.

> Remember following:

Enter the line of number of pieces using integer;
- Don’t keep free drawing No. line
- When you enter the material contained in the parts list,

you must write the character " ! "™ 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 viewing the 1list 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.

- 25 =
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PROCESS CHART DIALOG

ORDERS
enter: '
Order No. : Al123
Order NAME : -=—-——=---(-1= exit)- BOLO
Parts list No. : ————————- ( ?= help)- Bl
Parts list NAME: ENGINE
Number of pieces in order: ---------- 5
elete line: Ctrl+2 Delete parts list: F1
nd: Enter cancel: Esc F7 = help

ER 5.0 (C) VUOSO Czech Republic, Prague 1993

Data entry of the order:

> The order contains arbitrary number 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 1looking 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 -
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14. DATA BANK module.

PROCESS CHART DIALOG .

-

move bar:
VER 5.0

DATABASES MATERIAL

MACHINE & EQUIPMENT

EXIT
scanning or corection
of MATERIAL and MACHINE databases
14 select: Enter exit: Esc F7 = Help

(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 -"-
- 27 -
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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 ¥,

- 28 -~
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——

MTDDC-INDONESIA PROCESS CHART Pages: 3 Page: 1
Order No.: 1 Order name: BORNEO Ordngpc: 5
Parts list No.:A P.list name:HOLDER Position: 0
Drawing no.: A No.of pieces: 1 _ Version: 1
Drawing name: HOLDER Basic shop:
1. Identif.material Quality SU Dimension SUprice Suweight
Nane SU number Price-total-Weight
? 0.00
Op.Fo. Shop W.place W.place name Rate BATHmin MACHminute
1 9211 WELDING
Describe of operation: Tools:
weld pin to plate twice
Op.No. Shop W.place W.place nanme Rate BATHmin MACHminute
2 9311 MECH.W.
Describe of operation: Tools:
file smoothly
colour twice red paint
te: 16.09.93 Prepared by: Approved by:
—_ 5 0 —
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MTDDC-INDONESIA PROCESS CHART Pages: 3 Page: 2

Order No.: 1 Order name: BORNEO Order-pc: S5
Parts list No.:A P.list name:HOLDER Position: 1
Drawing no.: Al No.of pieces: 1 _ Version: 1
Drawing name: ANGLE PLATE Basic shop:
1. Identif.material Quality SU Dimension SUprice SUweight
1371613006300 11300.2 n2 425301 95000 ?.85
Name SU number Price-total-Weight
SHEET black 1000x2000x1 0.2 19000 0.57
Op.No. Shop W.place W.place name Rate BATHmin MACHminute
1l 8113 Hal
Describe of operation: Tools:
shear by drawing chart 15x72
Op.No. Shop W.place W.place name Rate BATHmin MACHminute
2 4613 DROS5a
Describe of operation: Tools:
drill ¢4 twice dist. 16
Op.No. Shop W.place W.place name Rate BATHmin MACHminute
3 9311 MECH.W.
Describe of operation: Tools:

smooth the edges
bend size 30 to 90°

- — - = G G G . —— - ————— — ——— — —— - > — " —— — —— . S —— . ——— — " ———— - ——— . -
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HTDDC-INDONESIA PROCESS CHART Pages: 3 Page: 23
Order No.: Order name: BORNEO Order-pc: 5
Parts list No.:a P.list name:HOLDER Position: 2
Drawing no.: a3 No.of pieces: 2 Version: 1
Drawing name: PIN Basic shop: .
1. Identif . material Quality SU Dimension SUprice SUweight
1551115230800 11523.0 M 426510 4000 0.395
Name SU number Price—total-Weight
ST.CIRC.DRAWN BAR 8H11 0.05 200 0.01

W.place
4126
Describe of operation:
turning ¢6 on the length 33

step ¢4 length ¢
cut off on length 28

Op.No. Shop
1

—-—--—----—--—-—— - —— e o

W.place name
S 35-18R

Rate BATHmin MACHminute

Tools:

—-—_-—--—--———----.—-----‘-.—--.—-_-—_—-—_--_
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MTDDC-INDONESIA LIST OF MATERIAL Pages: 1 Page: 1

Order No.: 1 ‘ Order name: BORNEO No.of pc: 5
Parts list No.:A Parts list name: HOLDER
Mater.ident. Material name Drawing No. Dimension SU Weight _Efiff
-------------------------- _A .60% S00=*
1371613006300 SHEET black 100 Al 425301 m2 2.85 \ 9§8gg
1551115230800 ST.CIRC.DRAWN B A2 426510 M .20 ‘.000
A321445 ELECTRODE A4 D=3.5 PC 8.00 2500
C12380 PAINT (red) A3 KG 3.15 1
TOTAL for 1 piece of product: 2.56 12100

= weight or price is approximate values only
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: =
MTDDC~INDONESIA PRODUCT CALCULATION Pages: 1 Page: 1

Order No.: 1 Order name: BORNEO No.of pc: 5
Parts list No.:A Parts list name: HOLDER
Mater.ident. Material name Drawing No. Dimension SU Weight Price
A .60% 500:
1371613006300 SHEET black 100 Al 425301 m2 2.85 + 95000
1551115230800 ST.CIRC.DRAWN B A2 426510 M .20 2000
} A321445 ELECTRODE A4 D=3.5 PC 8.00 8000
Cl12380 PAINT (red) Al KG 3.15 15500
Calculation for 1 piece of nroduct:
Approximate gross weight: kg 3.
Price of material : Rp. 12100
Rate fixing(hours): .00 Piece rate: Rp.
Approximate total price: Rp. 12100
te: 09.28.93 Prepared by: JOUKA
-5l -
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1. INTRODUCTION.

The software package is saved on two floppy diskettes. They
are named as " Automatized software system "
" TECHNO No. 1 © *
" TECHNOC No. 2 "
on their labels. The customer setup is described in the
user’s guide book ( page 2, paragraph 3. "software package
installation " ).

2. TREEF_STRUCTURE OF FLOPPY DISKETTES.

tree: contains of directories:

No. 1:

A: (root) --> installation program

| WFUNIV =-> 1. part of program modules

No. 2: .

A: (root) —=> source programs, debugging tools
| source routines, text data

|
l

—_WFUN1V --> 2. part of program modules
| program data
|_A --> archives files
| _K ~--> parts list files
| M --> working place
| _W --> security subdirectory of archives files
-1 -
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3. TREE STRUCTURE OF HARD DISK after the installation
of system.

tree: contains of directories:
A: --> source programs
source routines, text data

____ WFUNIV --> program modules
I program data
_A --> archives files __ (it is equal)
|_K --> parts list files
_M --> working place
_W --> security subdirectory of archives files_

4. TREE STRUCTURE AND LIST OF PROGRAMS MODULE.

tree: contains of modules:
TECHNO.EXE --> main module

I _KATMATA.EXE_
EDICOVA.EXE--| | | --> basic data
| | _ARCH1VA.EXE |
I I
I _EDIC2VA.EXE |
EDIC1VA.EXE--| | |--> sequence
|
|
|
|
I

| | _EDIC3VA.EXE correct._| operations

modules |

EDIC2VA.EXE-~--TOBRAZA.EXE |--> text of

| operation

|
| I

EDJIC3VA.EXE-~--TOBRAZA.EXE_| | --> text & time
| fixing
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tree: (continue) contains of modules:

!

T1ST1VA.EXE ==> chart

[ printing

| _KZNAKA .EXE__ |--> design code ¥
ARCHIVA.EXE--|_TZSOUA.EXE |- archiv- |--> technological

| |_TZFREA.EXE__ | es | code

|

ZMENRIZA.EXE --> remarks about

| changes

I

| _KATMATA . EXE_ | --> material base
KATBASVA.EXE- | _PLNMATA.EXE | j==> handling

| | _KATSTRA.EXE |- data | --> machine base

| |_PLNSTRA.EXE_| bank |--> handling

|

[ _TISTMATA.EXE_ |--> list of material
TISKDOA.EXE-|_TISTKALA.EXE |- bulk | ==> calculation

| | _TISTPOSA.EXE_| print |-~> process charts
l

KUSYA.EXE --> parts list

!

|

ZAKAZKA.EXE --> orders

Support programs name: contains of programs
VYTEXA.EXE

VYTEXIA.EXE | special

VYTEXFA.EXE e > printing
VYTEXRA.EXE | on screen

VYTEXTA.EXE |
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Support routines nanme:
DEKLA . FOR DICTE.FOR

DIZAO.FOR CIZAP.FOR

MENCIS.FOR MENEDO.FOR
SUBR1.0BJ SUBR2.0BJ

SUBR4 .0BJ

MENU.CMN

SYSTEM.CMD

CIS.ASM _

CIS.OBJ _|==m—-m——mmmme

5. DATA STRUCTURE.

DICTO.FOR__
FORMAT.FOR |->
MENTIS.FOR_|
SUBR3.0BJ -~-->

-—

-——=>

—————————————— >

"assembler"

common
fragments

of programs

object modules .

common variables
system interface
routine

for screen control

file contains: type: record structure:
name: item: size: range:
CRF special for date S
DATAT working, I
texts of operation
DATAW working, S
process chart
FISES list of S parts list No. 15 1-15
parts list file name 5 19-23
parts list name 15 26-40
XXXHX 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 -
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file contains: type: record structure:

name: item: size: range:

KAZIMO.TXT classification S change sign of machine
carefully by computer editor

in " over mode "

LOGCIS spec.information S
by installation

MACHIN machine base S work.place No. 6 1- 6
machine shop 4 10-13
sign of w.place 15 18-32
remark 35 34-68
addit. notes 10 x 35 char.

MATER1 material base S identification 13 1-13
quality 8 15-22
dimension 9 24-32
physical unit 2 34~-35
price for unit 6 37-42
specific weight 9 44-52
name 5 54~78

TEXTY.TXT vocabularies S text of operation 55

NARADI.TXT "teach in" S tools 17

TARIF table of rate S structure is

fixing described in file

#* text files S texts for function
keys F7
_5-
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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 extensjon *.FOR ( see page 2 + 3 ,
paragraph 4.). The source programs are stored on floppy No. 2

7. CORRECTION, COMPILING and LINKAGE of programs modules.

If you need any correction of source programs at all, you
must make the fellowing:

- 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
ETV3 is name of batch file
EDICOVA is name of source program
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This competent statements are shown in next table:

ESV4 ARCH1VA ESV3 TIST1VaAa
ESV4 EDICOVA ES TISTMATA
ESV4 EDIC1VA ES TISTKALA *
ETV EDIC2VA ES TISTPOSA
ESV2 EDIC3vAa ESV TOBRAZA
ESV4 KATBASVA ETV3 TZFREA
ETV4 KATMATA ETV3 TZsSOoua
ETV4 KATSTRA ETV22 VYTEXA
ESV4 KUusya ETV22 VYTEXIA
ESV4 KZNAKA ETV22 VYTEXFA
ESV4 PLNMATA ETV22 VYTEXRA
ETV4 PLNSTRA ETV22 VYTEXTA
ETV3 TECHNO ESV4 ZAKAZKA
ESV4 TISKDNA 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 programrs ( source and
executing ) on competent place on floppy diskette.
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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 .f
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 these files is following:

user’s guide book MANUAL1 .GUI
its title page MANUAL1.TIT
programmer ‘s guide book MANUAL2.GUI
its title page MANUAL2.TIT

- 8 ~
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CCST C=LCJLATICH VERSICN = INGIRUCTICN FOR INCTALATICN

{n the recuect of the LT0I.C the prorram modules operating over
technoln:;icel -sts base (proces< chirt and cutting conditions)
were ecuipred with the possibility of estirate ~f the overall
xro:luction costs,

The input data 0° this costs calculation are keyed in with the
r.elp of one specizl menu-screen during the operator-computer
dinlogue. For ucugze 0° the system with this possibility,the
new installation diskets must be prepored.Thece diskets will
be prep=re’ “ror the old ores ani the help diskets "cost cal-
calation".

~ren prensrins the instslation diskets “ollow this procedure:

l..uke u copy “rom both in~t:lation dickets with name "TRCHNG”
L0.) Lnd 2,

Zezve the ol inctzllution 'ickets “or instal:tion of the
sycter. without c¢n-t e¢nlculztion,

Seror the ‘ichet "UU T U.ilUL.71ul" copy subdirectory YTUNIV,
tee Tile J.liHIl.. 2 to tie new cicket ILCHNC lioel,

~erOr tue cichet MUY O LiUGLLTICN" copy ~ubdirectory WFUNIV,
tie Tilee 0D, Vigr ke cDae L Hal ChWLKE, WCHIL. to the new
Fintat L N0 e

2e.TOT the diciet MUl T LI LANICHNY copy “rom the root directoe
ry o tae Tiles U UMalrUT,n LT Mal PUR,E GLGCALFCR,to the new 4isket
SoCBLGC Loec,tocether with Tile UCHINC VG,

Gei It the nevw 1-%et . ML 0. copy the file T.iIF from ~ube
“irecter NIV inte the root livectory.

Son o sou hive jrecared the new instalstion <i~kets,In the inatalation
of sour res rv~tem “ollew the inot .lation procedure discribed in
qesre tongizle

-
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Thetilo. SR Lomiare Vi.plac= name
N e SAMEL T
Totel F
i . L

Sliwaignt Udnumber

= oo Ty e
RPN ) G, o

1GO

{(Rp.iz

M. oy
1505 G &

FRICT of operatien (Rp.i: 10
Fobiows BATHmIn  MACHminute

100 Q.0 26

“RICE of cperation (Rp.): 44

Monoigs BATHEmin  MACHminute

BEA LS S 340

Morawr SATHmis  MACHainute
10 [ S
S2ITZ of ocpscation (Fp. s 3
= ILE of cperstinng (Rp.): 115
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Automatized system of the Calculation

of Cutting conditions

on IBM AT type personal computers

VER 1.0 (C)
VUOSO Ltd.
Czech Republic
Prague 1993
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SOFTNORMA

The automatized system of the calculation of cutting
conditions.

.
- This system is controlled by dialogue, by means of the
choice of orders frou the display. The user is not obliged
to know the computer system or the knowledge of
programming.

- 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
maximum economy or maximum productivity or defined
durability of the tool.

- 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 productivity of the technclogical
preparation of production.
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HOW TO OPERATE THIS SYSTEM ?

This software system is stored on floppy diskette. They is
named as " SOFTNORMA " on their label. The floppy diskette

contains installation program for customer setup by name:
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:|INSTALL or B:|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 vou make following ztatements:

CD\ASOFT
CD SOFTAl
SOFTNORM
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Remember following:

- The line ™ Number of pieces in ration " you fill according

to the numder of pieces in production batch.

- The line

code

11 - 13
14

15 - 17
19

42

- This user’s guide is stored on floppy diskette

"Set class of material (CSN)"
according to the basic ration of material following:

kind of material

structural steel, carbon steel
blister steel

alloy, stainless, high quality
tool steel

cast steel

file. The name of this file is following:

user’s guide
its title

MANUAL3.GUI

page MANUAL3.TIT

you fill oode

hardness kg/mm2

49
78
54
45
50

- 123
- 88
- 143
- 103
- 165

as " ascii "
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THE UNIVERSITY OF INDONESIA - MTTDC JAKARTA

SHORT COURSE PROCEEDING:

PRODUCTION PLANNING

MANUFACTURING AUTOMATION AND ROBOTICS
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UNIVBRSITY JAKARTK

MTDDC IN INDOMESIA

SHORT COURSE

FROCEEDING

FRGCGDUCTICON PLANNTING

by

Z3en&r 5EDBELA,PhD and Pave) TOMEK,PhD

October 1993
JAKARTR
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I - IFTRODUCTIGN IC
aRL rRCTUCTION PLANNING

CPERATIONS MANAGEMENT

Tefinition : CPERATICNS MAEAGEMENT IS THE MANAGEMESNT CT TRANS-
PORMATION SYSTEM WHICH CCNVERTS INFIJTS IRTC GCODS AND SERVICES.

Cperations has responsibility for five major decisieas area :

PROCESS
CAPACITY
INVZFTORY
WCEK FGRC=
QUALITY

PROCESS ! - Type 02 equipment and technology

Frocess fows

Layout of facilities

(]
2
"
o=
O
—
-3
13-
)

Providing : - Right arount of capascity

- 3t the right place and

- at the right time

( to sclve 2ize of the facility and proper nuuber of people
in orerstione )

\
INVENTORY | - wWhat to order

- How zuich to order
- ¥hen to order
Inventory control system are used to msnage :

iATERIAL PCR PURCHASING
RAW MATERIALS
FINISHZD GOOLZ INVENTCRIES
YCW MUCH TO SPEND
WiERE TC [OCATE MATERIALS
FILOW CF WATERIALS WITHIN THE FIRM
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THE FACTORY AS A TRANSFORMATION SYSTEM

]
: .

)

wPoMENm i
MATER)
LlT‘lE.skL JTD IMPROVE
TOONS / WPUTS!
A ENERGAY
~ / HATERIALS TRANSFORMATION oUrPUTs:[—— _— —]
HIGHLY ska/en SYSTEM
Low SED ey Goodd | psemess |
g SERVIEES
UN-skiljep ChPITA By THE PROCESS |
INFORMATIO TECHNOLO 64 —_—— ——

O UTSIDE FEEDRACK INFORMATION
INFORMATION OF PROCESS NPUTS
ENVIRONMENT
SYSTEKS THINKING
BOUNDERY RETWEEN
- IYSTEM AND EnvIRON—
/ MENT
/ N
/ \
MENYS AND
INPOYS INTEL CONECTIONG
TRANSTORMATION OUTPUTS

-
ENVIRONPIENT

RoUNDARIES

ADOPTED By [3]
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[WORK FORCE—] - Seleztion

- Hiring

- Piring

- Treaining

- Supervision
- Compensation

{ Nothing is done without people - key tasks for opera-
tions today.)

[_QUALITY ‘] ~ The quality is built into the product through
ell stages of operations
Standaréds must be set
Equipment .must be designed
Fecple must be trained
Goede wnG services must be inspected

{

VECISION PRAME WORK

Decision frawe work is s frame-work which categorizes and defi-
nes decisions in operstione.

EARXETING AND CPERATICKS

]

in geods~producing orzanizations MARKET1KS and OFERATIONS are
organized As serarate functiones \ gooce are produced and sald
saperately),

The history of operatione Tanagerent includes 7 najer contri-
bations :

(A%
(G

TANDARTIZATICN Q% FAR?TS

d  IDDISTRIAL REYVALITION

4 SCIEVTIFIC STUDY (F WORK
5>  HUMAY RELATIONC

5  DECISILN MODELS

7  COKPITERS

Yerveting and finance are at the same time items of a functional
are2 o0” tusiness,
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CPERATICNS STRATECY

Cperations strategy is a vision for the operatien function
integrated with basiness strategzy.

Cperations z2trategv consicts of 4 condonents @

o o

- 3ISSICH
- OBJESTIVES
- TISTICTIVE CONFETENCE

- FOLICY
Flopbver
O
- CAD
HARVET | i
\/ | M RXETING // "
| | | eap |
COMPANY
! MANA - \ desién
| GEMENT |
1 DATA BASE ]L
N4 /1; ot |
N g
/ L
o
CATED ‘
™ ’rzoo,ucn opeeenows| | - |
! i NS :
v/ MRP | Prosete PLAAW/ING- ,3“5"
L pLaNng QU TIrY ITIATION
! U690 IVE
;m:m TOPE 4
F- SHORT TERM 00“””'
Course 2o/ TRt

CIM - COMPUTER  INTEGRATED HANUFACTURING

ADOPTED BY [9],£c]
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II - PRCCESS DESIGN

1 -  PROCZSS JELECTICN

Process selection is often viewed as 3 layout problem.Zn the
preceas desizn must be solved questions as follows :

FIRIT QUESTICN : the process is claszeified by type of pro-

duction as a

- LINE PROCESS
- INTTRMTITTENT PRCCESS
- FPROSECT

T AAITTY AT TIRrseRy \
Bt oL iCN

: the process is clsssified by type of cus-

tozer order
- WaKE-TC-STOLK

- XAXE-TC-CRTER

1I%E chW]is ch.aracterizel by a lineer sequence of operstions

‘need to nske the sroduct o opersation service
P

EQUIPMENT ARD LABCF ARE CRGARNIZED INTO LINES CP WORK/STATICHS

vrolcet Tiow tasks 32 work
station FRCDUCT LAYOQUT

prescribed sequence
Exemple : sgsemdbly line
Lire - flow operations : - MASS PRCDUITICN (cars,trucks..)
- CCNTINUGZS PRODUCTICON (paper,deer..)
’?P highly efficient
Ezs extrerrely inflexible

Jen2itiona E%g proluct must be well =tandardized
[4

INTERKITTENT FLOW] ( JCB-SHCP) is charscterized by production

in batches at intermittent itervale

" FINAL REPORT, VOLUME II, Page 63




ECUIPKENT AND LABCR ARE CRGANIZED INTO WORK CETRES ( BY SIMILAR
TYPES ), PRODUCTS FLOW ONLY TC THCSE WORK CENTRES THAT ARE KE -
OUIRED GENERAL - PURPOSE EQUIPMENT

THRUOUGHFUT TIME for batches will incirease

- nuch lower utilization of eguipment
- auch lower utilization of labdor

FROCESS LAYOUT
—7

S,
7

taske or work stations

labor houre
total time(machine hLours) spend working . 1CO%

TE =
total time in operations (including.tile of wai-
THECUSHFT FFFICIENCY ting

L
3

T ~=- lo-20% rarely 40 %

L JC? SHCF isJ m2kins prelucts to customer order,

06 20T FCRE OF ITERATICNG| - to produce a unigue proluct(art,
motion picture,a building } - each unit of these
is produced as 3 sinzle :*em.

There is no flow of product - but seanence of operatiens.Project

n&s riigh coat,
DO
(SThR) @ FROJECT LAYCUT

iz Pscters appecr to influence procsss selectiorn fror &rong
the orocesa
<:) warket conditiona

ADOPTED BY [3] FINAL REPORT, VOLUME II, Page 64




capital requiresgents
labor

nanagerent skills
raw materials
technology

©
Q
®
©,
®

¢ =~ FRCCESS - FLCW ANALYSIS

Xrcro level of process jesign - TYPE OF PROCESS SELECTED
- 2YPE CF TECHNOLOGY USED

PROCESS~FLOW ANALYSIS
- FACILITIES LAYOUT

Micro level of process Jesizn

Facilities layout mzkes ifluence for
- SCHEDULING DECISION
- INVENTORY LEVEL
- TYPES OF JOB (DESIGNED!}
- METHODS OF SQUALITY CONIROL({USED)

l PLGWCHART }

Tlouwchart ic toul for enalysing Yy conventiongl way or by methe-
matical modsels.Flowchart gives onalysis cf following »rocess ele-
ments

(E) AW MATERIALS

(E) PRODIJCT TESIGH

(g) JCB DESIGN

{E) FROCESSING STEPS

(5) MANAGEMENT CONTROL INTORMATICH
(6) EQuIPMENT 2ND TOOLS

Earlier - ecientista Sroken the process to elements end atudied
sach of them and seeking how to develop whole preocess
throush eleuents

tiow ~ we are trying to minimize throughpit tiwe frop bezin-
ninz to the eni (selling) by

SEZKING THE WASTZ I PRCCFLS
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10

Yie consider like the waste any operation,which dees not add
eny velue during the producticn process

OGLY ACTUAL PROCESSING TIME OF THE YATERIAL 3Y MACHINE
GR BY LADOR ATDS VALUE

dext documents cascribe the flow cf material in great detsil :

- 23QBLT DRAYINGS

- ASSEMELY CHARTS

- ROUTING SHEEDS { PROCESS CHARTS )
- PFLOW - PRCCESS CHARTS

Process charts (operation process sheets) give sequences of
operations with all 2etail irformation for manufacturing.Data
Lase ¢Z metal cutting tachnologies ss B ayster for process
chsrte elaboratier has been henleld over to MTTDC.Comprehen-
eive explanstion of ahove mentioned DATX BASE is published

in that FROCEELISG,

Symticle used in 5 flow - process charts

Q OPERATION (A TASK OR WORK ACTIVITY)

INSPECTIO N OF THE PRODUCT FOR QUAWTITY AND
AuauTy)

D TRANSPORTATION (AHOVEMENT OF MATERAL FROI ONE
. POINT= TP ANoTHER

N/ STORAGE (An /NVENTORY ok STD OF NATER/ALS
WATTING6-THES NEXT OPERATION;)

L’ DELAY (W THE SEQUENGE OF 0pPERATION )
The Xey - fquestiors for sralyasing

AT - «li#t operations fnre really necessary
W=C - is perforwing operaticn

WHERE - 18 this operation conducted

OOOO

WITH - 12 this oparation parformeld
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TI¥T OPERA- TRANS-
TiaW PORTA-
TIOR

\
/\D‘

FIC% PROCESS CHART

INSTEC-  STCKE
TICN

DELAYS

order {(printed)
te the dispatcher
prepared semi-
preduct
to the operation
1-st opretion
567 to the stere

2-nd operatiom
transportation
inspetction

[ N N J
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3 - INFORMATION FLOW ANALYSIS

1} informstion is the product of operations
(clerical inforaation o*® processing in offices)

2) information is use? for management or control activities
(order entry,purchasing documents etc,)

Often is necessary te realize it tezether - material and flew
analysis.

SYMBOLS : <:) origin of record

significant step (new data is added to the
existing record)

(:) nonproductive activity
@)

move of in®ormation

inspection
Y;7 Jelay

L THE SAME QUESTIGNS :]

what who where when how
: N
| EXAMPLE : |
" Developrent of e new product "
TIME ACTIVITIES REMARKS
(EE%* ———>o Board of Directers
1 Yarketing divieion
' Yarkxet forecasting
:::>{:] Jevelopnment anl rasearch

_;:f:;——*"’%§7 Design department

cperations dJdepartment
Quality Syetem Meoncgement
Inventory management

—o
’,;’;:::::7=’§7 Waiting for final decision

Toarl of Directors

-
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4 - KCTELLING GF PRCCESS PLCWS

w2ny typse of zodels can be uged :
LINEAR PROGRAMMING
SIMCLATION
QUEUING

General approach of modelling of process flowa :
t- st atea DRAW A PLOW - CHART OF THZ PROCESS

( for example lock - diagram flowchart )
THXEE TYPES OF BLOCZXS

FROCESIING 3LOCK  DECISION BLOCK FEEDBATK BLOCK

INPUT OUTRUT  INNT | 1paneFor — 0UTPYr
| MaTION

AN CPERATICK IRGIEST JANBEZ DESIRIDED AS A NETWORZ T THOSE
£3 OF BLOCKS
lf - a7 stap ;] TO ANALYST PIME SECIINCES
4
S - o4 ostep @ TO ANALYSE LUANTITY 5P RESJIREMENTS

t - tn stepq TS ANALYSE FABFARED CAFACITY FCR PRCCESSING

v

EXAMPLE : SIMULATION OF PROCESS FLows IN FMS

INITIAL. CONBITIONS AND ASCUMTIONS
— AL OFERATIONS ARE STARTED BY oPER4TION 4 OF PRI 4

T PART 1 BELONES TO THE BATNH 1 WHICH MEEDS M PIECEC oF PART 7

— FARr 1 18 LoCATED /NTO THE oNE CONTRHNES.

T VoLUMB oF onE ConTAINER. —~ N PIECES oF PART 7

— ME SETUP TIME oF Maoumwe 1 ForR PART7 1S Tsu

T THE IASHINING TIME pF PART 1 ON MacHiNET 1S Tr
T MVIBER OF Mo IvES AvHILARLE TOR Pawu FACTURINE. PIRT 1= Z
™ MUHBER. OF ALL MACHINES 1y WoRESHDP — S

T TOTRL. TIHE TOR. TRANSPORTATIon OF PRET 71— T
= AVERAGE NUNBER. OF OPER4TIONS FORARTT — No

#DOPISD Ry [y]
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LAYCUT OF TACILITIES

TACIIITIES STRATEZY: 1.

How much capacity is nedeed ¢

2.
3.

when is the cspacity nedeed 7

WHZRE shoull Ge the capaciiy lecated?

Axaunt of capscity accorling to aimas

i. 7ry not to run out ({  capseity)
2. 2uild {o average forecast (= capacity)

J. Mkaximize utilizatien ( ¢ capacity)

(Necessary to have place reserve.)

FLCILITY IOCATIOR FRCBLES:

i. Zingle facility lacation (Pactory!

<. lozation of mnlti.ie factories (Warehouses

3. Lezation o2 retuil stores ({(Banka)

4. Locatisn of ezerzency services (Pnlice)
LAYCUT CF PAZIZIDICS:

1. LAYOUT QP TNTERITTENT PROCESSES

. LAYCTD CP LINT PROCESSES

3. LAYCUT C¥ FrlnCT3

Just~-in-

AL I-in=oruces ?

L\o

- te % zinipize

aized

'JO

inventors 12 nin

AYOUT C¥ INTERMITTENT PROCEZS

>
‘“
(e

CAARECTERISTY

ater nnalysirg and wolelling ¢2 procesz flowa
lifferant producty f2ow threush procsss alons
2ifferanl naths

-

it h2a to e create? 8 process lovont (eimiic

3l siziler worker skills are zrouped)

sleces s

st be located acceording to quenii-

trtive sriteria (1) or jqualitstive criterie (B)
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Flow scheme of plant inputs and outputs

SUPPLY
PROGRAMME |—

3 |

Supply

Frodgrtinn

(\|;"0 <'to

FROMICTION
FROCGRARIME

Berncdnirtion

b

v astog

|
! Delivery

‘;l‘ SALES
PROGRAMME

By products

ADOPTED RY [10]

TECHNOLOGY

PRODUCTE

MARKET

Losses of inputs
during reclamation
storage and

\ transport

Losses of tnputs
within production
plant site

PLANT CAFPACITY
Losses of products
within production
plant site

Losses of products

during storage
and transport to
the market

Losses of products
by warranty
services
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VA qu-ntitalive criteris of layout Jecieion (c&n be measured!
- naterislis handling cosets

~ travel time of castomer

- fistances et:>,

- st®ty rules

- noice

- infyra=tion comzunicetion

- envivonment etc.
An ex&mpple of ™ WEITRISTIC DECISICN RULES ™ is the solution of
layovt ¢” spectrometric lshoratery in YSZ XOSITE.

LAYCUT CF 1.INS FROCZSSES

The sejuence of urocecsing ~ctivitiec in tlis line process is
fived %y *he product lesizn (etep by step along the iine flow),

Exaxple : fssemtlv - Line B2lancing

HMN TFegTyRES OF THIS LINE : &HE CTCLE 771‘78)

THE CHCLE TIME I& NAXIMUHN TIHE TRAT AWY WORKEN
ON YHE L/NE CAN SPEND 0N THE PRODUST

1-¢1r TASk OF THE SolWTow : CIVEN A CHCLE TINE , Pinid
THE MAX/MUM NUMBER. OF WORK STRTIONS OR WOR RS
REQU/RED

C =

Aawﬂkth.ﬁnMJ . 6o
RME OF PRODUET (ATiounT OF PIECES PER.DHY)
T= St ... Tora Woke Tive iV # PRCOUEy

IF C s known anwr T w knoww , weeaw 2ER/vE
A NUMBRER- 0F J73y /oML

T
N (O

2-nd g oF THE SocUMon : To MNIN(RE THE CYelE
TIME FOR_ & 6vEBy NUMRER 9F WORL STATIONS

( CLOSE RELATONSHip wirn RoBovics)
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LAYOUT OF FACTCRY
INTERMITTENT PROCESS

—--f___Store of purchased materials end_cpmmu

\ i
' v PN -
Heati v v TING
treatmgert hsselbly 'OPkihfp ﬁl

\-—%
>

Welding ¢

Sawing steel bars

Stere of ateel materials

\k____) Store of containers f:; workpieces ‘
|4 A‘\ o)
rrs 1 s!z 7\15 T
|
S 1 S T Y A S ¢

|
u‘b\J

Contrpl systiems ofJ’MS

\]
FERRUM RRYDLANT \ Avorres 8y [4]
Marks for differeat types of flews :
—+—-—> Products ~ ~ ~ —>Raw materials,semiproducts
—> Parts in process — — —>- Scrap
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LAYOUT OF WORKSHOP

MARERIALS AND PRODUCTS FLOWS
d
4 1A
.—o.-—nco—o.o-O'
spenn
::-* Sawing steel bars boo\
[
;: Store of containers - lift .
= !
s —1
® | 1
ST — ‘.\%
! —
' .
I, 10
NN NN i
[ 4
= $
t—1 °
= ]
——- $
3
s 3} TooLs grap || $
4
®
[ ]
:
[ 4
$
:
»
®
®
t
D280 S
=3 .
[
[ 4
!
Fontr. system s
[ : H
FERRUM FRYDLANT "_,.l CROSS - SECTION A-A i

ON THE FoLOwiNG FIeURE
escec o) Raw materials
m——)». Parts in process flows AOPTED BY [#]

== ¢9¢ <P~ Janufactured par s to assemtly
= ov s P Srap
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LAYOUT OF WCRKCENTRE

CONTAINEP. STORE

CEWwS RACKS EMPTY
RRHI Pz PL TPz E
LIFT ><|_—u]mezcmua
e [P ":ﬁu Lz' ez e [ & 1 n
v 85 || {195 B e
T

/-

TesTING OF Tool.
\\\\fers PREPARATION
Syop
M
A1
0
TR
cA 1
[AL bL}CLJ
W
- © &
| LA
TN
h ... WORK CENTRE
. 2\ r.g.g_c." ]  CoNTHNAR TARLE ADOPTED 8Y [¥)
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SEQUENCE CF CONTAINERS FLOWS - FMS FERRUM
EXAMPLE — BATCH{ =7 2 CONTAINERS OF P4

A B ¢
L ] STARTING POSATION
[T J CONTAINER —~TooL FOR B4 —P4
/) BOX TO MACHMINE

L ml| ) contRineR - SEMiPRODUCT FOR P1

L@a_ﬁj 1] MANUFACTURING P41 TO MP4 INTD BMPTY
J CONTAINER
&4} PA j NEXT CONTAHNER wiTh P4 — MP1 Tb TESTING-
VAR

[ ey ([P1] ] MANUFACTURING. PA TO MPA
J

L MPY ‘J MP1 To TESTING ((ONE EMPTY CONTHINER)

L @]‘ BOX OF USED TOOLS TO CONTAINER AND To SroRe
/L\/ J STARTING POSMION

[l ] ] CONTAINER — TooL FR B2 - P2

REPﬁTIT:'lON OF eYeLE ADOPTED By [4]
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CROSS - SECTION OF WORKSHOP AND STORE

.L;
B . T
hi |
F
[
FfeJeljeleleljeleTe
e [ C e e e je]e
B B3 |B (8[R8 1cle
8 8|8 Bz |2 ,C ¢
rPut A A LA [ATB (B IC (e
<— A |A[A ATB |8 ¢
—> (A A |A A BB [eTlc
INPUT T
V2
B
A T T
7 '
— C c )
i Cc {8 |8 |c<
o c |8 B | B |[B]¢<
e 138 |2 A [|A |8 |B | ¢
T B |8 |A |A A |[A | &2 [
B 2 A A |[A[A XA |8 |2
INUT [B A A |ATA A A ATATZ ] ourpor
—> (A A 1A A [AF [ A2 A ¥ ]|

#20PTED BY [4)
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METHOD OF AVAILABLE LAYOUT DESIGN - PRINCIFALS OF ALGORITHM

(The example of spetrometic laboratory solution)
L/ST OF ACTIVITIES :

A — SPECTROMETIC ANALYS)c (STEEL AND CAST IRON ShHPLES )
A1 = VACUUN SPECTROMETRy
AL — X-Riky
A3 —  PLACHA

AY — CHEMicAL ANALYSIC

& — Clonmror cygrepm (CondYCTING OF RECHNOLO G )
C — INFORMATION COMMUNICATION

D — SAHPEp TRANS PORTATION
b1 - Plpe PoSr

DL ~ B¢ ttanp
E — SaMPLES PEERRATION — HOT SAHPLEY
F - v 1 = COLD SANPLEL — CRUSHING-

_ — LluId
6 STORE oF SAHMPLES
= WASTE, srag (ysep SANPLES)
I = SToRE OF MATERIALS (SAHPLEC PREPARATION )
J — STORE OF CHEtucaL MATERIM. S
kK — AS STore

K1 — #Areon

k1 — OXYGEN

Ky — HETHAN
L — HEATING - MRCONDITIONING- S - SECEETART O0FFIcE
M- VENTIATION T- ﬁzgrzem@/\m/
N = Pege me U— /eeTing Rook —
O — PAPEL - DOCUMENTS STORE (,— GUESR 2eop
P — LloMPuRe SATION V — M@InTENANCE STAFF

— HW STRE W — ELTEANSFORMER
R~ SRAFF RooM

Ry — REST ReoM

E?. — WASHING. LAVATOR,
ADOPTED By (7]
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ELTIMATED YALUE OF CONNECTIONS

! ! ' ] |
A Bzc!hgulff 115 1 IE 111
A G919 919181 35
L ol | . f
C Yooy & T
D‘E 5 !J
IRRG |
E R
¥ L
¢ Lo
r |
- TN

Ve i
4
W

|

H
|l 22

MRLay
CAS y
SoLyT0 WASTE SIIPLES PREPYA-
vTIoN £ F 7w | K e
fl 134 |y
AMFLES | || AL A | cvern- | STORE
TRE i/ Lﬂa J
6 AREA 24108y
STAFF
ACSErALY # A A ;Q4
COLRIDOR.
MR | | CHIEF || My
v guze 3¢, P WG;.MEZ 22
)
- | (P92 ’
NMWEE ODRE SECRETH R’E—WS
V 0 RY ¢ /5

AborTED By [3]
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VH.UE OF CONNECTIONS :

FoLSI2E MGorITHM

1-¢t STEP AS e

2-nd STEP

xq/ 'Md/ xe /x‘). N
2As/C

ovvecriov ASB 2 Nal =
F  Xae = AC FCA

CHAPE OF CONNECT/ONS -

o je ‘40-3

10 rery SRONE, OFTEN, PERCONALLY !
J  srRowg, vERy OFTEN
° |
8  rery oFmy qz 4
f ormn , BUT MPORTRNT
A OrTEN ® |[7I; | ® o (5
5  Tine o Tine ° e,
7 RARELY LAYoUT DESI6W :
3 wor PerComawy 34 SEP
L ONLY OTwerc X¢
1 WY For cHEekmG X\
0 M s “ X
-1 DANCEROY S
-10  SURROUNDING-S
Y-t STEP
CHECKING SEQUENCES O
& M%/c/no;vsaue f

A8 +84  (FRoM TABLE OF
INPUT D&TH )

Xp =5 Xag t Xaet... Aaw
fEQUENCE ACcooDING TO VMLUE OF Ay

AXPTED By £7)
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3 - LAYCUT OF PRCCSECTS

A projact ie a cne - tire activity which produces unique proluct.
CATZICGRIEZES CF IRCSESTS

1. The construstion of buildings,dams =tc.
( mejor fector - material han@ling costs
2. Merafacturing in fixed positions
( large itexs are manufectured - shipe,spece vehicles)
{ special factor - materials are located in concentric
circles )
3. Fultiple projects
( research snd Gevelopzent departaets,advertizing agen-
cies ate.)

EXMIPLE : WE (myewrE oF PRofEsr PRICESY W ConNSeLTANY CONPANY
(FILr et I ConTagy ReywEEn  CUSTDNEZ AWD MH/’M)

/M sR/CenVE :  — CLEAR DEFINE THE PeovEsy [DE8 AND 03IERDVES
— TOMREE wind CuCTOMER. THE PRAJECT CONCEFDON
OF SowTion (cRiTERIA OF BUALITY oF PRoVEY
70 ELARORATE FORECHLT~ OF PROJECY BUD
70 DEFINE TANEY oF TEM MENBELS — 2ECLUITIENI~
TO CARRY OyT TIME SCHEDULE OF PROVECT
ADOPIES By [3] — T TTReT Jeovgay 4emuiry /N PROBLER SoLUTION
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IXYI - CAPACITY PLANRIRG AND SCHEDJLING

FACILITIEZS DECISIOFNS
Facilities decisions are often made at the level of top mana-
gexzent and it can be intezgrated with corporate strategy.
(Forecasting demand.Determining facility needs).

FACILITY LOCATION PROBLEMS

Location precblems that involve the distribution of goods frem
ors location to another.Cne of the available methods is

1 — TRANSPORTATION MCDEL

Formuletion :

We have shipaent frox one locatior to another (from factories

to warehouses).This shipment reeds to determine ameunt for ship-
pirg froa factories to warehouses in accordance with amount re-
cuired and amount produced in each factory.

TABLE OF ROUTES

T 4 WAREHNoUSES AHpU
o . YR
Co G Crs %
Roh 124 (i1 Crs C AHOUNT AYMLALLF
3 .Z}, ng .J&&' 2Z//:; Clz | AT TACTORY 3
Fatty- C C C s
37 3 24
rEs ol Z s Xy > 29 Qs
| b b 6/ ®| T g
3. 7o vAREHOUSE ¢

MMV’ﬁoSﬁfDF‘Mw&/ eMouN vieEs
PIVE P 4 LTORY 3. 2 /Hou 7 RECH

Waee Hoyse & l/ﬂfllo USE &
MATRIX

ADOPTED 8y [37
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WFHERE
Ay - AMOUNT SHIPPED TRoh Fa&ToRsy I ukERUE)

Ct] .. UNIT COCT OF SHIPYNG- FroM TRCTORYM 1 Tb WAREHOUE ;

THE ToTAC TRAWLPORTATION COIT /i

C- 2 Z Cylhiy

=1 |=1
M ... MHBEL OF FPACTONES
M ... NUHEER_ OF WAREHOUSES

WE ARE L00 W6~ FOR. VALUE OF 'ZU' wiyckt Wikl Hrtini3€

vawe OF ¢ AwnD  FULFIL  CONDTION gz]

”n

2_— J[y"’gy"

1=1 e
THE TOTM AMOUNT  SHPED FRon ey FAemRy 1 [TOST
5.7/ukc_ THE ATIOUNT  Avaikele AT THE FReTORY

Yy =0

e TR, SHIPPED Tv Eaow WaRENoUSE | TUST EQURL
THE At1oyNT REQUIRED AT THE WAREHDUSE

n
2_ Jéz/ =Qq
J=7

ML SHMIPHENTC pmysT EE NON NEGATIVE
EXMIPLE : INPUT DATR

- WARE ftoUSE
~ ® @ 9 @  uilee
® 14 0714 s
Pherory ® ° 9 4 3 4c  COSTE OF
— TRANSPORTAT? ON)
® 6 % 3 L 1o
co0o0ds 10 "_J 1C F7) 5 £Go

REQUIRED
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THE TRANSPoRTATION METHOD IC MERATIVE

ME Tod

RULES @ EUOUW VECT Conwee, 2uiE

— “HAYVE-TO START

© © &

i

\

®
7|

1
5’5/’

!
|

i

-

P

10 15

~

e

'3

)

Z
fs

2-nq

IO Cosry -

G0+ 70 » 90 + 120 + 7T +7)

®

®

=

.

fo

c 17

&

&

6

70

70 A1

o

7o

4
2o

Ry

35 7o

Zo

INTIAL Socunow

Ar OF TReNSPORT

PORT1ONS

FINAL RESULT
OF JHE C4Leuis-
7708

28 owrry

30
2r
2o
%o

£ 15

OTAM COSK - 50+ R0+700 +30 +4%p £ 100 + Mo+ Y0 = 4% vwiTe
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©

VOGE( APPROXIMATION METHOD — VAM

CoN PUTING- THE DIFFERENCE RETWEEN THE LOWELT COST AND
THE NEXT- LGweT (oSp — WE AL Look/N( FOR (ARGE(T A/F-
FeRrencEL ((BY 1-tr EXMIPLE)

1—(r irep
—9 O~ (5 ® Vi1
0, 2/ 2T o 4 DIFFERENCE !
) “ Q)
f I 8 - 3)
; L . ‘(/
e ¢ ’ Y z
/ "
r Lz:
VAt DIFFEREME- 3 @L ;—
/—\ W
n 7 O FFERENMNCE -
el ;A
| ! @"’ @
iyl E
2 I D
6 4v P/
’ _V | o 2
) b2 I
vkt DiFFERENCE (3) 2z y
VAt
! DIFFERENCE
| r 9N 3 ’
L YL
4 ' q/‘ N
~ —~ 2/ o] —~ ¢

VAt1 DiFFerenc : 1

0.0 181100/ 198438

To7A. COST ¢

188 AG#INST 281

SAavive A lp %
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@ LEVLLUA»T/U)V AND IMPROVEMENT

Sye7Er DELCRIPNION !
Ir RULE Us + v = Cyy

VHSRE It
Oy ... BUALUMION NUMBER O0F ROW 1

L{/' . UM UNTION NUMBER_ OF CoLOMN J'
Cop -+ UNIT ColT OF Shipewe- vik ceL
L-nd RULE A CONDITION TOR OPTINMALITY OF
Sotvmion |s — For EBaey cE
Ui +Vj <Ciyp

(THE FIRIT Exampre 10 uced BECAUSE OF CompariSon OF
RESGLTY)

TEL NG OF IREVIPUC RECULTY

/7 g CELL 34 ~L + 6 =4 . RuE I6 SHISFIED
tvr CEL = . RILEIS NOT S _
[ 7t vré=c 72 771CFIED

T _MEAM{ — PRECENT SoLuNON BY VAM IS nvor DPRIiit

N DETERMINATION OF EVALUATION NUMBER oOF Rew< mp Co —

LOMNS
V- Jr Row/ !

bro =0

ﬁk&/mﬁ- |
IT CAN BE 3 7

O THER. v,
| ehe .
— © T CB(Lig
/1L NOF /N -
CLUDED IN
—_—- ReESULT OF
SOLUTION

+0PED Yy £27
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- WE HL TRy TO SoLVE OPTIMM. SOLUTION

— WE {TM THROUGY CELL 7, — WE HAVZ 5{ gw?i/ Ibﬁ/m 0)
dICPolH. | BOT To STHY SstriftenT v CELL T,

~ THMN NE REVISE NEW COLOMN NUMBEE OF CBL[,y —>
WE CQNCELLED ¢ AND USE 1

@veu/

1S REHOVED 7
P 3 20 25
[ REMOVED | [
@ 4 - 1 Ok 25CSyon
e 10 2|%  AremRARY
20 s 20 & D
AL/ GNMENT

ForR. €808 CE/l wE KAYE VALID Tie PuE
07' . V‘/' < CI]
VE RECEIVED 0Ty TRANSPoRTRTION SOLUTION

TOTHL COST ¢ 0- 20+ 25 +4. % +8 20 +3.8= 165 owiry

ADOPTED By [3] FINAL REPORT, VOLUME II, Page 87
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2 - SCHEDUTL.ING OPFRATTONS

Aggreqgate planning seeks to determine the resources needed
( time frame about 1 year ).

Scheduling allocates the resources made available to meet

operations obiectives ( time frame of a few months, weeks,
hours ).
Scheduling obiectives: high efficiency

low inventories

good customer service

by (. high utilization of labor
a schedule of equipment
which of space

maintains

Scheduling selection: classification by type of process

0 line
e intermittent
C proiect

@ LLTNF PROCFSS:

- no for simple product

- only for multiple product - but process moves smoothly

VY
{ \y TNTFRMTTTFENT PROCFSS:

- process moves not smoothly - many starts and stops

- irreqular flow in due to the layout ( machine group )

JORS OR CUSTOMFR’S WATT TN TTNF AS FACH UNTT TS TRANSFFRRFED
FROM ONF WORK CFENTRFE TO THF NFXT

FINAL REPORT, VOLUME I, Page 88



-~>  NFTWORK OF QUFUFS
-—> HOW TO MANAGF THFESFE QUFUFS

Scheduling problems for intermittent processes:

- input - output analysis
- loading

- sequencing

- dispatching

~

l TNPUT - OUTPUT CON’I‘ROLJ

TNPUT - the amount of work arriving at work
centre per unit of time

T.OAD - the level of work in process - WIP
in the system

OUTPUT - the rate ( amount ) at which work is
completed by a work centre
CAPACTTY - the maximum output which can

be produced

ANAT.OGOIJS SYSTFM:

= How To CONTROL THIS SYSTEM
1 WFUL eONTROL [VALVE)
— - /\

mer

>
Loao LEVEL e e e chmenry

. f—\ ourPUT

EXTREM. SITVATIONS

LEVEL

. @R ourPUr
LoW MACH/NE UTILIZATION -\/ LON & WAITHING TIME "
/OLE (ABoOR axl/éram?z./s UNSANSFHED
#) wiT PRovery Cocrs I~ INVENVTIRY

ot v HIGH UNIT PRODUCTION CLOSTS

ADOPTED By [3] FINAL REPORT, VOLUME I, Page 89




FXPENTTTNG TNNTCATFS A FATLURE BETWFEN OUTPUT AND TNPUT

TNDFENTTFYTNG CRTTTCAL JORS

ANALYSTS FXAMPLF:

TNPUT 10 000 § PFR WFFK
TNPUT 500 000 $ PFR YFAR
ouTPUT 10 nno § PFR WFFK

WTP TNVFNTORY 200 000 $

LFAD THF FOR PRODUCT = 200 000
10 000

and in actual processing 1 - 2 weeks

20 WFFKS

FINAL REPORT, VOLUME II, Page 90




LOANTNG

( not detailed scheduling or sequencing )
Two types of loading:

- forward loadin
- backward loading

The purpose of forward loading is to determine an

approximate completion date of each iob ( and the capacity
required in each time period ).

The purpose of backward loading is to calculate the capacity

required in each work centre for each time period. Nue dates

of jobs are always given for backward loading.

AT.GORTTHM OF JOR SFQUFNCTNG -=>m X n
SCHENDULTNG

PROBLFM
m .. NUMRFR OF MACHTNFS (SOLVED ONLY FOR m < 3

AND n ARBTTRARY VALUF )
n .. NUMBFR OF JOBRS

a) STMPLFEST SW TS FOR m=1 n = arbitrary
b) m=2 -> left - hand - right - hand - rule
(S.M.Johnson - 19%54)
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LOADING
Leeding is very rough procedure,in our case based on the ”Fvssm.e
sumption - waiting time 8 hours. MACHINE HOURG, DUE  DELAY
Example : WORK CENTRES A B C 30§2>'1z *{é Bll?t cly N (""7““}
—_— C 3 ¢
3 gl3 ¢z ‘;lzz 4 40
- e 4 8]3 b ¢
i JOB 1 - TiIME LINE z ;’5_ 213 7 1'%
' AJZ 1 MoveE[waiT/8  [B]a | Mdve/wami/ 8 | o[q’{ I
| ; ' DUE DATE
| i
| DAY =1OHomrs|  DAYZ DAY 3 DAY h
: St <
-9 -TMg LINE ME
?IOB -1 oA
I | Mowelwair[8 Ay
i
FORWARD |LOAD CHARTS
) ® C
WORK CENTRE WORK CENTRE WORK CENTRE
T T T T ~ IR S S
o -4 I -Jr — fo
g - i L/ N S
¢ @ — g8 | 4 i @® | | THeRE
% ; - " 1 B MUST ge
s !/ - - 7 AVERAGE
¥ 6 B gy VA < — A
w s s : 5 —| b
Z v @ @ . b ® T Y -t F
5 3 —- E - A3 ' — 3 @ - p—
< 1 — z : 1
r 4 Vru N Wrnll VN _; A4 @ @ R '. —] 4 V¥ @
otele] - |
DAY 4 2 v 4| A 2 3 4 1 2 3 &
PossiBLs
DELAY

JOB NUMBERS : &) B B @& B)

FORWARD LDAD CHARTS FOR EACH WORK CENTRE , (T IS POSSIRLE TO MAKE
BETHER. BY INSPECTION AND HEURESTIC ANAMLY SIS . TO ADD ONE DAY —
UP To 5 — TD RECEIVE BETTER LOADING ON WoORK CENTRES

ADAPTED FROM [ 3]
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BACKWARD LOADING

e
J0B 4- TIME LINE Dare
Mz FovE/war/a T T8/3 ] Hove[whae 1 ¢
DAY 1 = 10 HouRS DAY 2 : DAY 2 DAY b
0 S <
Joe 2.~ TIME UNE ; :
T efe T Hove[WaiT]8 | AJY
MARLETING SHOULD CHECK WITH OPSRATIONS DUE
BEFORC MALING DCLIVERY PROMISES Date
4 - | SEQUENGNG - J0B
AN EXACT ORDER OF JOR PROCESSING
METHOD :
GANTT - CHART
A (
") ! AN
. L : \\
2 B ! '
. X ’~
' ot i :
§ . SRR
? 01 2 34s 6178 9m0mui3mIsienIefn ool
l . !
o .. THE MAKE SPAN =20 Houks N
42 HoURS CF PROCESCING
JOB ARE SEQUENCED MACHINE IDLE Jok IDLe  Deuvery TIME
(HOURS) (HOURS) (HoURs)
FreT D & s @ o 9
SEcond Tf\ - @ 9 19
™MRD & @ & @ 4 10
FourtH D © 4 & M
Firrn @ Pl ® 3 "
UNLI2ATION ... _‘ié% > M3F %

ADAPTED fRomM [ 3]
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S - DISPATCHTNG RULFES
Fxample: 100 - 150 shop orders/per day available
1000 machines to control by
2500 orders in process dispatching
500 workers process

A DTSPATCH RULF SPECTFTES WHTCH JOB SHOULD BFE SELECTFD
FOR WORK NFXT FROM AMONG A QUFUF. OF JORS

STX RULFS:

MTNPRT <E) minimum processing time
( shortest processing time - PRTORTTY )
MTNSOP (E) minimum slack time for operation
( due date minus processing time remaining )
~ ( zero slack time - PRTORTTY )
FCFS ggz first come, first served
MTNSD 4 ) minimum planned start date
MTNDD t:ﬁ minimum due date
( the job with the earliest due date - PRTORTTY )

RANDOM (E) 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 - PLANNTNG AND SCHFENDULTNG PROJIFCTS

Planning and contrcl in proijects:

A. PLANNTNG

Tdentity the project customer

Fstablish the end product or service

Set project obijectives

Fstimate total resources and time required
Decide on the form of project organization
Key personnel appointments ( proiect manager )
Define maior tasks required

Fstablish a budget

B. SCHEDULTNG

Nevelop a work structure

Fstimate time required for each task
Sequence the tasks in the proper order
Nevelop a start/stop time for each order
Nevelop a detailed budget for each task

C. CONTROL

Monitor actual time, cost and performance

Compare planned to actual figures
NDetermine whether corrective action is noted

FINAL REPORT, VOLUME II, Page 95




IV, INVENTORY MANAGEMENT

In the manufacturing company inventory and capacity must dbe
mansaged together.In inventory management the primery fecus
will be on invantory,with capacity as a related variable.In-
ventory is one of the five major decision areas eof operations,

INVENTORY DECISIONS : what te erder
how msuch to erder
when to order

Inventory caatrol system are used to manage materials from pur-
chasing through raw mat:rials,werk in preces and finished good
inventories,This aystem manages the flew of materials within
the cospany.

INDEPENDENT - DEMAND INVENTOKIES - DDI

DEPENDENT - DEMAND INVENTORIES - DDI

IDI is independent of operations.Finished goods and spare parts
are independent-demand inventories,as in autemobile preduction.

DDI is derived from the demand for another part or component.The
work-in-precess inventory and raw materials inventories have Je-
pendent demsand,

1 - INDEPENDENT DEMAND INVENTORY

Finance is concerned to minimize funds allocated to inventory.
Operations needs inventories te assure smooth and efficient pro-
duction,

The finance function zenerally prefers to keep the level of in-
venteries low,marketing prefers high level of inventnries to sup-
port sales,operations prefers adequate inventories for efficient
productien.

INVENTORY MANAGEMENT MUST BALANCE TAESE CONFLICTING OBJECTIVES.

Inventory definition : AN INVENTORY IS A STOCK CF MATERIALS
USED TO FACILITATE PRODUCTION OR TO SATISFY CUSTOMER DEMANDS!

INVENTORIES INCLUDE - RAW MATERIALS,WCRK IN PROCESS,FINISHED
J00DS!

FINAL REPORT, VOLUME [l Page 96
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A water taenk anslogy for inventory :

- flews and stocks -

7 AL/ ZLUl
%Zzza&nventory ?6274
level E
@ Supply | Demand @

: rate -————]‘ i I————— rate

- rate of flows out coerresponds te demands -

- the water level (inventory)is a buffer between
supply and demand

A water tank system analogy :

Raw 1 or —ingé :;Eniahedg’
Vender _ | materisls process goods L Custemer

supply —> — Stage —> demand
rate -‘h—\ '< ‘*\\R"—L 3 rate
Low-\' Serap Scrap
quality
materials

The tanks serve as buffers te absorbd variations in flew rates
within the systenm.

Furpose of inventories :
TO PROTECT AGAINST UNCERTAINTIES
TO ALLOW ECONOMIC PRODUCTION AND PURCHASE
TO COVER ANTICIPATED CHANGES IN DEMAND AND SUPPLY
TO PROVIDE FOR TRANSIT (DISTRTBUTION PIPELINE)

Decision problems :
WHICH ITEMS SHOULD BE CARRIED IN STOCK
HOW MUCH SHOULD BE ORDERED
WHEN SHOULD AN CRDER BE PLACED
WHAT TYPE OF INVENTORY CONTROL SYSTEM SHOULD BE USED

APOPED FrRom (3] 4wp (L]
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Inventory cest structure : item cost

erdering cost

holding cost : - cost ef capital
- cost ef sterage
- cost of less

steckeut cost

INDEPENDENT DEMAND VERSJUS DEPENDENT DEMAND :

Independent demand is influenced by market cenditions
outside the control of operatins.

Dependent demand is related to the demand fer anether
item and is not idepedently determinedby the market.
(When preducts are built up frem parts and assemblies,
the demand for these components is dependent en the
demand for the final preduct.)

IDI MANAGEMENT SYSTEMS :

EOQ MODEL - ECONOMIC ORDER QUANTITY
Q - SYSTEM - CONTINUOUS REVIEW SYSTEM
P - SYSTEM - PERIODIC REVIEW SYSTEM
ABC INVENTORY MANAGEMENT SYSTEM

EOQ MODEL

- ap WDy ap e o

Main features : demand is constant and items are erdered in
fived lot sizes - relatienship between ordering
frequency and inventory level (reerders)

Order interval

—>
Lot size = Q Average inventory
AN AN AN ety
NN N e

The value of let size can be presented by a mathematical equa-
tion 83 follews : (Wilsons ecenemic order quantity)

qQ =250
ic FINAL REPORT, VOLUME i, Page 98
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Tetal cest of inventery :

Annual cost

Total cest

elding cest
[ (Carrying cest)

Mimimum cost — — —

Ordering eest

POQ Lot siszse (Q)

Fellewing symbels :

D ... demand rate (units per year)

S «¢e. cost per order placed

C ... unit cost

i ... carrying (helding) rate

Q ... lot size (units)

C ... total of ordering and carrying cest
2 ... economic order quantity

EOQ medel is limited by the assumption ef constant demand.

Main features of Q - systam : the stock level is reviewed econ-
tinuously,lecisions to reorder stock are based en
or. the total on-hand plus or-order quentity (this
amcunt is called steck positien,when the ateck po-
sition drops to a reorder point 8 fixed quantity
is placed on order,the time between orders will va-
ry depending on the random character ef demand,

Q -~ system definition : CONTINUALLY REVIEW THE SIFOCK POSITION
AND WHEN IT DROPS TO THE REORDER POINT R A FIXED QUANTITY Q IS
ORDERED.

AborTED FROM [3)
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A graph ¢f the operation of the C - system :

Stock on hand

I S AN

Time

A continuous revview (Q) system,R - reerdered point,Q - order
quantity,L - lead time is time for resupply from vender.

The steck position dreps on & irregular basis until it reaches
the erder peint R,where an order for Q units is placed.The erder
arrives later,after a lead time L,the cycle is then repeated.

The reorder noint is defined as follows :

R-m+ s (to protect against stockout)

where R ... reorder point

D ... avarsge cdemand over the lead time

9 ... safety stock (or buffer stock)
SERVICE LEVEL is the persentage of customer demand satisfied
from inventory,different ways te express service level :

1 - it is the probability that sll erders will be filled
from stock during the replenishment lead time of eone re-
order cycle

2 -~ it is the percentage of derand filled from steck during
8 given period of time

3 - it i3 percentage of time the system has stock on hand

S - 20

where 2z ... safety factor
0 ... standsrd deviation of demand ever lead time

P - SYSTEM

The periodic review system is based en periodically review of
the gcods stock positior. (finisheé goods),
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Yain features : The P cystem is completely determined by the
two psrameters - F and T,P is the time between erders,T is tar-
get inventory level.

P - system definitien : REVIEW THE STOCK POSITION AT FIXED
PERICDIC INTERVALS P.AN AMOUNT EQUAL TC TARGET INVENTORY T
MINUS THE STOCK POSITICN IS ORDERED AFTER EACH REVIEW,

A periedic review system :

L

P ,ﬁ‘%_ P —_—

The target inventory level can be set by a specified service
level.While the reviewed period is fixed,the amount ordered
is not.The P aystem should be used for inexpensive items,or
for items delivered st specified intervals,

In inventories,a few items sually account for most ef the in-
ventory value.The items are divided inte three classes : A,B,C.

A — contains about 20 % of iteme und 80 % ef the finance value
B - » ’ 30 % il 15 % " »
Cc - » 50 % 5 % »

Class A represents the most significant part ef items and imven-
tory can %e centrolled %y clesely menitering the A items,Q - ays-
tem.looser control might be used for C items,P - system or manual,

*DOPTEY TROK 2] MNB[2]
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DEPENDENT DEMAND INVENTORY

2~ MATERIAL REQUIREMENTS PLANNING - MRP

Definitions of MRP system - 3 types :

TYPE I, : AN INVENTORY CONTROL SYSTEM
(right quatities at right tims to suppert the master
schedule)

TIPE II.: A PRODUCTION AND INVENTORY SYSTEM
(te plen and control inventofies and capacities in
ranufacturing cempanies)

TYPE III: A MANUFACTURING RESOURCE -~ PLANNING SYSTEM
(to plan and to centrel all manufacturing resources :
inventory,capasity,cash,personnel ,capital,equipaent)

CLOSED-LCOP UMRE SYSTEN

Ll B R R T X 2 Y R e e————

aggre-
gate pre
duction

nawter preducy
tien schedule

!

perts explo~ 3
3 sion
purchase erders shop erders

-
capacity plan-
ning

. <
raw material shep fleer cen-

veniors trel

- L preducts
§1 operatiens —P

ADoPTED BY [3]
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THREE PRINCIPAL INVENTORY FUNCTIONS :

-~ order the right part
INVENTORY - order the right quantity
- order the right time
- order with the right due date
PRIORITIES - keep the due date valid
- a complete lead
- an accurate valid lead
an adequate time span fer visibility ef future
load

CAPACITY

BOM - bill ef materials ( parts list )

BOM is a structured list ef all materials or parts nesded to
produce a particural finished product,assembly,sudbassembly,ma-
rufactured part or purchased part (BOM are 1CO % accurate),

MATERIALS PLAN - PARTS EXPLOSION

Example
o Weekv
l 2 3 4 5 6 7T

Sha®t
Gross requirementa - - - - 50 50
Cn-hand/scheduled 10 - - - - - -
Net requirements - - - 20 30 30 20
Planned order - - 30 30 30 20 -
releases

Wheel
Gross requirements - - - - - 100 100
On-hand/scheduled 20 - - - - - -
Net requirements =~ - - 40 40 6o’ 20
Planned order - - 6C 60 60 40 -
releases

ete - -
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3 - JUST - IN - TIME

Definition : JIT is methed of inventory management eliminates
anything which dces not add value in production activities by
providing the right part at the right place and the right time.
JIT elinstes 811 sources of waste,
Objectives Less inventory

Lower costs

Better quality

PHILOSOPHY OF JIT

JIT has been established by TO¥CTA MCTOR COMPANY IN JAPAN -

the mid of 1970 - Mr. TAICHI OHNO vicepresident of TOYOTA.

vIT has been expanded to USA at 1980.

JIT is 2vailable mostly for repetitive manufacturing (mass pro-
ductien of cars,trucks),for production of standardiged parts in
high volume,ard in the certain extent for the job loz productien
too (nenrepctitive ir nature),

(IB%°s name of JIT - SONTINUCUS FLGW MANUFACTURING - CFM).

PRINCIFLES :'sz RELUCE INVENTORY AND OTHER WASTE
Z2) IMPRCVE QUALITY TO ZERC DEFECZS

K;) TMPRCVE FLEXIBILITY BY REDUCING JUEUES AND
LOT SIZES

(:) REVISE THE PRODUCTICN FLOW PROCESS

(5 ISTABLISH SIMPLZ VISIBLE CONTROL

E%% DEVELOP A HABIT CF CONTINUOUS IMPROVEMENT

RESCLTS : - CYCLE I'IME WAS REDUCET CN THE AVERAGE 50 %
- QUALITY WAS IMPROVE ON THE AVERAGE 3C %
-  PRODUCTIVITY WAS IMPROVED ON THE AVERAGE 10 ¥
-  INVENTCRY WAS REDJCED ON THE AVERAGE 40 %

ELEMENTS OP JIT : = MASTER SCHKRDULE er FINAL ASSEMBLY SCHE-
DULZ for 1 te 3 monthe
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- WITEIN CURRENT MONTH THE MASTER SCHEDULE
IS LEVELEL ON DAILY BASES ( SMALL LOTS -
TABLE MASTER SCHEDULE )

- WITHDRAVAL SYSTEM ( KANBAN SYSTEM )

JIT uses a simple pert withdraval system to pull parts from on
work centre to the next.Farts are kept in small containers with
linited number,When all containers are filled - machines are shut
off - until the subsequent work centre provides another empty con-
tainer.

Inventory is held on the shop floor and not in the storeroom be-
tween processes - inventory is KEPT LOW - only a few heurs of

supply.
[;COHVENTIONAL PLANT]
STORE WORK CENTRE
7 ﬁ — N\ "\
R4 2! 0@ m]Z
, | o PLANT]

n xtzmcs,my~dby WORK. CENTRE
| VENDOR ) =— 010 B ooQ
E I e N

BB —> /R e~ 1k !-9@‘ —
venior hecomes rext process

és partner descovered defects

IMPCRTANT CONDITICN : TO MAKE AVERAGET PLAN PER DAY

-

( of types i month in advance )
EXAMPLE :

product @

individual unite will be mixed :

10 GO0 unite o A
5 0G0 units of B
5 0CO units of C

1/20 per day of each will be:

5CC units of

250 units of
250 urits of

therefore sequence will be ; AA E>"’/*"3"'/‘U*B'<'— """

Qw >
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NEW PROpUCT — | LONG TERMDEMAND | 6ipoenT PLANT CAPACITY
PLA- NNIN G- FORECAST

¥
LON - TERM PRDD\)&T“U
PLANNIN G- = ]

4
DETERMINATION OF E PROFIT TPLAN
PURCHASE FINAMNHUA PLAN

J
LONE TERM PRODUCTION
CAPACITY PLANNING

ANNUAL SrkLES T
PLANNING ANNUAL PRODUETION
PLANNING-

PROFIT PLAA
PURCHASE AND i v —>

E’R.ODOWON MIDDLE mm)bue, ﬁquA‘L ?M
COUNTERNEASURE 0

(CAINGT LOA—DS) Ti NCAPA(JT\E PLANNING

| MONTHLY PRODUCTION
PLANNIN -
T STRUCTURE OF

[\
CHORT TERM PRODUC - PRODUCTION
TION PLANNING PLANNING

v

RODICTION
SCHE DULIN (-

DalLy ORDER, 3

DALY ORDER

HONTHLY OroEp-

L

]
DISPATEHING OF
INDIVIDUAL ORVERS
T DENOTES INSTRUCTION
ASSEMBLING CARRIED BY HANBAN

/ DELIVERY INSTRUCTION
| PELIVERY INSTRUCTION OF LARGE SUBASSEHBLIES
Lorwm«se» PARTS A
7‘\ PROCESSING AND ASSENM-
BUNG- PARTS

N4
DELIVERY (NGTRUCTI -
ONS Of RAW HATERIMS

|

ADopTED By [3]
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PRINCIPLES FOR DAILY PLAN MAKING :

TC DETERMINE RIGHT QUANTITY

DOES NOT ALLOW OVER PRODUCTICN
DAILY QUATA HAS BEEN SET

- UNIFCRE LOAD ON ALL WCRK CENTRES

- ENOUGH LEAD TIME

-~ DENCTES INSTRUCTIONS BY KANBAN CARDS

KANBAN SYSTEM

ATES : - TC AUTHORIZE FRODUCTION
- TO IDENTIFY PARTS
-~ TC START MANUPACTURING PROCESS
~ TO KEEP PROCESS IN MOVING

|

PRODUCTICN WITHDRAVAL
CARD - PART NUMBER CARD - PART NUMBER
- PART NAME - PART NAMZ
“P ") - FROCESS TYPE l"_'i" - PRECEDING
- STORE LCCATION AT PROCESS
WHICH TO STORE - SUBSEQUEI?
- CONTAINZR CAPACITY PROCESS
- CONTAINER
CAPACITY

KANBAN CARDS : I ) - CONTAINER TYFE
l ) - I5SUE NUMBER

Flows oF ,P' anp W
bwsmv CARDS

B

NV Post
Dm}mf& INPUT AREA: / 0UTUT AREA
o oo, 0o 7

N

4DOPTED By [2] AND [3) Principal JIT echeme
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JUST - 1IN - TIKE SCHEME IN DETAILED

ONLY THE FINAL ASSEMBLY GNE RECEIVES A SCHEDULE FROH
THE IS PaTaveE OFFICE ( NEARLY THE SAHE FROM DAY 10 DAy ).
AL OTHER. MACH/NE OPERATCRS AND VENDORS RECEIVE m”dmws
ORDERS — FANBAN CARDS — FON THE SUBSEGUENT WORK CEWTRE
(AS FROM USERS ).

JF PRoDUCION SHOULD STO

WORKL CENTREC WL AtSo Soon STOP QCN-: _
eeVeD KAN2aW oppeEpRs TOR IMoRE MATERIAL .

UPPLYV
P N THE USING- WORL (ENTRES | THE PYE(F-
oF MESENCE OF NEW T

YAMPLE @ 4 cowiatnedg

ouUTAT
MEAN
8
.-----.;- i ! B i ‘ —--_-,
’ : Flow OF
ZZZ’ c’:/ TAWERS FULL CoNTR NERS
Froyr PRECEpin G M SUBSERUENT

PeceEss — ( @ PRocess,
E_XAMP[.E OF COMPLETE KANBAN SYSTEM :

/ )/ FINAL
AN T 426;”
L7y e
H A ”ﬂ“v
Il 4 c
' : { i —>
A N A & FLows
\ VA S\BoLs -
] Y .
i l_‘L_1 R —_—
- VENDOR | iVEN'DOZ! i by T > (Wl
! b ] ! .~ . ! —
— i | L —_— .
ADOPTED Ry L2] aus (2] AbPTPD By (8]
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JIT LEAD TINE - entire tixe of an clementary cycle of JIT precess

T -~ FILLED + WAIT + MOVED + USED + RETURNED + FILLED AGAIN

eee Lead tixe

e.. total nu=bers of contsiners

demand rate (number of parts/month)
e«e container size (number of perts)

ocoops A’
[ ]
[ ]
[

Than is valid :

D.T
C

nse

or
n.C = D.T maximum inventery

P
¥ORK PORCE IN JIT PHOCESSJ

SJIT work is muiltifunctienal.

PRINCITLES CF JIT WORK PORCE

- TC OPERATE SEVERAL MACHINES )

- TC SHUT THE ¥ATHINE

- TC UCVE CNTO ANCTHMER JC3 } CRCSS = TRAINED

- TO SZT UP MACHTINZ IN SEVERAL SKILLS
- T0 DO ROUTINE MAINTENANCE

- TG INSFECT THE FPAET .

( VENLCORS J

Vendors ir JIT process are pariners af production.Their otli-
sations : PICK UF DPTY CONTAINERS AND WITHDRAVAL KANBAN CARDS.
THAN FILL CONTAINERS BY SEMIPRODUCTS OR CCMPONENTS AND DELIVER
JusT IN MANUFACTURING PRCCESS OR ASSEMBLY PROCESS WITHOUT I:NSPEC.
TION - DUE THE CONFIDENZE IN VENDORS QUALITY.

( MRP ~ JIT

MRP ~ COMPARIGON Nt

BLTSH PRODUCTION REFETITIVE PRODUCTION
NCN REPRTITIVE ( MASS PRODUCTION )
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\ 4 - WORE FORCE MANAGEMENT

WORKERS AXE NOT AFFENDIX CF MACHINES !

Worker ‘s actual behavioar depended on rules established through
centacts with other people within production process.

The fundamental prineiples of the human bshaviour appreach are
as follows :

The smeunt of work rather depends on the secial conditionmns
surrounding the work

Non-sconomic rewsards can motivate werkers mere than high
wages (feelings of happenies and security - not to bds um-
impleee)

INOIO

1

Jetter to zive workers s wile veriety of tasks (can stimu-

late procuctivity increasing)
"/-\ 3 rs 2 3 ] 1
1\1/, Very important are eatablished workers group,bscsuse of high

velue of staniards of behaviour and humamn relationship cresa-
ted >y the zrouap

INTERPERSONAL RELATIONS IN GROUr S=HAVIGUR :

Peraonal respect
Personel value
Periinence to the zgroup
Personal impertance
Persona inadejuacy and frastration
Indivicdual involvement

FRINCIFLZS OF WCRK FCRCE MANAGEMENT :

,/‘\

-1} ‘atch tne worxer and the job.People should be selectad for

~  for Jobs on the basis o their idivilual differences anl
praferences for w~ork.Sope people misiit be asked to accept
too much respoensi®ility while other are askeld to accent to

— little,

\E/} Clearly define responsibilities of ths worker.This would be

done through written job description or statement of objec-
tives w#hich are xept up to Z2ate,

AdopTED RY [1]
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Set standards of perforzance,for sll jedbs,.

Ensure comrunicatins and employee involvexent.This is idea
of the participative management.

o05.Knowledge is rapidly changing and training must be cen-
tinaous.

Ensure g0o0d supervisiom.i supervisar should be competent
in both technology and managesment skills.

(3)
( 4)
<E£> Provile training.Training shoule hegin the first day oz the
©

Rewerd people for rerformsnce,Rewards for performance cons-
titute the prire method of zotivating people towasds goals.

NEW APFRCACHES TO MANAZING FEOPLE AND ORGANIZATIONS :
1 A bias for action.Do it - fix it - try it.

2 Cilose to the custoxer.

HEK |
-

Autonecy and entreprereurship.
Procuctivity through peojple,

Yands on value driven_ The avcellent companies have identi-

£ied their hasic valuee.

Stick to the krnittins,

0

=)
(8¢

Cimple form,lean ztaf?,

)

Simultaneous locce-tisht properties,

N
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FIRM = CpreN sysTEM

e —

GOVERNMENT
WSToMERS
X
MARKETING
e tvid
L1’ AL
BANKS SUPPLIERS
LOANS
_~~CoopeRATION {ooPERATICN
INTERNATIONAL RPER,
J G- U
PARTNER C LocAL NEIGH BouRg
MNTHORITIES

42007 D By (7] Wb [3]
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¥I - QUALITY VANACIMEMT AND 20ONTROL

Jdefinition : QUALITY WAS BEEN SENERALLY DEFINEDAS "PITNESS FOR

USE.THE FROUDUCT GR SERVICE KEETS THE CUSTOMER NEEDS - THE FRO-

UCT IS FIT FOR THE CUSTGMER 'S JSE.ONLY THE CUSTGMER CAN DETER-
KINZ ADGVE MENTICNED FITNESS FCR USE.

DIMENSIONS OP QUALITY :
- Quality of design
- Quality of conformance
- The abdbilities
~ Pield service

The four ifferant dimensions of quslity are moras devided in
following scheme.

The process of gquality planning and control requires a comti-
nuoue intersction tetween the customer,operstions and other
rarte of the orgenizstion.Thoss interactions are creating the
Juality cycle,

To implement planning and control of quality through the quali-
ty cycle rejuires the following sejuence o? steps :

~)

CEPINT QUALITY ATTRIDUTES

DECIDE HCW TC ¥EASURE =ACYH ATTRIBUTE
SET QUALITY STANDARDS

ESTRELISH AN INSPECTION PROGRAWME

FINZ AND COFRET CAUSES OF PCOR QUALITY
CONTINUE TG ¥AKE IMPRCVEMENTS

@O

The best approach to the quality analysis,its imprevement and
implementation zive IS0 9000 standard series.

The major ISC 9CCC standard principles are describe on follewing
figures,

ADPPED by 6] 8]
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Different typee of quality :

QUALITY oF DESiGn

QUALITY OF:
MARKET RESEARCH

CONCEPT

QUALITY

OF CORNFORMANCE

CPECAFICATION

TECHNOLOGY
MANPo WER

FITNESS FOR USE

AVAILARBILITY

MANRGEMENT

REUIKBILITY
MAINTANABILITY

LOGI STICAL SUPPORY

PROMPTNESS
| FIELD SERVICE | COMPETENCE
L INTEGRUTY
The quality cycle :
CUSTOMER.
NEEDS SPECIFIES QUAUTY L PRODUCT
l | REDINES NEEDS
: b FIT OPERATIONS
| CAPABILITY
MARKETING- :
INTERPRETS CUSTOMER!
NEEDS
WORKS WTH COSTOMER
T DFQirdl PRODUCE TD
' FIT OPERATIONS
lmTERP&\Tl—TaoN
OF NEEDS
ENGANTE RIN G- DPERATIONS
<
DEFINES DESIGH O FECAFICATIONS - (PRADUCES YHE PROJUCTY |
REPRRES CpECImICATION QUALATY CONTROL
DEFINGS QUALITY (PLWS AN MONITDRS
CHARAMLTERISTICS | QUALITY)

FINAL REPORT, VOLUME I1, Page 114




59

VII -  FREDICTIVE DIAGMOSTIC

TCHNIM. PREDICTIVE Dik6NOSTIE ORVECTIVES *

— 70 DISABLE FHILIC OF EQUIPhENT

~ TO PRECEDE RREALDOWNS OF MACHINES
~ T FRECEDE ECONOHIA (0SC

— JO SAVE FPEOPIE W NoRpEmwE- PROCECS

Leevant reverme oF PrepESTIVE DIA-6-LOLTIC SYSTEH IMPLEHENTR -

Tow : — INCREACE /N THE TWE BETWEEN OVERMAULS
(REDUCED hrnTENpyCE CosTX)
= VIRIVM BUkvATION OF UNEXPECTED RREAE DoWAN ©
— EUNINATION OF SECONDMY; DEIASE
T BihiNAnon oF eomponenT WASTE
— Redverron or cpaes paer srpex
— REDuLTION OF REPMR. dyrA7ion

— ECREASE PORGRILTY oF PESTRUCTIVE B2EAL pown)
Hatwive Conpmon INDCATOR

— THPERATURE MBA-LUREMEN,
Vear poreg ANALY C/C
ACoucre Errron — Npjce

Maetunesr viepaion — — MmN AREA— OF INPLEMENTRATION

THE Mn REASonC  gF MGCHAN/CAL VIR RATIN,
Maeewver - RATING- oF ROTAIWE PHETC OF

VN2 ALANCE

K1saL) SV HED 7

LENT SHarFT
MECHA-N1c4y. [ OOSCENELS
RELoNANEE

C/ITICAL REVOLUT /080
OPERATIONMAL ppicTRRILITY

DAI4GED GEre TEETY
BExn e FauLTe

@m-xc& b146 - COMPUTED <~ 24— L}EUM NENT

SICRIGIGISIVIOIS

sme S$YTEr &0 SysTEH FON ITORING-
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VIII - INVESTKENT PROCESS

FEASIBILITY STUDY IN INVESTMENT PROJECT CYCLE

The meaning and cbjectives of an industrial investment project. The

Fre - investment, the investment and the operational phases.
The role of partners: investors, promotional agencies, commercial
banks, suppliers of equipment, export credit insurance agencies and
consulting firms.
Iypes of documents :

OPPORTUNITY STUDY (GENERAL 0.S.,SPECIFIC PROJECT 0.S.)

PRE - FEASIBILITY STUDY

SUPPORT (FUNCTIONAL ) STUDY

CASE - STUDY

FEASIBILITY STUDY

APPRAISAL REPORT

REHABILITATION STUDIES (DIAGNOSTIC STAGE)

TENDER DOCUMENTATION
Fasic agpects of pre - investments studies (strategic orientation,
scope of the project, data for pre - investment studies, selection and
verification of alternatives, total investment costs)

Feasibility study :- summary of project background,
- market analysiz and marketing concept
- compe.ition and market expasion strategy
- raw materials and suppliers
- location, site and environment
production programme, plant capacity, technology
organizaticn and mangement
- mampcwer, training plan, recruitment
- implementation, budgeting
- financial analysis

32VERNMENT INSTRUCTIONS FOR INVESTMENT PHASES ELABORATION

PROJECT TEAM ACTIVITIES :
- The role of team leader
- Main principles of team work
- Team members tasks and co - operation
- Methods cf{ international projects co - ordination
- Charges of the team members work
- Timeschedul and implementation

EXAMPLES OF FEASIBILITY STUDY
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TYPES OF STUDIESC N INVESTMENT PROVECT CMeLc

Fre select:on Preparation

PRE-FEASIBILITY STUDY FEASIBILITY STUDY

lJentification SUPPORT STUDIES Appraisal

OPPORTUNITY STUDY APPRAISAL REPORT

~ >
7~
\ /'. R

~N
. PRE-INVESTLIENT i
Expansion ~ PHASE _ 7 Negotiations and contracting
Innovation g

7

OPERATING ¢~

PHASE /
/ |NVPE'§IQEENT Engineering design

Replacement /
Rehabilitation /

/

/ Con'struction

Commissioning and start-up

/ Pre-production marketing

/ —

) / L Training

TIMIVIN & OF INVESTHENT CHCLE ;

OPPORTUN 1M FEA$181,
7 P PRov STAR,
JOEA  STuby APPROISAL  grypy TEn dER, aﬁ’ OE 37/0 " Ek%ﬁr o Powf”w
| 1 [ TT L I 8 | B

FPRE - N VELTHEAT | /N VEXTHENT sy OPERAT/ NG FWASEL 0F THE FPROJEGT
QyoLe

ADoOPTED TROM [ 10]
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Jifi P u j m a n, Phd 1992

STRUCTURE OF CNC CONTROI. SYSTEMS.

Summary: This paper dculs with CNC control systems of Machine
Tools. The basic terms of this problem are explained
vith the world progressive design tendencies. The

level, reached in CSFR is characterized.

1. Development and production of CNC control systems in CSFR’

Until the year 1990 the production of the automation means
and mainly the control systems of the machine tools was secured
by the two main produccers - the electronic factories of the
concern Tesla and Krizik (earlier 2ZPA). These factories had only -
very limited possibilities for the research and development. That
was the reason, why design of the hardware and software of the NC
and CNC control systems was concentrated mainly in the Research
Institute of Machine Tools and Machining - V00SO Prague. The
hardware development of the latest models was done by the firm
VUAP in accordance with the V0UOSO projecrt.

The goal of this article is to make clear the software and
hardware structures of these CNC  systems. From this point of view
is useful to repcat the basic terms of the NC control, which will

be used later.

2. The basic terms of the Numerically Controlled Machine Tools

The NC machine is derived from the conventional production
machine by the completing of all moving axes with drives and
measuring systems, which are able to give the exact information
about an actual position. The drive with the measuring system
create a fcedback circle - the servo-loop (fig.1). The commanded

position gencrated by the NC control systems 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
wvorking operations.

Not only the motion of the moving axes but also many others
"miscellaneocus™ functions like clamping of the workpieces,
cooling, 1lubricating, 1locking of the workspace etc. must be
automated. They are controlled by the output commands for the
electromagnetic relays and their action is checked from the state
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
elements to the integrated circuits; it means from second to the
third electronic generation. In the fourth generation the
computer appears in the kerncl 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
hardvare and it brings the possibility to make the different
models of the control system only by the software changes
(fig.0). The minicomputers, which had been used in the first CNC
systems are replaced by a structure of 16 or 32 bits
microprocessors now. The performance of the systems is growing
up. Also the wuser’'s comfort is rising up. The capacity of
a memory for the technological data goes to 0,25 - 1 MByte. 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 is 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 system
manufacturers. The changes of its properties are possible only by
setting of the parameters defined by a system producer - machine
constants,

PLC ( PMC, PC) - Programmable logical contro is the part which
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creates the interface between the control system and the machine.
The control system manufacturer provides only the hardware and
softwvare means of this part. The machine eclectrodesigner 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 communication with the operator panel and
the control system peripheries. It 1is 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 wvith 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. Their performance in a field of
the mathematical calculations is often increased by the
ariti.actical co-processors, in a field 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 MByte and the cash type DRAM work memory. Also several
support circuits (interrupt, control of the bus) is often on the

same unit. The communication with peripheries uses mainly serial

FINAL REPORT, VOLUME II, Page 123




RS 232 - C interfaces in the modern CNC systems. Sometimes they
form the special wunit, but sometimes they =&re included in the
processor unirt.

The unit for the communication with the machine tool is
called Input/Output Unit. The inputs used to be optically
separated from the wachine end swvitches, the outputs are rated at
0.2A 0,4A 1A 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 RAH type
memory with the battery back-up. Its capacity depends on the
users specification and changes from 32 KRytes to 1 MByte.

The Operator Panel exists in two design variations. The
older uses a design typical for the terminals of large computers.
The panel has its own 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 RAM memory in the
system and the communication is of 1he 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 wunit 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. The unit exist in analog (older) or digital (newer)
version. Basically there are two variants - the active unit, with
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 with all
units on one central bus are limited by the bus through transmit,
that decreases the ability of the parallel working processors.
The solution with several buses is powerful but expecnsive.

The cheapest one processor systems, with one common
processor for NC, PLC and COM parts, are not restricted by the

performance of the central bus, but they are strongly limited by
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the necessity to divide the operating ability of the central
processor between the tasks 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 ( chapter 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 own processor unit. The communicatien between these
areas is through special "more-gate memory” or through a memory
on ths 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 four NC programming, communication with
the host computer, user comfort in the file managment area etc.
The newest results in these fields can be incorporated into this
type of the control systems only by the change of the computer
software. The common connection of this IBM-PC computer v{th the
control system is the way of connection of the data periphery.
Sometrimes there are the special gates between 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 software design and its structure.

The design of the CNC software modules depends on the tire
demands of the simultaneously active tasks in the logically
independent NC, PILC 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

contraol. For the common extend of the working speeds (10 m/min)
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and common curves of the generated trajectories is this NC time
interval § - 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 is S or 10 times shorter and it is often
served by a processor of the differential wunit. The NC area
communicates with the machine through NC - PLC window; the
interval for this communication is 50 - 100 msec.

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 window. It 1s 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 1little 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
Priority, the operating system makes possible to continue the
execution of the interrupted task after all the programs with
higher priority have been finished.

The tusk, which is superior over the operating system, is
the <(ransfer 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 basic time

FINAL REPORT, VOLUME II, Page 126




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 1lower 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
wvaits for the messages from other tasks or from operating system.
After receiving the message the task starts its activity, solves
the message, sends messages 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 S0 man-years. It is suitable to use all modern
information means 1like high programming 1languages, 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 between using modern
programming technique with a shortening the software developing
time and fulfilling the users demands without expansion of CNC

hardware.
5. Basic data of the CNC NURIS systcms

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 was made by VUOSO, the hardware design by
VOAP and the production by KEizik.

The system is determined for middle degree of the machine
tools intricacy. There are two variants - for milling and turning
machines.

From the user point of view 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 type of the
display pictures, the programming language has three degree ( ISO
standard, programming language like Pascal with arithmetic, logic
and control functions and the graphic dialogue for programing
from the drawings), the simultaneous cutting and program
preparation is possible.

The system has also a possibility for completing the high
demands of automation (an adaptive control, an active control
with touching probes and sensors, the systematic errors and
temperature errors cbmpensation etc.)

The hardware structure corresponds to the system with 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 te 512. The display
is monochromatic 12" with graphic possibilities (fig.7).

The software was developed in accordance with principles,
described in chapter 4. It takes approximately 0,5 MByte 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 with lower priority mainly Pascal. The module

structure e¢nables the next development of the system.

The OCNC NURIS (fig.8,9) could be marked 1like the middle
class CNC control system with some luxury functions (like Fanuc
0, Sinumerik 810, Bosch CC 100).
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6. Situation on the Czechoslovak CNC market

The electronic production in all countries of the former
Eastern European block ( USSR, CSR, NDR ....) was characteristic
by relatively high technical level of the design but a low
production quality and reliability. Basically it was impossible
to use imported electronic clements 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 the 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, after great hardware redesign and after imported
some special integrated circuits, in a relatively very good
quality, are these systems rather the evidence of the good
standard of Czechoslovak research and design than the effective

productive device.
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Jifi Pu j m a n, PhD 1993

RETROFITTING - THE WAY OF EFFECTIVE USAGE OF THE OLD MACHINES.

Summary: This paper deals with simple retrofitting method of the
old machine tools by the modernization of their
electronic equipment. The attention is given mainly to
the completing of the conventional machines with the
position measuring systems 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 1long 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 pushing 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
and powerful one.

The retrofitting is not the special soclution for the Czech
republic with its nowadays economic troubles. It is the way how
to modernize the prodiction park of every company with limited
financial means. It is very often used in many European countries
as Austria, France, Dutch etc. 1In every from these countries are
compahies 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 method 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 for the machines in very good
technical state. The rebuilding is often done with the help of
subassemblies composed from gear boxes, drives and measuring
systems which are connected to the slide (tables or supports)

instead of manual handles.

3.The retrofitting steps.

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. Mainly
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 the factors, which
determine, if the modernization would 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 mcdernization. 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 (laéer
interferometr).

4.The means of retrofitting.

T:i2 main effect of retrofitting and its price effectiveness
is in the fact, that the main part of the job 1is 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 readout, electric drives and electronic ccntrol units
from standard suppliers. The main 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 clamped 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 suitable from all points of view. The name is LIMAT.
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5.LIMAT - linear measuring systen.

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 1is highly
reliable with long service life. '

It is inductive cyclically absolute measuring device 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 output is amplified and
transformed into standard incremental form in special electronic
unit INDUKT, 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 smal) claim on expensive machines
or spec.al technology. It can be recommended mainly in countries,
where the capital for modernization of machinery is limited.
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STATE OF THE FLEXIBLE MANUFACTURING SYSTEMS (FMS) CONTROL IN CSFR

Summary: This paper deals with Flexible Manufacturing Systems for
wmachining. The structure of this systems is described,
mainly from control point of view. The level, reached in
CSFR is characterized.

1. The FMS as Means of Smiall-lot Production Automation.

The efforts pursuing the increase of small-lot production
effectiveness have led from simple utilization of numerically
ccnirolled (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 can
be more easily planned , checked and consequently also managed
and controlled either by a dispa:cher or by a computer. Human
participation in the FMS production process is -limited
practically only to the input and output places of the system.

The FMS systems represent 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 central control system, which
continuously keeps operation of all subsystem under review. The
control system’'s optimization programs striving for highest
possible productivity of the system, make possible to pass the
most advantageous commands, relating to the next operation, to
all subsystem. Emphasis is laid on " high intelligence " of all
controlled subsystems which prevents of overloading master system
with information about such failures they are capable of coping

with themselves.
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Great attention must be paid to an easy identification of
all workpieces. tools and production aids in the system, so that
the related information lost due to a control system defect could
be automatically restored. In places where human intervention
into information flow 1is necessary, a consistent checking of

input information must be carried out.
2. The Design Aspects of the FMS

Every production system is composed of the three main parts:
a) the workplaces
b) the storeplaces

¢) 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
stare places) or by the flexible way. (fig.1b) (the
transportation 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
flexible manufacturing systems, the means of small-lot
production.

The FMS systems can , from the space point of view, form
a linc along the store places. Than a rail transportation system
is convenient. (fig.2a) . The same is good for the systems with
central  storage (fig.2b) or with several production lines
(fig.2c¢). The small FMS systems can be rcalized also in a circle
form with the central transportation robot (fig.3) . The most
flexible systems have workplaces freely situated in space. The
transportation between them  is rendered possible by inductive

- led tracks or by NC portal cranes (fig.4).
The basic FMS subsystems are:

a4) The production machine tools often 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 work 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 reports the results. The work aspects are
again similar as 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 and 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 1input 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 controlling 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 FMS 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 ail 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 the 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 results of the previous day. In
addition, elso 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, but also the keeping and managment of the

central technological data base.

2) The ON LINE operation , mainly the direct control of the
production process, c¢mbracing the control of activities of all
equipment employed in the FMS , with firm feed - backs.

The FMS operation is controlled by the production process

control (DNC) comnuter. 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 contreol structure in the FMS can be divided into three
groups:

1) Production Process Control System (DNC -level):

In hierarchical order this is the uppermost control system
in the FMS; 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 c¢ommands coming from the DNC system
according to the momentury 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 working operations. These
subsystems have a high-grade “intelligence” of their own and
"liberty of making independent decision”. In some cases they can
even control directly the final control elements of the managed
units, sometimes they generate commands for control systems of
the lowest grade. They puss 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 commands
given by superior-grade systems and  input signals f-rom machine
end switches, directly control operation of final functional sets
it means the relays or contact switches. Practically, they cannot

make any decisions - they 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 Software

The design of the control system hardware structure 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 solution of the interconnection CNC and PLC levels
to the DNC was the same as in the former case, by special
interfaces. The uctivities of the DNC computer could be divided
between several smaller computers ( 1BM PC coﬁpatib]e )., the DNC
computer served only as "translator or communicator” (fig.7).

The most  progressive FMS systems use the powerful Control
Network for all - CNC, PLC, DNC communication and also for
conncction 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 between computers and control  systems producers.

The great deal in this field had made the General Motor Company

with the proposal of the MAP ( Manufacturing Automation
Protocol). This protocol has 7 levels like the 1SO computer
communication standard. The lower Jlayers solve point-to-point
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connection, the middle the reliable transport way 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 without
preliminary knowledge which control systems and from which
producers will be used.

Software of the FMS system is always 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 new user demands.
5. The state of the FMS systems in CSFR

There were strong tendencies for the FMS building in CSFR
10 years ago. After completing several Integrated Productional
Section - the NC machine section with central transportation
system, the relatively great government projects for FMS started.
These projects were coordinated by V00SO - Research Institute of
Machine Tools and Machining, where was also solved the control
part of the whole system. b
Three typical solutions as a "key " installation were realized.
It were the large and small systems for non - rotating parts and
the system for rotating parts.

These svstems were 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 FMS systems were interrupted several
years agu. 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 400 for Non- rotarting Parts in TOS Olomouc
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The most progressive Czechoslovak FMS system was the FMS
400 for machining of nonrotating box type workpieces 400 mm in
size, which was completed by the =nd 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 TH is to be understood 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 1linear
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 td 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 vrogether with the TM
magazines comprise a common store of the FMS 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
pallet.

Checking of workpieces is done on automatic measuring
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(inspection) machine. During the production the workpiece is

wvashed and cleaned and thermal stabilization before measurment is
carried out. Human participation is 1limited to the input and
output areas and to the workplace, where the workpiece is reset
for the next operation.

This system enables the fully automatic function of the all
workplaces, stores, transportation and manipulation subsystems
except the input and output places where 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 between 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
vith the other control devices is done by special communication
lines.

Also the structure of the control system software
corresponds to the different 1levels 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 1level. 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
systems. 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 FMS structure is the CNC system NS
750 for a TM control (fig.16). It was a very efficient system
with possibilities of controlling a group of TM and easy
communication with DNC computer. Nevertheless its minicomputer
base, the system was relatively 1long time produced for the CNC

control of complicated machine tools.
7. Evaluation of the FMS Control Development and its Future

The present situation in Czechoslovak industry, the
stagnation of the machinery and crises in the electronic, caused
partly by the world disarmament, 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 FMS's vould be highly
profitable, since the costs of their production also included
expenses incurred by the research and development of a number of
new equipment. It is however an undeniable fact that the
research, development and production of the FMS have brought
about a considerable numbcer 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 assert.

On the basses of the above mentioned facts we hope that also

Czechoslovakia contributes to general CIM activities.
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Jifi Pu j m a n , PhD 1992
THE FMS TRENDS FROM EMO EXHIBITIONS

Summary: This paper deals with basic trends and tendencies, which
can be gained from analysis Flexible Hanufacturing'
Systems and their modules, exhibited on 4 last
international EMO shows. The main attention is given

mainly to the point of view of the control strategy.

The subject of this paper is to explain the tendencies and
trends, which we can anticipate, after the analysis of the EMO
exhibitiors, history of which is described in chapter 1. To do
$0. it is necessary to unify the common meaning of terms FMS,
FMC, DNC., CNC, PLC, what is done in chapters 2 and 3. Chapters
4. 5, 6. 7 describe shortly the main features, observed in this
field on EMOG6, EMO7, EMO8 and EMO9. Chapter 8 tries to evaluate
the collected information and to show the trends for reasonable
design  of FMS's and FMC's. Vith some imagination, this can be
seen  from the table, which is at the end of this paper. The
numerical data have been gained from computer data service on EMO
exhibitions. The most important exhibitors were visited and the
serious facts, which are here presented, has been checked by the
discussion with them. However the data could be a little
distorted by the place of the exhibition (EMO in Hannover is

bigger then the other two).

1. The EMO cxhibirions as an indicator of the technical progress.

The  EMO cxhibitions has been for more then 17 years the
largest European  international shows with cutting tools,
production wmachines (machine tools, forming machines, machines
for new cutting technologies), robots, manipulators and their

integrated application in  Flexible Manufacturing Systems (FMS)

and Flexible Manutucturing Cells (FMC). Very important is also
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the part of the exhibition, dedicated to the control technique
(PLC. CNC, DNC) and softwvare applications for CIM field.

These shows become 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 are
not orivnted exactly on the sale, like the most world known trade
fairs (Metav-Dusseldorf, Germany, Componenta-Klagenfurt, Austria,
MSV-Brno, Czechoslavakia ...), 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 rtowns (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 cou.d be built from the NC and CNC machines, robots,
manipulators and suitable control technique, much more

effectively, then the fixed production lines.

2. Basic characteristic of FMS and flexible cells.

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 can
be more easily planned , checked and consequentiy also managed
and controlled either by a dispatcher or by a computer. Human
participation in the automatic FMS production process is limited
practically only to the inpur and output places of the system.

The degree of autdmation in the system varies very much in

FMS's of different producers. Also the structure of the systems

changes. I1f we want to compare the exhibited systems, we must
define some minimum configuration, which can be still considered
FMS or FMC.

The minimal FMS or FMC is considered to be composed from at

least two working technelogical modules (NC machines or machining

centers,  checking  or measuring machines, washing or cleaning
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machines, manual working stations etc.), interconnected by the

means of interoperation transport (robots, manipulators, rail or
inductive guided vehicles etc.) with some storage possibilities
(racks, shelf stands, storage tables, magazines etc.) and
equipped with the control system, which synchronize their
operation. The central transportation system secures at least the
automatic transport of workpieces.

Real "flexible” FMS or FMC is to be considered the system
with possibility to change production program without operator's

interferences.
3. Characteristic Features of the Individual FMS Control Levels.

From the aspect of control the FMS represents a complicated
regulating - system which 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 vhich-have
loose feedbacks often implemented by a man. The main function of
the OFF LINE actions is planning and preparing the production
process control, preparation of all the technological data (NC
programs) and also the keeping and managment of the central

technological data base, often with connection to CIM field.

2) The ON LINE opcrations, mainly the direct control of the

production process.  embracing the control of activities of all
cquipment  employed in the FMS |, with firm feedbacks. This is
secured in three different levels by:

1) Production Process Control System (DNC -level):

This is  the uppermost control  system in the FMS; it gives
commands to the individual controlled subsystems, but does not
control dirvectly their operation. It also forms an  information

base  of the whole system; it utilizes a control minicomputer
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capable of the real time control and is ready to cope with the

work dealing with extensive amount of data sets.

2) Contrel system of technclogical modules, measuring and
checking stations (CNC-Level):

These subsystems handle the commands 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 or NC program. They have a high-grade
"intelligence” of their own and "liberty of making independent
decision”. In some cases they can even control directly the final
control elements 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 switches, directly control operation of final
functional seis it means the relays or contact switches of the
electric devices. Practically, they 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. EMO 6 th. - 1985 Hannover (Germany).

That exhibition was the first one, having indicated the
meaning  of FMS for industry and economy. Nearly every machine
tool producer tried to design the new machine as a module, which
could be easily incorporated into FMS system (from mechanical
point  of view). The connection to the control systems was not
solved by u satisfactory way. The exhibited systems were realized
mainly by the special software firms which had bought all the

necessary  hardware equipment (machines, transportation systems,

FINAL REPORT, VOLUME [I, Page 159

y 91




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, [IBM, Digital) was connected with CNC systems of
different producers. The communications line wvere not
standardized yet. The advantage of this solution was the
possibility to design very different communication interfaces on
the computer side. with respect to the CNC solution. The
communication lines has been usually serial, based on RS 232C or
higher, but also parallel lines existed.

Nearly 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 module 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 robort.

There were great innovations in CONC area. SIEMENS came with
"channel structure”, it was the ability to control simultaneously
the action of several processes. The handling of CNC was made
easicr by using MENU technique, programming got the possibilities
of the computer lunguages, operator panel was dlvided to system
and machine parts. More then 100 producers exhibited the own CNC
system.

PLC were more and more often integrated into CNC systems.

Programming languages have changed from assemblers to the ladder

diagram or STEP 5 lunguage used by many west European producers.
The number of exhibitors was around 80,
The EMO 6 th. was an evidence, that FMS revolution started.
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5. EMO 7 th. - 1987 Milano (Italy).

EMO 7 th. proved the growing interest of the control system
builders in the FMS area. They saw the 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 the
control network, but no standard for the meaning of messages in
it. So they were very grateful for any activity in this area.
They invited very enthusiastic the MAP communication protocol,
previously developed by General Motors for unifying of the
communication in company FMS systems, not regarding on type and

producer DNC computer or CNC and PLC systems. They started to

prepare their control systems for this protocol, simultaneously :

looking for cheaper solution. They also recognized the good
business article in DNC software and started to create the common
useful software modules and from them to configurate the DNC
system. They needed to connect DNC and CIM computers, what could
be easily done using standard computer network.

The whole system was again organized in the star-like form
around the DMC computer, that used to be connected to the Local
Area 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 split between more
computers in LAN. The central computer served then more as
special communication translator from LAN protocol into messages
for CNC connected on serial lines RS 232C or higher. The
advantage of this solution, it was the possibility to design very
various CNC communication interfaces, lasts.

Some of the largest CNC producers offered simultaneously the

possibility to connect the latest CNC into the LAN directly and

to use the DNC - PC  effectively for real DNC functions (Siemens,
Mitsubishi - Traub). As the complete MAP solution was not been
ready yet and it was very expensive, the cheaper protocols
(LSV2, Mini MAP) or communication lines (RS 2.., Ethernet) were

frequently used.
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There were less special "key” solutions cn the big computers

(Comau, Mandelli, Renault Automation)

The number of firms offering the DNC system rapidly grew up
to 120 exhibitors. Number of exhibited FMS for :box-typc
workpieces increased to 30, number of turning FMS 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 FMS modules.

The transportation systems for milling FMS were 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 8S.

PLC were mostly designed from the slice processors. The
independent positioning units were typical solution for .
simultancous processes in CNC systems without channel structure
possibility. Between programming languages appeared also Pascal.
The number of exhibitors was growing up to 100.

The EMO 7 th. changed FMS revolution in mechanical parts
design  into revolution in standards of communication in the

control structures.
6. EMO 8 th. - 1989 Hannover (Germany).

The clear trends for building economically effective FMS and
FMC could be obscerved at all machine tools builders. The starting
investments into this field were very high and only small number
cf  customers could afford it. The solution seemed to be the
building these systems "STEP BY STEP". The customer bought at the

beginning only the FMS module, which price was nearly the same as
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machining center. After this module had earned enough money, the
next module was bought and connected to the transportation system
and control! system. The idea was to do so without wasting
anything, what had been previously installed. The KTM company was
one of the best in it. Ve could see the results of struggle for
good communication standard in control system area. In spite of
that the MAP was not totally standardized in all layers, many
firms huad necessary hardware and firmware packages prepared
(Fanuc, Siemens, Mitsubishi, NUM). DNC software was very often
offered by control system producers as set up from parametric
modules.

The netwvork solution became standard for new systems, old
systems arce  connected by special intelligent DNC terminals, the
star-like form was very seldom. The personal computers were
typically used. Computer of the high performance (VAX, HP, IBM)
were used only in small number "key installations”™ (Comau,
Dorries Sharmann). As the complete MAP solution was still not
ready, some more simple protocols overruled in Europe (LSV2,
MiniMAP) and also some cheaper communication lines
(Ethernct-SINEC H1, Bosch Plant Bus, DEC-NET) had been often
used.

The number of firms offering the DNC system again grew up to
200 exhibitors. Number of exhibited FMS for box-type workpieces
changed to 235, number of turning FMS increased to 15 and there
were  around 20 others FMS or FMC exhibited. 75 machine tool
builders offered the milling center like FMS module. 45 offered
the turning center for the same purpose.

The exhibited FMSs were much smaller then in previous years,

composcd mainly only from two working modules like FMC. That was

the reason, why only the manipulator or robot was often used
instead  of the  transportation system. The store was created
mainly by tix store tables or simple magazines.

There was again a very strong new trend in the CNC area. The
CNC producers  connected personal computer into CNC structure by

both way - like periphery  or like the fix part on PC bus. The
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user ygot this way not only the large memory capacity for NC

programs  and technological data, but also the possibility to
include some  computer methods for NC  programming or for céontrol
network communication (Philips 5000). The new tendency for open
structure huardware and software seamed to become real (ECS,
ELSAG) . In spite of that the number of the exhibitors decreased
to 80.

Selfsrtanding PLC sysiems have got some new luxury functions
(operator panels with color graphic, keyboards) and they were
more and more similar to computers than to simple controllers.
Between programming languages appeared computer Basic. The number
of exhibitors was nearly 120.

The "STEP  BY STEP" tendency for FMS building was the main
feature of EMO 8 th.

7. EMO 9 th. - 1991 Paris (France).

The great stagnation in machine tools indus{ry caused partly
by the pcaceful tendencics in  the word policy and disarmament,
and partly by the crises of the market in past socialist
countries could be seen on  the whole exhibition. All producers
tried to rind very economical solutions, the new development
practically stopped. In FMS and FMC building has won the trend of
the Step by step solution. There was a great cooling in  MAP
network dnstallations. The big CNC producers had the hardware and
software ready  in reasonable price level (Fanuc, Siemens, NUM),
but the standard of the upper layers of protocol was not ready
vet  amd  so the  cheaper  scolutions won  (LVS 2, MiniMap). DNC

software  was usually  composed from standard parametric modules

designed by control system producers.  Very interesting feature
appearced  an o some simple DNC computers or  computers closely
cooperattoge with them. It is the trend to solve the problems of
the  technological  (NC o programs), organization (planning) and
ceonomical (accounting) preparation  of nroduction and production

manaynent o very simplitied form often without the central data
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base facilities.

The Step by step trend led to connection  of earlier bought
CNC to special intelligent DNC terminal, or again to the
star-like form ¢: network on serial RS 232C 1lines. The personal
computers were -ypically used. Computers of the high performance
(VAX, HP, IBM) wzre used again only in small number expensive
"key installations™ (Mandelli, Dorries Sharmann).

The total number of firms, offering DNC systems was not
possible to find cut exactly, probably again around 200. Number
of exhibited FMS «vstems declined to 15 for box-type workpieces
and 3 for turning and 15 others even though the number machine
tool builders offering the FMS modules was nearly constant 85
milling centers. S0 turning centers and 40 others. Only few FMS
or FMC with nove then wwo working modules were exhibited. The
transportation system in small FMC was typically manipulator or
robot with some store tables around it.

In the CNC area was possible to see the growing up
performance of the hardware (Fanuc RISC processors). The control
system for standard machine tools was mostly from biggest
producers (Fanuc, Sicmens, Heidenhain, NUNM, Mitsubishi). only
untypical machines guve a chance to other producers mainly with
promisable open structure hardware and software. There were some
exampics also  based on industrial computer with motion
controllers. The PC (computer) built in the core of the system
was not  so widely spread as it had been forseen after the last
EMO. Number of exhibitors again decreased to 70.

selfstanding PILC systems were more often designed as compact

small units with possibility to be connected together and with
optional dJdegree of  uscr comfort. The most spread programming
languages  were  probably  Ladder diagram, Step 5 and computer
Languaye (Pascal  Basic.(C). The number of exhibitors was growing
up to 130

On the EMO 9 th. the  ECONOAY became the main limitation for

FMS building.
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8. Conclusions - trends of FMS development .

After the great entrance in middle of 80th. there was
a recognizable cooling dovn in FMS an FMC field after 1990. The
attempts to build wup fully automatic factories with large FMS
systems are 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 FMC from 2 to

5 wvorkplaces, which could be easily build, used and govern.

From mechanical point of view are these FMC's composed from
machining centers. Nearly each producer of machine tools broduces
the variation 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 controlled axis (spindle, rotary table) and with a chain
or plate magazine for 30 -160 tools, between them is often the
touching probe.

For the rotary workpieces it is often used the turning
center again with 5 or 6 simultaneously conirolled axes ( 2
spindles, 2 turrets with 12-36 tools).

The mwilling and turning machines are not combined in one
FMC.

The central  transportation system for box type workpieces,
transported on rechnological pallets have most often the form of

the Rail Guided Vehicle. The inductive GV is more an exhibition

solution. The connection to the machine is often done by
manipulators, having the form of shift-over or rotary tables. The
store bas the form of racks or store tables.

The  wmunipulation system  for rotary workpieces is usuually
realized by interconnection of single or double portal robots of
the dndividual turning centers. Store  is on pallets for flanches
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or on drums for spindles.
The tool rtransportation between machines is for cheap

solutions untypical.

From the control point of view is the system govern by the
control network composed from DNC computer and OCNC and. PLC
controllers. Vith exception of large projects, DNC computer is
most often the powerful personal computer. More, then very
promisable communication protocol MAP, are used some smaller firm
protocols (DNC1,2 - Fanuc, L3V2 - Siemens, Heidenhain, MiniMap
- Bosch). However all this producers enable to choose the
protocol type, like an option for CNC. Probably the most common
communication line today is the Ethernet, often connected to the
factory network. The trend to build the FMS Step by step leads
the DNC rcalizators to the solution to connect into the network
also CONC controller without network ability, by using special
intelligent interfaces between CNC systems and the DNC computer,
or to 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
control system producers or software firms. It has usually an
open  structure form under the crganization of the real time
operating system. Its main function are to control and
synchronize the function of the all FMC-FMS equipment automaticly
or in dependence on  dispatcher commands, to communicate with
operators  in input and output stations or stations for manual
operations., to provide the dispatcher with status monitoring,
material flow monitoring, diagnostic, to control NC programs and
technological data  managment, tool managment and newly also to
help the manager of the workshop to plan, schedule and often also
evaluate the cost of orders. Number of DNC software producers is
growing up, which is the word trend in all clear software areas.
That can be an evidence that hardware communication problems are
already solved.

CNC systems has  got in described time period several new
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features. The main is probably the channel structure for
simultaneous controlling several processes. The next is user
languuge which makes possible to change the basic systen
properties (Custom macro, CL 800). The special machines will
probably use the advantageous of the CNC build as open structure
system. The rends to integrate standard PC computer into CNC or
to built CNC on industrial PC with motion controller have not
convinced yet for the standard applications. The fact, that the
number of CNC producers is decreasing is an evidence, that CNC is
very complicated field with close connection between ingenious
hardvare und software, where only strong an experienced firms can
succeed.

The main changes in PLC area are probably in user
programming teciinique., which has changed to the most spread
Ladder diagram and Step S languages. More universal computer
languages have changed from assemblers to Pdscal, Basic and
C language. The powverful position units serve nort only in
independent PLC., but also in CNC systems for the conirol of
manipulazors. In selfstanding PLC can be seen the tendency for
modular solution from small compact units with great optional
possibilizies.

The hardware performance of all the electronic solution has
grewvn up  enormously. But like in the machine area also in the
control field., only these solutions are living, where the user

gain is higher than the price of innovation.

Ali described EMO exhibitions proved very clearly that any
teciinica! revolution has no effect, if there is none cconomical
profit from it. The most reasonable way, from today point of
viecw, is to develop the modular FMS systems, easily expandable in
both. their machinery part and their control area. ‘the Step by

step tendeney is sure the best one.,
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The survey of the FMS main features,
which could be seen on intermational EMO cxhibitions of machine tools

mach:ncs are designed as FMS
module (connectable to FMS).
Exhibited FMS are "The key
installations” produced by a
software firm_or the realizator

systems gain the communication
ability.

The communicalions protocols

originate (LSV2, MAP, MiniMAP),
Suess on contents of messages

without wasting parts, used before
expansion

The communication network is used
in the conuol field

The EMO exhibition 6. EMO 7. EMO 8. EMO 9, EMO
term place {1985 Hannover (Germany) [1987 Milano (lwaly) [1989 Hannover(Germany; 1991 Paris (France)
Main features of the exhibited The machine tools producers  |The control system producers enter  [The tendency to build the FMS's  [|The stagnation of the machine too!
I°MS systems & FMS moduies  [enter into IMS field. The new  jinto FMS field. The CNC control  |"STEP by STEP" -it is expandable, [industry

The trend to build FMS cells- FMC
instead of large FMS systems.
The support for NC programs
management and organization of
the production in DNC

Number ol exhibited

* rcally flexible system

*really flexible system

*really fexible system

*really flexible system

The sofiware system supplicr

User, Software firm

User, Software firm, Control
system manufacturer

Control system manufacturer, User,
(Software firm)

Milling FMS systems/modules 20 (5% 7 75 30(6*) / 70 25 (6" / 75 15 (7*) / 85
Tuming FMS systems/modules 10 (3*) 7 35 10(3*) / 60 15 (4%) / 45 8 (3*) / 50
Other __FMS systems/modules 8 ? ? 50 20 15 / 40
DNC “Key" installation Open installation (Partly) Open installation Open installation - user oriented

Control system manufacturer, user,
machine tool's producer, (Software
firm)

Fixed software modules

Parametric software modules

Parametric software modules

DNC One purpose software block

The way of realisation '

DNC Large or Mini (IBM, PDP, HP) [Large or Mini/Micro  (personal) {Personal or several personals Personal or several personals

Type of DNC computer PDPI11, VAX, MicroVAX, IBM- |(Mini/Micro) VAX, [BM-PC IBM-PC, (Mini or Work station
PC DEC, HP)

DNC; software offer 40 exhibitors 120 exhibirors 200 exhibitors 2
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DNC
The typical structure

CAD + CAM = CIM area

Data transferred by man
DNC
—

/
CNC1 CNC2 CNC3

Star-iike structure

CAD+CAM+CAQ=CIM area

LAN Local area network
I

CNC1 CNC2 CNC3

LAN between computers
Suar to CNC controllers

ICC-CNC1$-CNC! CNCI CNC2
ICC-CNC29-CNC2
ICC-CNC3 +~CNC3

LAN between computers and
modem CNC

Star or intelligent cell controller for
old CNC

CAD+CAM+CAQ+CAP=CIM area
LAN

DNC14 DNC2 -DNC3 DNC4
ICC-CNC1¢#CNCI [\CNC1 ¢CNC1
ICC-CNC2$ CNC2*CNC2 $CNC2
ICC-CNC3+CNC3

Manager
The same as on EMOS8, but many
self standing islands with Manager
and NC programming support

Type of communications lines &
protocols

Special , serial RS232C or
higher RS...

serial RS..., or office Ethernet
LSV2, MAP, MiniMAP

Ethemet, (serial RS..), MAP
LSV2, MAP, MiniMAP

Ethemet, (serialRS...) (MAP)
LSV2, (MAP). YiiniMap

CNC
News in the ficld

Number of exhibitors

Channel structure,
oricnted programming language
wide NC-PLC window,
operator MENU technique,
separation of the operator
system & machine panel

100

computer-

32 bits structure -Mitsubishi, Fanuc
Custom macro-Fanuc, Basic-Bosch
CL 800-Siemens.

Tool Management system, AC,

AK

Touching measuring probes

85

IBM-PC compatible computer in the
core of CNC- sometimes with a disk
drive, like periphery or sysiem part
(Philips 5000)

. Motion controllers

Open hardware &software struciure
80

RISC processor in the CNC- Fanuc
Open hardware & software structure
for special systems

Connection to theIBM-PC for NC
program management and DNC
production organisation support,

PL.C
N=ws in the field

Number of exhibitors

Integration into CNC systems
programming : Assembler,
STEPS, ladder diagram

80

Independent positioning units
programming: like on EMO6+
Pascal

100

Luxury operator panel for self

standing PLC sysiems

(display with color graphic).

Programming : like on EMO7+ Basic
120

The orientation for small & compact

PLC units, but with great comfort in

the user area

programming : like on EMO8+C
150




FMS — Flexible Manufacturing Systems

FMS = EXECUTIVE,.. + CONTROL ,..

EXECUTIVUE part of FMS is composed of :

STORE
rlaces

Bazic FMS SUBSYSTEMS

A4 ¥
HORK TRANSPORT
places neans
are !

a) TECHNOLOGICAL MODHLES {NC machine tools, washing and cleaning machines)

b)Y IMSFECTION MACHINES ¢Measuring and checking machines and inctruments)

¢) MANAL WORKSTATIONS (Flaces fer manual cpesztions, clamping, setting)
4> TRANSPORTATION SYSTEM (For workpicces, tools, production aids. chips)
2) MANIFULATORS and RGBOTS (For workpieces, iccls, production aids, chips)

£) STORES (For workpieces, products, tools, preduction aids)

g) THPUT and OUTPUT (Fer workpiecss, products, tools, production zids)

M3 Structure fig.0
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TESTING OF MACHINE TOOLS

STANDARDIZATION
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GUIDELTINE

. .
for getrology organization and

activities
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Scope

The tasic principles for metrology or,anization and
activities in the ceasuring and wanufacturing process
are given in this docuzent.

Terminology

The following terms are used for the purpose o this

guideline :

Etalon (Z) - xzeasuring equipment in the laborsztory or/and
in the factory which serves to tie realize-
tion and preservation of particular atardard
unit of messurement ‘unit of the length,ungle,
-eécperature, noise e.t.c.) ax?! to the trans-
=ition of this unit on the Teasirlrn;; eulp-
~ent of lower accuracy {cali%reti-rn o the
T.easuring eguiprent of lower aceracy)
ote:talon may “e used “or the measurerent
(in this case it is working etalon ¥E) but
only in the measuring laboratory or in the
testing room, when the freqczy ~° usd/

It may not be used for ~easurement i: the ma-
nufacturing process,

Determinate measuring equipment (LYXE) - measuring equip-
cent which was detreminsted for periodical
compulsury verification (culibrstion) in the
national metrology institution.

Note: DKE can te etalorn {Z) and the worxing
etalon (WE) as well.

Working measuring equiprent(W¥Z)- measuring equipment
used only for measuring purponses in the ma-

. nufactoring process

——— - . - - - -~ - e e - -

* can not cause the loss of its accuracy.
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3.1

~

+

3.2

-3 -

Calidbration of the measuring equipment

Calibration of the determinate measuring equipcent

This calibration shall bte carried out in the national
metrology institution according to the national resgula-
tions.

The first calibration shall be done hefore the measuring
equiprent is started to be used.

Every other calibruation shall be provided if:

a) the validity of the last culibration is over

(periodocal calibration). The cerio? of cali-
braution is Jdeterminated by the nutional cetrolosy
institution,

b) come chanires have heen Zdone and i7 thense chunges
zight influence its accuracy

c) the measuring equipment has been ducaged ir. the way,
«hich could influence its accuracy

d) it is apparent, that the measurin, ecuiprent tecomes

~~ incorrect

Calibration of working measuring equiprent

Calibrstion of the working messuring equiprent shall be

carried out in the factory by means of the etalon (Z)

or working etalon (WE).

The first calibration sh&all be done hefore the messuring

eguipment i3 started to e urcel,

Every other calibration shull te done if:

a) the validity of the last cslibration i=s over {(gerio-
¢ical calibratidy. The period of calibration <hall
b® Jdeterminated by the mefy%gy department in the fac-
tory according to the type of measurin, equipment and
the frequency of its use (max.2 years).

b) =oze changes have been done on the measuring equiprent
and if these changes nmight influence its usccurscy

¢) the measuring equipment has been (unasge? ir the way,

+8) the marking o’ national laboratory hus been dumaged
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d) it is dpparent, thst the measurirg equipcent becomes

incorrest

The scheme of the calibration sequence (trensrition
of the standard unit from one measur:ing equipment to
another one is shown on the fig. 1.

]
Nutional National
etalon etalon
I N -—-’;:Iory
E wE
DEE DA E
WKE WA E
a) b)

Fig.l.

3.3 Environment

The evironmental conditions for calibration <hall
be suitable for te. particular measuring ezuiprent.

4. Docurentation

The recor:! shall exist for each measuring equipcent used
in the factory. Followingshall be stated in the recora:

- naze of the measuring equipment and its manufacturer
- technxcal specification

- canufacturing nuzhber
- evidence nurher
- date of purchasing

Place of the storage and place of the use n® r.easurin,
eciuiprent in the factory
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- period of calibration
- dates and results of calibrations
- repairs of the neasuring equipment, if any, date
- changes of the meesuring equipaent, i? any, date
- name of person responsible for the storage and
use of the measuring equipment
The documentation for E, WE, and WE should be separate

Storage, naintdhanqp and handling

The storage, maintdnsnce and handling ef the rmeasuring
eGuiprent shall be such, that the accuracy &nd fitness
for use is preserved.

Training should be arranged for personnel hardling the
measuring equipment. The proper hendiling and storage
shall be periodically verified.

Crganization

The special metrology department responsible for all

activities mentioned in this document shill be estubli-

shed in the factory. This department shall especially:

- arrange the calibration of measuring equiprcent in accor-
darce with the given rules (see 3)

- maintain the documentation necessary (see 4)

- arrange the storage of measuring equiprent, its rantsi-
nance and repairs, if necessary

- arrange the training for persnnel using the measuring
equipment

- check - up the proper use of the measuring equipsment
periodically

The personnel using the measuring equipment is respon-
sible for the proper use and storage (when not used)
of it. In the case when the measuring equipment has
been 3damaged or if it is apparent, that it becomes
incorrect, the personnel chall announce this to the
metrology department.
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T2371:G OF MATHINE TOOLS

General directives for inspection.
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Scope

The tests in the range necessary for finel ingpection of ma-

chines from batch production to verify all important proper_

ties before the machines are sent to the userare specified in

this document.These tests should be used for'input inspection

of jurchased machines or for the verification of the durabdility

of their _roperties during their use as well.

The following items are specified for each test:

~ conditions of measurement (errangement 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

- dresentation of results

All the tests are in the conformity witk ISG stendards exis-

ting or veing in the last staze of development.

The directives have general form suitsble for all the types

of maciiine tools and on the base of them the specificetion

for tests of perticular type of machine may be easily provi-

ded,

<ote: To lave aind tc use such directives is one of the essen-

tiel rreconditions for Quelity control system certification

of the factory ranufacturinrg machine *ools.

Terminology

The foolowing terms are used for the purnose of these direc-
tives.

cositioned pert is the last zart of the feed drive mechanism
(slide, saddle, head siock, table, quill e.t.c.), the final

pocition of which d4=22ines the dimension or the shape of the

Tor4plece,

fositioning part is the first part of the manual feed drive,
by means of vhich the 2inal position of the positioned part

is adjirted,

Tarzet position »f the positionagd pert is the theoretical

Zinal vosition of ihe ;ositioned part defined e.g. Dy means
ol the poagition of positioning pert, stop, dog or by means
of coordinate  rogrammed {numerical control systen)
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Actual position of the positioned part is the actual final
rosition of the -ositioned part after its adjustment which
does not change if no external actuation is there,The actual
rosition can differs from the target position because of ovew-
run, deformetion of the feed drive parts e,t,.c.

Stop is the equipment, whick switch off the feed drive by actu-
sving the contrel circuit {(e.z. %y rmeens of iroximity switch)
afler ikLe terzet position of the positioned part is reached.
ZCog is the equipment which stops the feed movement of positio-
rned parilLecause it forms the barrier to the next movenment.

‘he power for drive either remains ( tke positioned part is
still pressed azainst the dog) or is switched off as the re-
sult of tiie power increzsing.

zosition. _ ccatrol svstem is the system which provides the
autoraticpositioning of the positioned parts to their final
positiors, The cuiting pProcess starts after the finel posi-
tinns sre reached.,

Rectensulur path control system is the system cf automatic

iatk control either in one or in more coordinates subsequently
(no sinuliznous moverents even in {wo coordinates),The cutting
process tazes paril during the movemert,

‘ortinuous seth conirol avstem is the systerm of esutomatic path
control either in the *two or more coordinetes sinultanously.,
‘he cutiing osrocess takes p&art durirg the movement.

urerical control system is thne system either for the automa-
tic positiorning or for the sutometic rath control, where the
irforriation on Yoth the target position ard the path (shepe,
velocity) is given in the form cf numersls.

--ote: The desiznation foghlmerical conirol is WC(positioring

or rectanguler path control) or CNC (continuous numericsl
ccatrol),

Jelocity constant of amplification of the feed drive (servo)
is the ratio of the positioned rart velocity "v" to the
following error "y,“(thLe difference between the instantaneous
carzet position end tne ect:al position durirg the movement

by the velocity "v")

k, =

2
¥
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Colé condition of the machine is the condition, when the
temperature of &ll perts of the machine corresponds to the
temperature of enviroiment.

General

i:achine

ne rachine tc ve tested shall be completely finished and be

eble to perforr all the functions according to its tecknical

specification.Dismantling of certain components for the test

curpose n&y only be carried out in the exceptional circumstan-

ces in accordance with the instructions of designer (or manu=-

facturer, Ieasured properties must not be influenced.

Foundation

The machine shall be installed upon e suitable foundation and

levelled in accordance with instructions of designer (manufac-

turer).

Adjustment

The machine shtell be adjusted in accordance with the instuc-

tions of designer (menufacturer).

Znvironmeirt

IThe envirorment during the tests s:nald correspond withk .he

technical gperification of the mackine (e.g. temperature and

its variation). In any way the varistin of environment ticripe-

reture shoulé =ot exceed 2°C during the accuracy test,.Tliere

skall bYe no influence of direct therizal radiation or the

flow of the eir from outside,

Seguence of tests

The sequence of the tests in this document corresponds to the

logic of its errangement, It does not determine the actusal

sequence of the tests in no way.

test protocol

’he test protocol cn the tests performed shall be worked out,

in the protocol the following should be presented:

e)conditions of the test - thermal condition of the machine,
temperature of the evironment and
its varation during the test

- arrangement of the mechine parts
(e.2. position of the table e.t.c)
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- loading of the machine
- cutting conditions
- sp-indle speed
-feed rate
- e, tec.
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 (grephs, numerical values)
d) comparison of the results either with the demands on the
machine (which are shown in the technical specification
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 eny of the result does not correspond with the specifi-
cation (rermissible value), the repair of the machine should
take place end the te.st or verification should be repeated.

4 cuality of construction
do1 ~achine
e 1e1 Scone
‘he quality of the construction and its correspondance with
tecnniczl specification of the machine shall be verified.
sspecially the following should be checked up:
- lenzths of rachine parts strokes
- fitiing of casting parts and covers (max. overlaping 2 mm
only)
- quality 2f naiuting
- quality 5f the surfaces of nonpainting parts (no marks of
p2int, no scrapes, surface finish according to technical

9

specification
4¢1.2 lethods to he used
a) visuel
b) measurement 'y means of suiteble equipment (e.fe for lengths

reasurement)
4ele’ Sveluation and expression of results
Az the results .. should be rresented:

a) “echnical parameters found and tile com,arison of them with
vzchinical specification
FINAL REPORT, VOLUME II1, Page 13
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b) List of shortcomings (if eny)

Guideways
Scope
The gurality of the zuidewvays edjustment, their surfaces and
their wipers should be verified.
e) Especially it should be verified:
- if the gudeweys®’® surfaces are not demaged( no scrapes,
no painting marks)
- if the guideways’wipers are not demaged and if their
function is gzood
b) ispecially it should bYe meesured
- 3urface roushness
- hardness of the zuideways
- bhacklash in the zuideways
~etnods to Le used
2) visual
t)-the surface rourhness should be ~easured by means of the
sortable equi.ment for surface rouchness rieasurement at
ieest in three different positions on each surface
-the hardness should be measur:d by means of portable
efuizment for hardness measurement on both ends of each
surface
10uld te measured on both sides of each
»ocitvioned rart 'y neans of dial zauge.The force is epplied
o1 “he neesuraq end of the positioned part suksesuently
in both directions., The measuring is taken in the plane
. trourh voth guideways of the positioned part.

[©

Tigele
FINAL REPORT, VOLUME III, Page 14




te2e3 Zvaluation of results
is the result it should be presented:
£) the list of shortcomings (if any)
%) - mexX.rougness found on eech sur’ace, the cowparison with
the techiniczl specificsation (design demard)
- nin, hardness found or each suriece, the cermparison withk
inisal srecification

- tackl-sh in suicdeweys, co:parison with: technical speci-

de2 Drives
~eZe1 lcope
Jtie guality of acjustment of all machine drives (spindle drive
feed frives) shall de verified. is.ecially it should be mea-
Sureg:
a8) spirdls gpeeds ard feed rates (only in itne case of érives
vita continuous velecity cuange)

Y)Y fluenny of the novement of feed drives
c)efficiensy of épiv g
telel lethoda to he usze

eis nr:d feed ra2tes zhould bte iessured either

£

o of contrcller used for ad usinent or at
en ro

least ¢ n posiiions in the whole ranze uniformly
Jizlosatzd ineluding YLoth exirene poaitions,
S netusl spic 1le speed

8 and feec¢ retes shoulé differ from
o rore than by 10G5.
ae meagsur~ment ia taken by means of the equipuent
Tor gpeed reazuremecl or by means of scale and stop-watch
(in the case of feed rate)
2)he Iliency should be nmeasured for the minimum feed rate
only 1y means of ¢ial geuge.-":- miyvement cf its hand is
retecheds Lo stick-slip rotion should appear (the hand of
e di31 -auzz shonld not stopy.
¢c) ke power of driving moior of eack drive should “e measu=
red, The rax, gspindle speed or feed rate (.r ropid travel)
is used for 'nig reasurement., The power ie measured cn
e input of of wotor by ireans of watt measuring equip~
ment. e jover :cazgured should hHe comparable with the
owT, wich vas found cut on the prototype. If the motor

FINAL REPORT, VOLUME (il, Page 1S




-

is used for the rapid travel only, the power measured should
correspond with the motor specification.,
4¢3e3 Lvaluatior and expressior of results
4As the result it should be presented:
a) The velues of the actual spindle speeds end feed rates,
the compari-son with the theoreticel velues
b) The status of the motion (fluent motion or not)
c) ‘he powex reasured, comperison with the power expected

4¢4 Lubrication
4ede: Scope
<he functiorn and adjustment o2 all lvbrication systems on
the mechine shall te verified., Zspecially it should be veri-
fied:
- if £11 lubricated points ere lubricated in proper way (the
qartity of ludricant should correspond with the purpose).

- If €ll <the lubricating arnd fi%ing points are marked properly.
- if there is no leskage of the lubricant out of the machine
{or; the floor)
- 1f there is no paisting on the nipples
Ge4el Lethuds to be used .
Tha verification I3 to ba done viéélly.
retes -valuation and expression of results
ke the resvlt the list of shorcomings (if eny) should be pre-

- i
genved

+¢2>  Hydreulic equipnent

teCel Lcope

The quality of tie 29sembly and edjustment of the hydraulic

cysten ghall be verified, ispecally it should be verified:

-if there is no leekage of the oil from the hydraulic system

- il the preasures ia all circuils correspond with specifica-
tion

- 1f211 parts of hydraulic control system are properly merked

- if all connection of flexible tubes afe properly marked

FINAL REPORT, VOLUME Iil, Page 16




+eJ3+2 llethods to be usegd
The verification is to be done visually

4023 Zveluation and expression of results
A8 the result the list of shortcomings (if any) should be
rresented

$¢6  Cooling equipment

5.1 Scope

The quelity of assembly ard adjustment of the cooling equip-

ment shaell be veified. Especially it should be verified:

- if there is no leakage of the coolant outaside the mechine. -
The full quantity of the coolant shall be returned back
to the tan: 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 r-zuluze STe direcion and the quantity
of coolant delivery to the cutting process,

- if the mex quantity of coolant delivered to the cutting pro-

Frocess corresponds with the specification.
4e7¢2 Zethods to be used
) visual

b) stop-wetch and calibrated pot for coolant qantity measure-
rent
4e043 Zvaluation and expression of results
ns the result it should te presented:
2) the 1list of shortcomings (if eny).
2) the meesured quantity of coolant, comparison with techni-
cal specification

407 Joztrol ectuastors and displays
4¢Te1 3cope
he efficient, healthy and safe interaction of the operator
with the machine shall be verified, Zspecially it should be
verified:
- the surface of the hendles (no sharp edges)
- the forces on all the actuators (positioning parts), by
meens of which the positioned parts of the mechine are moved.
The forces should be comparable with the recommended
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forces {with forces fourd on the prototype)

lateling of control actuators (completeness,duratility,
visibility)

labeling of the displays

the visibility of the numersals of displays

tae quality of the graduation of scales

wethods to bhe used

a)
b)

visual

measurement of the force on the control actuaturs by
neans of suitable equipment for force measurement

( e.g. spring-scsale)

Zvaluatior end expression of results
AS the result it should be presented

a)
b)

the list of shortcomings (if any)
the forces measured, comparison with the forces presumed

ethods to ‘e -ged .
clearance in tze beari:agzs (usuelly in the front bearing
orly )
g -ing secinl) equipment the radial force is spplied <n the
s:in

Gle in %ne plane of th2 bearing measured ( for the
orlcontel szindls iv verticel direction, for the vertical
5pindle iz 2ny direction) . The Zorce changes fro:m C to

soms me¥. vAlue i1 cne direction, subsequently in the o  --
. °
o -2e 3 ecisl equi;ment serves not only for

zite Zirectio
orc= applying, bu’t for the force meesurement ss well,

1o max, ioarce nust e at least twice more than the force
uecesssary for the clearaxnce eliminetion (for the horizon-
*al gp-irdle it is usuzally *wice the weight of the g;indle).
T tue geme tims the rgdial deflections between tlie spin-

dle and -e spinéle heed 2re measured %ty means of diel gau-

~ ’ LI P
ce (see i, 2)
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4¢8.3 Sveluation and expression of results
e) The deflections measuredere plotted v:rsus the force
applied cn the greph. The clearance 4x in the measuring
point is 2valuated frm this graph (see fig.3).

A
/

ax) | /

>
X )
7
0
- — F —
Mg.d.

‘e actual redial cleerance in the spindle front bearing
should bYe calculatzd using Zormula (1)

1l
] 1 {
slearance = 4X ——- (1)
1,
Joth tihe radiel cleerence end ihe arxial clearance should
ve presented gs tre resuli of this meesurement

n-

P

%) The rmax, terperesture meesured on the surface of the sp
dile nhead should@ b= presented as tae result of he nesting
mez2zurenent

“ote: e ltanperature should not exceed the temperature

of environzernt 3y more than 40° ¢ for normal

. ; o
accuracy maciaines and uy more than 25° Z for pre-
c¢-iszion machines,
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Function

Scope

All the functions and their combinations in the whole range
and in all machine modes shall be verified

“ethods to Ye used

a) The =enual control mode

e grozer Tunction of all control actuators =2nd the res-
vonges of tne mechine shall be verified.

‘he automatic control node

the testing program which contains 211 the functions of the
machine, their changes end combinations possible according
to the machine specificetion shall be used. “he edition
possibilities should 2lso be verified.

(4}
Nt

c) Step by step rode
The sams srogren ez £r the automatic control mode should
Lz used.

nwveluetion end exrression of results

“he list o shortcemings (if any) should Ye presented as the

e3:1%

The ceometric accuracy ieats eccording ISC acceptance condi-

tions of muchines - test code Zor perticular type of macnine

sh&all Ye cerried out.

~2thods to %e used

ke tezst methods rad test conditions shall e in the conrfor-

ity with thie meTeral standerd I00 23C~1: Acceptance code for

Techize tools - Tert i: Teometric accuracy of rnialiines opera-
finishing conditions

wveluetion end nresentaticn of results

rhe eveluation -f resulis shall he in the conformity with

150 23C-1 rentioned a%ove. The deviations measured must be

withain the tolerances . resecribed by ICC acceptance code for

rerticular tyze of nachine,

L

terzatihility of se3iticaing of manual control machines

Ma reneatitility of nosliisning of positioned jarts heing
FINAL REPORT, VOLUME I, Page 21



sel geveral times to the same tarzet [osition !y maens of po-
sitioning part shall te f£5..: cut,
Je2ec :ethods to e used

s

The Jifference tetween the actuel position =2nd some selected
c0gition {usually tkhe the first actual position) of positio-

2} 3 to Te nmeasured. e setting to the itsrget positi-

ed 3y ths defized position of positioning part

should t= repected atl least ten times. The measuremeat is ta-
¥2n near “he cutting sroces point.
5ot shoulé be repeeteéd in three positions of positioned part
P19, 1/Z2 end ;5 of the length of its stroke) for lineer
~ovement znd ia four anguler positions ( 4x9C°) for rotetio-
n2l novenent, everyiire serarately for both directions of the
covemens, Aniotlier az2chire paris should be in their mnicdle po-
citions.
The suitzble measuriag <:uipnent for iength mgasurement (e.g.
iel gauge) ar far ancle ressurement ( autocc;&mator + reflec-

Telel svalanlior ond expr-gsicn c¢f results

Fomneet iTi1il of ogitioning "u" for eech test (position
3T pesiils =Y _spt, Jiveallor of rovement) shell e evaluated
tsinT Terrulz (o) ; "
i ) :
o= & ,-:T.--.- 2 : \Axi Ll dY) (_:)
=1
S " see ciinter 2l mengurecnents
A%... TlIifer-:c¢+ 2 positior for particular
) me2gure et 1 (i47)
A7 ee S¥ovzio L Difeprences megsured
. "
AKX = =~ J 4x, )
LT
e ottt reopeatinhilily of positioning"Rnax" found on eech po-
gitior.d pert shoull U pregzated es tine resulting value.
2

in the caInfornity vitn bechnical specificetlon
0f th= mactine., Cecomsided pernizsivle values of "E &7 ' for
pariiovliar types of nechinzs are shown in the Annex A,
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Repeatibilit.- of rositioring of position corntrol systenms
or ﬁktangular »ath cortrol systems using dogs or stops
scope
The repeatibility of positioning of positioned parts teing set
several times to the same terget position determirated by
wegns oI stop or cog shall be find out,
-ethods t2 he used
Zne gdiffercrice tetrween the actual position ané scme selected
rosition {(usually the first zctual position) of positioned
.art is to he measured.The setiing to the target position de-
tormirated by '“e p-sition of the stop (dog) should be repe-
sted st lesst ten times, Finisning feed rate should be used
Tor the setiing. he measurement is taken near the cutting pro-

The test sl:0:1d to repested ir three _ositios of positioned
part ( 1.2, 1/2 &wd +/5 of the lenztn of ites stroke) for li-
near ncovenent and in four anguler positions {4x90°) for rota-
ticral meovemart, everytime separetely for both directions of

w2 movement, Anotter machine parts should be in their middle

"2 suitztle mszesuriag equiprent for length measurement (e.g.
fial -2uze ) -r for ansle meesurerment (auvtoccllimntor + ro-
flacter 5ould he ised.

Zvzluation zrl expression of results

Tha evaluatlo. and expression of resulis see 5,2.%.

seeursey end relantibility of positioning (Zor JIC end INC
racines g4 for the macnines with mumerically indicated posi-

tions)

e sccuracy and reneatibility of pogitioning in each coorédi-
rete zxiz shell measured

..ettoldy Lo be used

e cezzurenmen. siell be cerried out according to the

120 230 = 2 Acceptance code for machine tools - “art 2:
Tetermination of zccurecy end repeatibility of positioning

o

of numerically couairoled mrechine tools,

ote: Tme zctendard is in She revigio:. stage.
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The mechine shall be in the cold conditions, when the measure-
ments starts

“ie suiiable equi.ment for lergth measurement (e.g. laserinter-
feroneter) or for angle meesuremernt (sutocollimator + polygon)
te _11ced on the machine in such a

should Se uged. It should .
ey, that the ma2gsurement is takien neer the cutting process
~valuetion end expression of results

—valuetion end expression of results shall be in the confor-
with tae ZZ7 230 - 2 rmentioned asbove.The results should
correspond wiih tze technicel specification of mechine.
Rzcommended permissible velues are shown in annex B

Lirear interpolation (for CIiZ machines only)

Jcope

~ne accuracy of the resulting linear path that is produced
hy the sinmultaneouy movements of two positioned parts in two
lineer axes shall %e messured.

~ethods to be used

“he shaps and the position of the resuliin: linear path should
: of sitrzightedse, wnich is clampeéd in the
iece and vy deans of pick -up ‘(induetive probe)
vhlch Is clarped in the place of the tool and touckes tre
ctraighted;-e In the perpendiculer direction(see fig.>5).

||

<

ortedre, the length of which is approximetely 100mm,
stould bte sdjugted approximetely i1 the direction of the re-
sultant movement, e devations meesured should be recorced
ilre, The neagurement snell be take subsquently for
s 07 sovoment | the gane adjustmeﬁt of measu-

verass the ¢
Yot directior
)

n
~ing eoguipnent, the direction of the movement of the recording
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mediuz is to be converted)., The test should be carried out
in all coordinetes plenes of the machine. The inclination
of the linear path in relation to tae coordinate axes should
be 1:1. The velocity used for separate measurements should be
v ooy #0d 1710 Voax (Vﬁax is nax, velocity of feed of the ma-
mechine).

~veluetion e1¢ expression of resulis
che recor? of eech test {coordinate plane, velocity) should

te shown in the protocol (the exemple see fig. 6).

;tra.'jlxtnzsx

ig. 0.

12 distance of the representative lines of both directi-
01 37 movement should he eveluated on the record,

he difference hetween the distances of representative lines
for the velncitises Vma end 17iC Voax shdld e evaluated
in eacl coordine*e plane.
Tote: The differ_nce 2valuated should be less or (cual to
20 wn. If it is more, the adjustment of velocity cone

Stant =7 7 il . etion of the drives in ection is not
correct (it zhould te the sme for all drives).

Zircular inter»olation

~cop2

The accuracy of the resultingz path thet is produced by %the
sinultareous movemerts of two posiiioned perts in two lineer

axes shall Ye meagured.

tethicds to Le used

Ui? mecguraennit chall he carried out accor’ing to the

250 228 - ¢ dccepianc? eade Toar mechine tools - Part 4:
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Circular tests for checking Z3C machines.

e’ I3C 223 = 4 in the stage of CD (comittee draft)

Zpecial equipment for tie circuler meesurement should be used
e.g. 5ell bar + PC with special software, two dimensional
~rohe + XY recorder).

_vaiugtion end expression of results

The evaluetion end exgression ¢f results shkall be in the con-

formity with the ISC 235-4¢ mentioned@ abdove,

‘recticel tests

3cope

‘racticel tests on workpieces eccording to ISO acceptance
code for particular type of the mschine shall be carried out,

T1e racticel itests lo ascertain thz precision of a machine
tool shzll Te ithe finishing operations for whick the machine

a8 Leen desicned. Ine m2asuring methods for workpiece measu-

rement should He in the ceonformity with IZC 230 - 1

Zvziluztion 2ad expression of resulis

“ne ovalustion and pregentation of results should be according

to the 127 zcceptarnce code {or perticuler type of machine.
imesions and shapes mneasurad

Coron (..'.'.4./1'. 17
e affantiva valuez ‘of valoeity Yof forced vitrstions shell

- pregured,

sAd3 ko o yzed

-ad
Ctef€ nlb o TP

e velozity of¥vitrationa is measured cn the spindle head
to the gpindle axis ané passing

in the 2lene Herpendicrler
tarouzh e {ront bhesring,in two directions perpendicular

~ne Lo another. All tho zpindle speed availeble sre used
suzgzacguently, 111 the eqiprent used on the machine is switched
on..oth the srall balaiczd workpiece and thne small belzns:ad
tool are clamped in positions,

The special measurement zquipment for vibration measurement

is uged
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7.3 Zvaluetion ard expression of results __ .. . «..
The mex, effectiva value of the velocity‘of vibration found
should be presented. The value shall not exceed the specifi-
cated value, Jecommendad permissible values for particular

typ2s of machines are shown in Annex C

& Toise

Ceol Scope
The A weignted equivalent sound pressure level at the work ope-
rator workstations shall be measured.

Be2 ~etnods to be used

The integreting Sound Levei Yeter complying with the require-
ments of IZZ Puhlication 604, type 1 adjusted on A-weighting
shell be used Por measurement. The microphone of the Sound
Level Yeter should be placed in the measuring point in the
direction towards the machine. Me measuring points shall be
as follows:

- n;erator seated: ¢,5 m above the surfece of the seat (above

the cenire point of the seat)

-operaior gtandins: 1,5 m acove the surfece on vwhich the ope-
~ator starndsi{ 2’ ove the point, where he
ugually stands. “hais pointshould be cho-

e Jistance of $,5 i from the cir-

c ¢ +lie mecuine znd ¢,5 m from

tne front art f *re pendent (if any)

men one rosition to work the ma-

t2 measured at 2ll *i- cperator

i
e Juraticna of the measurenent zhould be suffisient with re-
~ard *o thsz character of th2 noise, it means of its veriation,
cnditions of *iie machins wiil~ measuring:
- idle running
- n27, 3pindle speed

- niaX, worrins feed velocity

chine gwiteh=d on
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5.3

\0 W

‘O
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Sveluation and expression of results
The equivalent noise pressure levels LAeq at all operator
wor«stations should be presented. The noise pressure levels
should not =xceed %t'ie srecified value.

“he recommendedperamissible values for particular types of ma-
chines are shown Ia the fnnex D

Tf the mise power level is required to be measured by
the user, see ISC 230 - 5 Acceptence code for machine
vools - Part 5: lloise. These standard is in the stage

of DIS -~ draft intenational standerd).

ota:

rower utili~«iion

Scope

The possibility of machine full power utilization shall be
verified

sethodz to %= used

The woripi~ce of typicel size ard shape, manufactured from
steel or rox criucible steel { for some types of mechine

of tiy size) is clemped on the machine and the cutting process
usina rouri-cut condit eg place., in the same time the

nput power of the spindle drive should te measured. The depth

of e¢ut 15 graduelly incressed till the max. vowver of .he motor
nf the g0indY: drile Iz fully ubilize=d,

cower of the aotar = InDput power x efficiency of rotor

cxeived iuratives or anothsr suortcomings whils cutiing

should eroeer,
-+

2: e rze~nendg arraa L the ~achine, ri:c~:yended

23 recoriended cutting

LTy power of the spindle drive

ety of the machire
~alely f the machine
U
e galaty »f the rachins s7all S+ verified
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- 2ll the necessary ssfeguards are uge¢ on the machine
all th

Al

sefety furctions ere performed (e.r. in%erlocking
of zuards , switching off the feed a2t the end of the stroke)
be

tLes Lveluation and ex

‘ession of results

%
=, . L £~ Y 2
“ne liat o° shorteormir

28 (if any) shoulé be presented
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arnex

abrex

ALneX

ANnex

ARIEeT

td

(W]

ta)

Tecorrenied limits for repeetikility of vositioning
for nzrual cerntrol znd ;ositionig control systems
veling stops or dogs

recommended ermissible values for positioning
eccuracy and repeatitility of rumercally contro-
led nacrine tools

recommended [-ermissible values for vibration velocity

necomended rermissible values for noise pressure level

Zecomnended corditions for power utilization measure-

mert
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Anrex A
8) hecomzende perrissitle vziues of . “or r.mnual control
1. pr or in =rcTHéc!
lLLies o
s g =+ e —-u—v«'h-"—:——;———"
[;e iisreter __ .. wirectior of coverent . __
- . 2 crose | lon *itu:inal .
I gbove the slile . : 1= asldle
! () : i ATy Loredie
- R
i to 175 ! 3 3 1€
12 to 75C i 5 < ’ 3
. 75C te 4CC ! 8 i £ | 32
t4CC to ZiC ¢ g 5 | 0
€32 to 106G | 10 I 1 | 5L
rore tnan 1CCO L f 12 ‘ 32
2”111in7 cauchines
Satle width i ~irection o rovement _ ]
- - - e -
(er) Iross ;longltu':qall vertical
te 250 1C 16 1C
235G to  4CC L2 12 12
4CC ‘o £3C 15 15 13
lmore then 5.C g 18 15
Horizontsl boring =echin-:s
shle wi.lth _ __virection of movesent —
(ec) cross [wverticsl [lonsitulinul | rotational
IRl Mgt : —
to 1CLC 13 13 1e | i1
f luwu 1".\:(: 1e 1e -‘4 ' LA
1]
| zore than 1ccC | 2 e 35 : Y
i - 13 -
ZylindrPesl ;rin?irn zichines
Fey di:zeter ____wirection of :overent
0f sorzpiece [~ T cross lonzitulinal
L_____(:: o il
2HC to A(C 2 -
I tor. tnun { -
: - CO . 7.5 -
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Griading nmuchines for internal grinling

i Yux diageter of 3 Direction of roverment

i the hole ™ "cross ) lonzgitulinsl
' {zm) |

I 1

: to €G | 1,5 15

l 2ore then 80 i 2C

Surface zrinding =uachines with horizontal spindle

| Table izéth fnm) 1 Vﬁirection of movement
— "  ‘vertical cross
to 520 | 1,5 6
3aC to 5C0 2 g8
zore thsn 303 » T Y 1C

“urface grinding zechine with vertical spinile

———— e o . — L —_—
Teble «1th ‘rm) Zirection o® roverent
verticul
to ¢3C 3
more than 43C 4

b) :tecomzende percixeible values of Rmax for poaition control

~ystecs or Tor rectusngular path control “y=tem uning stop or dogs
( iz pe or in wsrc sec)

Luthes

 Max diameter | Zirection of rovement

| above the slide -
‘mex turning dis- ' cross longitudinal
reter (mm) l

r to 125 | 8 ! 15
125 to 75C : 10 20
256G to 4CO i 13 27 '
4C0O to 6,0 , 16 i 30
€30 to 1C00 ' 18 : 3C
rore than 1600 pL0) 35
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NILTICTA A = )

VYerticul lathes

o

Jiaczeter of T Jirection of covement
chuckinz plate cross vertical
(me) _
to 1CCO le 24
1COC to 15CC 24 30
1£C0 to 25CO 3o 35
25GC to 32C0 3G 35
rore thsn32Co 35 =C
Y¥1llings machines
Tak®le width irection e¢© -cverent
(za) cross | Yonritudinal vertical
to 25C T T 12 | 1
235G  tc 4CO i 16 : 1% | 1€
iCC to 630 0 2C 26
<iC  to 1000 25 -5 ! 25
rore thanlCCO 25 I 25 J 25

Horizontul boriz machines

Table wi.lth R Direction of movement |
{zm) T ¢ross | verticol lonzgitudinal | rotational
to 1CO0 13 13 18 (Aot
1000 to 1400 18 18 24 6"
more than 1600 24 24 30 6"
drillimg machihes
Jrilling Direction of movement
liageter vertical
(mm)
to 25 40
25 to5C 50
gore than 50 50
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hAnnes A ~ 4

Jeur hobbing and gesr shaping c=2chines

MYax head diareter Direction of movezent
Lo?ﬂi&g_éeg_ {ez) | radial .
to 1€0 12
16C to 320 16
320 to £00 2C
xore than oCC 24
Cylindé%al grinding machines L
Xax diuceter of Sirection of movement
workpiece (mr) cross
to 250 1 B 1,5
250 to 5G0 2
wore tnan  >C0 2,9

internsl srinling machines

bav, diazeter
6? hole {mz)

to 20
Tore than &5C

T

Jirection of =ovemnent
cross

1,5
2

Surface grinding machines with horizontal spindle

Patle width s _.. .-irection of moveaent
(zem) verticsl cross
to 32C 2 3
32C  to 5C0 2,5 4
more than 5C0 3 5

Surface grinding machines with vertical spindle

T7able width Direction o? roveaoent
vertical
to 320 8
320 to 500 10
zore thag SCOD 13
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Annex B

Recorzended permissible values o2 unidirectionsl repeatibility R,

and accuracy of positioning A .

In the tables for particulsr types of rucines followirng
parazete-s are shown : - cax. percissible unidirectional
repeatibility Rmax
- max. permissille reversal value Blnax
- tne grade of accuracy of cumulative
error Cmax' Max. pereissitle cumula-
tive error is to be foun! on the tudle
on the last paze of this annex &ccorling

to the lerngth oY the movement measureld.

The recomrenied rnercissible value of accuracy A shoald be
calculated frox the form:l:

A=C,e . +8 __+C )

T ax cax rmax
_Lathes )
\Mex, dianeter ] .irection Ferxzivrsitle values (pm)
above the slide PR . - -
. of movement ~
{max turning ! < R B
dismeter) | [ex | mhx zax
(em) |
—— ¢ - —— Y—
to 129 ,  cross VIt S 5
| & longitudinal ' v, 7 7
125 to 25C cross i VI 7 7
e ‘*"ngp§itudinal v 9 9
25C to 4CC ! cross VI 8 8
lonzitudinal i IV i 10 1C
 4CO to 630 | cross ; vl 5 9
: . longitudinal 1V | 12 12
: £3¢ 101000 | cross VI 10 10
| longitudinal iv | 13 13
. —_— ... gt Sl bind -
more then 13CO cross ) V; 12 12
L | longitulinal IV 115 5
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vertical lathes

f— ']‘ T o
’biameter of the Tirectin Perczissitle values (pm)
chucking plate 0’ movement ' C;;;Nm*‘ Roux BLax
| () B |
: to 1CC0O cross —! v 10 10
R \ vertical 1 1v | 13 113
1C0C  to 15CO :  cross } v 13 13
‘ o _ ©  vertical : 1v _ 16 _ | | 18__
15C0 to 25C0 ' cross | v 18 18
T i vemvies | w102 125
© 358C  to 32CO cross ' v b2 22
L : vertical v 25 25
: rLicadl 4 _A¥_ . €2
zore than 32C:: ! cross v 26 42
l vertical 17 30 50
Killing rachines
Table width | birectien | Fermissible vplues (pe)
(mm) c B B
of rcovexent Cux T.&X max
to 25C " e¢ross -7 '
longitulinal \ p) 5
i vertical
259 to 400 | cress
! longitudinal v 8 8
| i vertical
4C0 to £36 |  cross
longitudinal v 10 10
vertical
63C to 1COO cross
longitudinnl v 13 13
.. .| . vertical e
more than 1000 croas
longitudinel v 15 15
- vertical | |
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annex 3 - J

Horizontal Yoring machines and machininz centres

Pr—————r e e o+ = e - @ - - — ——

 Table widt direction }Permissible vulues (pm or®)
(zx) of moverernt Cesx Rmex Bnax
to 25C rerpendicular
te the spindle vl 4 4
ar¥is
Farallel to the v 6 6
rpindleaxia
| _ | mot. tuble  } 3C* | &7 8"
25C to 4 i rerpendicular VI 6 €
iurullel v 2 8
A~_“___£ Rot. tetle __3C*" e” R
3CO to $3¢ : Fergeniicular VI 8 | 8
. rerallel v 10 1C
! Sot. Teble ic" g~ ! a=
—— - e —_ * - e s e e —— - m— e — T
IEJC to 1CCO Terp=ndicalar V1 y 10 1 10
tarsllel Vo113 i 13
- _ ot. tudle SO ;  B”
16CC  to 1%€C  © Terpeniicslar | YI i 13 | 13
' Farallel 7 15 i 15
i Rot.tutle s~ &g~ | _e" |
p——- - - - - - S =T o - = - ——————t
Vore than 1C30 terpendicular vl 15 15
raraliel v 13 18
_ 1 uct, table € | s" g"”

Zoor.linuste lorirn,s nackines

f2able width ODirection n? Permigsible values ‘ym)]|
(o) zoverent c_.. R 8 .
| | o _joeex | Tmax | Tmax
to 1C0G rerpendicular
to the sgindle | VI 6 6
3x18
Fursllel to
.| the spindle axis| V 11 11
xore thsn 1C00 Ferpenliculear VII 8 8
Furallel v 15 15
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Cooriinste irilling gzachines

éDrillin‘ disceter Jirection ' Fermissihle val )
| ‘mx ; of ~overant gix Rmax anx
to ¢5 lonzitudinul v 15 15
cross v 15 15
veg}iual Iv 20 20
25 to 5C longitudinal v 18 18
crosse v 18 18
) verticsal TV 5 25
more thzn 50 longitudinal v 24 24
cro:=s v 24 <4
vertical 1V 3« 34
sear hobbin:s unld geer shaping muachines
kax hesd 3ia- Lirectin of Pernissible values {y&) ]
£ r [ ~
zgzﬁr(:k)tne sovement Crax Rmax Bmax
te 16c | _rucisl v 0 |1
16C to 32C ralial v 14 14
jac to €CO radial v ~ 18 18
core than SCCO radial v 20 20

Cylindricsal grinding machines

¥&ex. cisrceter Uirection Perci=ssible values'gum)

oZ workpricce 0o moverent [o] R B
(mms [ 9% max max

to 25C cross VII 1,5 4
lonsitudinal VI 2,5 7
<>3C to 5C0 cross VIT 2 5
longitudinel vl 3 8
zo:r¢ thin 5CC cro=9 VII 2,5 £
l____m o longitudinal Vi 4 10

Internsl rindins muchines

Vux dicrceter
o? hole ‘a=z)}

p———— .

to =C

wore th=:n z=(

P s - man . e e o — - ——— + &

I Lirection of
| ~overent
)

cross
lor,situisnal

'i eross

i tonsitadinal

_Perci-sidle values (ym)|

i~ C it n
r.ax 1 _de r8x
JI2 1,5 4

o Ye L 2,5 €
vII 2 5
V1 3 e
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Surface grinding machines with herizontal =pindle

atinex B - 5

E Tedle width 4? Jirection o° Pernissi?le values {ym)
(mm) j zovement “pax o ax max
to 320 vertical VII 2 5
cross VI B 8
iongitudinal 111 10 25
320 to SCO vertical VII 2,5 6
cross VI 4 10
i lonzitudinal III 12 30
more than 5C0 ; vertical VII 3 8
' cross VI 9 12
| | longitulinal II1 14 40
- 3 e el .- .- -~ /
ferri=eible valu-:s of Srox {pm)
Vezaured
len,;th The grade 0f uccuracy
over to 0 I IT |IZT | IV v >4 7IZ vViII
3 28 15 1C S K] z 1.2 G
3 €l 26| 1| 11| 3| 3 2 2,5 1’5 U'g
6 10| 43| 2z 150 s| & ;5 2,5 1,5 1
101 16| ss| 27| 13| 11| 8| 5 3 2| 1,2
18 30 €6 33 21} 13 S € 3 2,5 1,5
301 sc| 78| 39| a5, 16|11 |7 3 2,51 1,5
50 €o| s2| 26| 30| 19|13 | 8 5 3 z
80 12 1C38 S 351 ¢2 115 {10 o 4 2,5
120 | 1e0f 126 | 63| 10| 2513 |12 5 51 3,5
180 | 250|132 | 72| 26| 25 |20 |14 10 7| 4,5
250 | 315|362 &1) 52] 32 123 |16 12 8 'é
}15 4§~ 173 | €5 571 36 |25 |18 13 S 7
320 | 5551156 | 97| 63] %0 |27 |20 15 10 3
goa ©30 | 222 }110| 70| 44 {30 |z2 10 11 S
€30 | 850|255 |125| €3] 50 |35 |25 18 13 10
830 | 1555 | 285 123 | ool 58 |30 |29 21 15 11
1003 | 125) 3;3 163 | 135] oo |4 4 235 5 13
1g§a 1§30 AS2 1195 ] i125| 75 |54 |40 2y 21 15
100D | 220 460 123211501 <2 |85 4a 35 25 8
2225 125221558 {z:a b arsiass Va7 |57 =5 2 22
3330 12153 | 3a3 |33< [ xisas |23 ke =2 io zé
SEERN KGOS BELN ST FEES PEF S FEFY i & z P
i::ﬁ ;.fJ ool SN B Bl ir i '743 152 o "z n2
FRRR BT R 2 EEECTI I E bR ol L S S 3
Sl FOS T APt bkt A ISR BTN EE Sl [ SRR S : il
Al Y bl B S5 EEEAN FEEN ST BN FE 13 i Tz |
Vo,
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Annex C

Recommended permissible effective values (RMS) of the velocity
and deviations of the forced vibrations.

Lathes

Vax. diameter
above the =lide, RLS
max. turning em.o~1 am
diaceter {(mm)

to 2C0O 1,12 10
2Co to 800 1.8 16
more than B8C0 2,8 25

Vertical lathes
Diameter of the RMS
chucking plate cm.s™ ] pm
(mm)

to 3co0 1,8 16

more than 30CC 2,8 s |

M¥1lling mechines

Tarer hole in oS _4
the spindle rm.a”1 pm

" to 5C 1,12 1C
more than 5C 1,8 16

3oring machinea ar? machining centres
[ & h_

Taper hole in EMS
the spindle cm.s”} ym
to 5¢ 1,12 10
mpre than 50 1,8 18 i
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annex C - 2

Gear hobYing meachines

Yax. head diaceter | RMS
o? the zesr om.s” T pm
to 500 0,71 6
rore than 500 1,12 10
orilling machines
N ,
Type and size MS
mm. s~ pm
Tadble type 4,5 40
Zox type 2,8 2
Rudial - lvilling #
to 56 2,8 20
rora than 5C 4,3 4C
Cylindricsl grinding nachines
Zizseter of RES
sorkriece Em.s” An
em)
to 300 c,28 2
—ore than 3CC C¢,45 3,5

Internal grinding machines

J0S

gm.s”} um

c,T1

o
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Recommended permissible of eguivualent noise pressure level L

Annex D

én the operator workstation

Type of the machine

LAeq (dB)

Grinding mschines

795

orilling mschines up to 1,6kvw 75

~rilling machines more than 1,€

kv | 78

all snother machines

80
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Y2412 QRSN

lecorzended condition- for power utilation ressurement

1 Lathes
a) workpiece in the chuck (see fig. 1).

r._ —— ..‘L__:...._..._._...._

Fig, 1

workpiece : Jlisgeter U = C,7 Jpux 'CBX disceter above the
sli‘e, vsx. turning dia-
peter)
length L =¢,4 D
plazce of tgrning p=¢C,2 L

ro o

material - steel £CC ¥N.mm™

Tool : with inievuble insert ’rot. Lard petal (K {5 - K 10 J

’I::',So

r=1,2-1,6 rx
Cutting corlitions cutting speed v = 17C m.min'l
feed rate (see tsble 1)
vepth (h) or width (b) of cut
is graduelly incressed till full

power of the machine is utilized (sce fiz.2)

Table 1
Dmax - Feed rate
lrection z tirection x
to 0 T T C5 C,3
15C to32C ? G,6 Cc,35
320 *05C0 j c,7 C,4
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i

- Ly -
Ly |
P - -——“" b 4
Lx | £
9 084
! ?' .:—-T. J{
C) —
I ] — .
T — et ==
0150 in| L. 3
hflh%__ o .:_ll __%:r ) -] l
Figc3

~orkpiece : diaceter D = 0,4 Dmnx
length Lo = 6D
places of turnirg p, , P11 » Pyry

Tool

rateriel - steel 5CC H.mn'2
the sare as for workpiece in chuck
Cutting conditions

the eare as for workpiece in chuck
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innex £ - 3

2 Vertical lathes

a) znchinesz with one sadile ! see Lig 4)

{ | |
{ 1 : § =
T a :
s‘ * 1 |
] y ‘
i i
| _
2 ding "J h ~a [):‘o [ X and b—..—:g:‘_.' of
a b
Figz. 4

Workpiece : diaceter D 7in the place of manufacturing)=
(c,6 - c,8) Dy
wh re Dd is the diameter 0° chuck plate
high H = (3,3 - 0,4) Hmax

materisl - crucible steel
Tool : with insertable inmsert from herd rietal
- 420
= 495
r =1,6 om
Cutting concitions :~cutting speed v = 7C m.nin~}
-feed rate ( per one rotatien of table) =
1,2 = 1,5 om for Ja § 2000 om
1,4 -2 em for 5.0 2600 om
- deptii of cut is gradually increassd
till full powe:r ir utilized
- plucers of turrins - p
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b) zachines with two {or three) caddles (see ?ig. 5).

i
! i
- *
g g ¥ | 'f
z (UL J
" i !
8 T
g Iy L-{06:Q8)0g
x
. Da
Fig. 5

Workpiece : the same as for one 35d31e rachine

Tool : the same as for one saddle r=chine

Cutting conditions: the saze a2 for one su.jc¢le machine.,
~ll sadiles are use: Zor turning
in the supe time
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3

NIIT X L - )

¥1llirgz zachinaes .nd rachinir,: certres with horizantsl spindle
and horizontsl ‘oring zachines

‘exacple sie €iz. ;).

g - en—

M Q31ﬂmoJ _

Fig.6,

korkpiece :-The bar a x a, a =0,7% D
-2
-zaterial-steel £CO N.mm™~

-clecping - rigid connection with table

face millins; cutter with indexable inserts “rom hard
cetal,¥ = 75°

Tool:

diemeter D = approrvimately 2d, where 2 is diameter
of =pindle
Cutting conlitions:-rutting speed v = 130 m.x:in'1
-feel rate 0,2 - 0,35 mm/tooth
-depth ~f cut i3 increased till full
power is utilized
Zlanging 0 the tool - by means o0f taper hole in the
spinile or directly on the spinile
Oy resns of screws - lurge machines)
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Killing sachines and

(exazple see fig. 7).

cachining centres with vertcal spindle

r‘"r"—-l_

——— 13 3.
- t
| :
| es 1

)

o B —

Workpiece |

ool
Cutting conditions
Claxping o’ the tnol

Fig. 7.

\ the same as for milling macines
w#ith horizontal spindle

TN
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5

Ralie] drilling machines (see g

ig 8).

! I ’
o] et | I | e [
: * I — T
D= —
T s A
' &) C. b
S | L
i e
J_.'i_;\ ‘\\. T i
——— N\ ’-'_ i _:’.o
— TN
E‘“ S L S |
Figz. 8.

Workpiece:

Tool

Cutting conditiong:

steel 600 N.om™
rigid clampinz to the base
dismeter D = pax
Fizh spead steel

drilling diaceter of the machine

Drilling diaceter utting s?eed Feed rate max

0.7 m.oin~ @ per one rotation
32 22 0,316
4C 21 0,368
50 20 C,4C0
63 19 0,424

~ EC 13 C,468 1

e1thap

The feeld r

ate is increased till the
AT the rax “eel showr in

Te¥ power is utilized

the table ise reached,
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Arnex E - B

Arrangerent of the zachine :Th2 high of the amm H.=(0,5 - O,B)Hmax

where Ha is the rux %}gh of the srac
~-The distance of the 3ill from the

colucn L= C,6 )
26 Lpay » where Loy

1~ the max distarnce
-pushing out the zuill 1.,.5(C = 3)4

+here d is the disreter of the ﬁﬁll.

6 Geer hobdinz machines (see iz 9.)

&t CJ
;.
E ,
I [
[}
X | W
J[—P‘
. gy
-
Fig. 9.

#orkpiece: - diameter d_ =10,8 -~ 1) dray

where dmaz 18 may head diureter according to the
specificatior. 5f the machine
- wicdth b = (C,2 - 0,4) d,
- material -steel €00 N.mm™° for a,€32¢c

crucible steel for da)320
= clazping - zee fig. ¢

(A% ]
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S343 s C A o = 7

Tool:- Ceor hobding cutter - The teeth fror hard metal

-~ head diameter do, = (0,8 -1) 23

80 max

where da cax is max head diameter standardized
for machine under test
- module m - max possible for machine under test

Cutting conditions:

module m
mm

4

7
1C

cutting sgfed
E.ein

30
70
60

cepth of cut - t = 2g

- The feed rate /per ore rotstion of the table)
is graduslly incressed, till full power is utilized
- cooling - cooling oil

the upper face of the gear is ir the distance H

atove the table

. T,
where Lmln

H = Hmin +Db

is the cin. distance of the axis of the

tool from the surface of the table
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FORGING AND FORMING
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Introduction to Forming and Forging Processes

Metalworking consiste of deformation processes in which
@ metal billet or blank is ahaped by tools or dies. The
design and control of such Processes depend on an
understanding of the characteristicse of the workpiece
material, the conditions at the tool/workpiece interface,
the mechanice of plastic deformation (metal flow), the
equipment used, and the finished-product requirements. These
factors influence the eselection of tool geometry and
material as well as processing conditions (for example,
workpiece and die temperatures and lubrication). Because of
the complexity of many metalworking operations, models of
various types, such as analytical, physical, or numerical

models, are often relied upon to design such processes.

Hiestorical Perepective

Metalworking is one of three major technologies used to
fabricate metal products; the others are caeting and powder
metallurgy. However, metalworking is Perhaps the oldest and
most mature of the three. The earliest records of
metalworking describe the simple hammering of gold and
COorPer in vdrious regions of the Middle East around 8000
B.C. The forming o! these metals was crudé because the art
of refining by emelting was unknown and because the ability
to work the material was limited by impurities that remained
after the metal had been separated from the ore. With the
advent of copper smelting around 4000 B.C., a useful method
became available for purifying metals through chemical
reactions in the liquid state. Later. in the Copper Age, it
was f{ound that the hammering of metal brought about
desirable increases in strength (a phenomenon now known as
8train herdening). The quest for strength spurred a search
for alloys that were irherently gtrong and led to the
utilization of alloys of copper and tin (the Bronze Age) and
iron and carbon (the Iron Age). The Iron Age, which can be
dated ase 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 of methods for achieving the high

temperatures needed to melt and to refine iron ore.

Most metalworking was done by hand until the !#th
century. At the time., the tilt hammer was developed and used
primarily for forging bars and platea. The machine used
Wwater power to raise a lever arm that had a hammering tool
at one end; {t was called a tilt hammer because the arm
tiltedas the hammering tool was raised. After raising the
hammer, the blacksmith 1let it fail wunder the force of
gravity, thus generating the forging blow. This relatively

simple device remained in service for some centuries.

The development of rolling mille followed that of
forging eguipment. Leonardo da Vinci‘'s notebook includes a
Bketch of a machine designed in 1480 f{for the rollling of
lead for s8stained glass windows. In 1495, da Vinci is
reported to have rolled flat sheet of precious metals on a
hand-operated two-roll mill for coin-making purpose. In the
following vyears, several designs for rolling mills were
utilized in Germany, Italy, France, and England. However,
the development of large mills capable of hot rolling
ferrous materials took almost 200 years. Thie relatively
slow proyress was primarily due to the 1limited supply of
iron. Early mills employed flat rolls for making sheet and
plate, und until the middle of the 18th century, these mills

were driven by water wheels.

During the Industrial Revolution at the end of the 18th -
century, processes were devimsed for making iron and steel in
large quantities to satisfy the demand for metal products. A
need arose for forging equipment with larger capacity. This
need was answered with the invention of the high-speed steam
hammer, in which the hammer is raised by steam power., and
the hydraulic press, in which the force is supplied by
hydraulic pressure. From such equipment came producte
ranging from firearms to locomotive parts. Similary, the
steam engine spurred developments in rolling, and §n %“he
19th century, a variety of steel products were rolled in

significant quantities.
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The past 100 yeares have seen the development of neww
types of metalworking equipment and new materials with
special properties and applications. The new types of
equipment have included mechanical and ecrew presses and
high-speed tandem rolling mille. The materials that have
benefited from such developments in equipment range from the
ubiquitous low-carbon steel used in automobiles and
appliances to specialty aluminiumn-, titanium-, and
nickel-base alloys. In the last 20 years, the formulation of
sophisticated mathematical analyses of forming processes has

led to higher-quality products and increased efficiency in

the metalworking industry.

ClasBification of Metalworking Processes

In metalworking, an initially simple part - a billet or
a blanked sheet, for example - is plastically deformed
between toois. (or dies) to obtain the desired final
configuration. Metal-forming Processes are usually

classified arccording to two broad categories:

* Bulk, or massive. forming operations

* Sheet forming operations

In both types of process. the surfaces of the deforming
metal and the tooles are 1in contact, and friction between
them may have a major influence on material {low. In bulk
forming, the input material is in billet, rod, or slab form,
and the surface-to-volume ratio in the formed part increases
considerably under the action of largely compressive
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 significant changes

in sheet thickness or surface characteristics.

Process that fall under the category of bulk fforming

have the f{ollowing distinguishing features (Ref 1):

2 The deforming material, or workpiece, undergoes large
plastic (permanent) deformation, resvliting in an apprecfablo

charge in shape or cross section
FINAL REPORT, VOLUME [Il, Page 56




®x The portion of the workpiece undercoing plaatic
deformation is generally much larger than the portion
undergoing elastic deformation: therefore, elastic recovery

after deformation is negligible

Examples of generic bulk forming Processes are
extrusion, forging, rolling, and drawing. Specific bulk

forming processes are listed in Table 1.

The characteristics of sheet metal forming processes

are as follows (Ref 1):

* The workpiece is a sheet or a part fabricated from a sheet
* The deformation usually causes significant changes in the
shape, but not the cross-sectional area, of the sheet

* In 8some cases. the magnitudes of the plastic and the
elastic (recoverable) deformations are comparable;

therefore, elastic recovery or springback may be significant

Examples of processes that fall under the category of
sheet metal forming are deep drawing, stretching, bending,

and rubber-pad forming. Other processes are listed in Table
2.

Tyres of Metalworking Equipment

The various forming processes discussed above are
asaociated with a large variety of forming machines or

equipment, including the following (Ref 1):

* Rolling mille for plate., strip, and shapes

* Machines for profile rolling from etrip

* Ring-rolling machines

* Thread-rolling and surface-rolling machines

* Magrnetic and explusive forming machines

* Draw Lkenches for tube and rod; wire- nd rod-drawing
machir.es

* Machines for pressing-type operations (preosses)

-
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Among those listed abowvve, pressing-type machinee are
the most widely used and are applied to both bulk and sheet
formirg Frrocesses. These machines can be clagsified into
three types: load-restricted machines (hydraulic presses).
stroke-restricted machines (crank and eccentric, or
mechanical, presses;, and energy-restricted machines (hammer
and screw presses). The significant characteristics of
pressing-type machines comprise all machine ddesign and
performance data that are pertinent to the economical use of

the machine. These characteristice include:

®= Characteristicas for load and energy:
Available load, available energy., and efficiency factor
( which equals the energy available for workpiece

deformation/energy supplied to the machine)

= Time-related characteristics:
Numbsr oi strokes per minute, contact time under

pressure, and velocity under pressure

2 Characteristice for accuracy:
For example, deflection of the ram and frame,

particularly under off-center loading, and press stiffness
BRecent Developmente in Metalworking

Over the last 20 years, metalworking practice has seeen
advances wWwith regard to the development of new processes nad
new materials, the understanding and control of material
response during forming. and the application of
sophisticated Process design tools. Some of these
technological'advancee will be summarized in the following

section in this article.
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New Procesees

A number of processes have recently been introduced or
accepted. These include a variety of forging processes, such
as radial, precision, rotary, metal powder, and isothermal
forging, as well as sheet forming processes, such as
suPperelastic forring. Laser cutting and abrasive uitorjot
cutting of sgheet and plate materiale are also finding
increased wuse. Each of these processes is described in

greater detaii in subsequent articles in this Volume.

Badial forging is a technique that is most often used
to manufacture axisymetrical parts, such as gun barrels.
Radial forging machines (Fig. 1) wuse the radial hot- or
cold-forging pronciple with three, four, or six hammers to
produce s8olid or hollow round, square, rectangular, or
profiled sections. The machines used for forging 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. Froducts produced by radial forging often have
improved machanical and metallurgical properties as compared

to those produced by other, more conventional techniques.

Rotary, or orbital, forging is a two-die forging
process that dJdeforms only a small portion of the workpiece
at a time in a continuous manner. As shoun in Fig. 2, the
axie of the upper die 1is tilted at a se8light angle with
respect to the axis of the lower die, causing the forging
force to be applied to only a small area of the workpiece.
As orie die rotates relative to the other, the contact area
tetween die and workpiece (called the footprint) continually
pProgressee }hrough the workpiece until the final shape 1is
obtained. The tilt angle between the two dies has a major
effect on the size of the footprint and therfore on the
amount of forging force applied to the workpiece. Rotary
forging requires as little as one-tenth the force needed for
convencional forging processes. The smaller forging forces
result in lower die and mach!ne deflections and therfore
in the ability to make intricate parte to a high degree of
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Precision forging, also known as draftless forging, ie
relatively recent development that is distinguished from
other types of forging principally by finished products with
thinner and more detailed geometric features, wvirtual
elimination of drafted surfaces and machining allowances.
varying die parting line locations, and cloger dimensional
tolerances. These types of parts are most commonly
manufactured from light matals, such as aluminium, and more
recently from titanium for aerespace apPplications in which
weight, strength. and intricate shaping are important
considderations, a.ong with price and delivery.

Precision forging achieves close tolerances and low
drafts through the use of die inserts, improved accuracy in
die 8inking, and close control of process temperatures and
pressures during forging. Modified die design are also
frequently used. One s8uch design is known as through die
(Fig. 3), and it derives its name from the fact that the
outer periphery of the forging cavity is machined completely
through the die. An upper and lower punch enter and forge
the part entirely within this ring. The top punch is then
retracted by the press stroke, and the completed forging is
€jected by raising the lower punch attached to a knockout

mechanism below.

Powde~ forging is a process in which sintered preforms
are hot forget to 100% of theoretical deneity. Powder
forging ie primarily used for ferrous parts and
difficult-to-work superalloys that require high service
integrity., and it is rost suitable for symmetrical shapes
containing large holes and parts that would otherwise

reguire a large amount of machining.

Jsothermal and hot-die forging are hot-forging
processes in which the dies are at the same (isotermal
forging) or nearly (hot-die forging) temperature as the
workpiece. The frocesses are primarily used for costly
materials, such as titanium and nickel-base alloys., which
Fospes fine, stable two-phase microstructures at hot-wvorking

temporatures. Such microstructures often give rise to a
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property known as superplasticity. Superplasticity is
characterized by good die-f{illing capacity in bulk forming
processes and high tensile elongations in sheet forming
applications.

The total (or partial) elimination of die chilling in
isothermal (or hot-die) forging, in isothermal (or hot-die)
forging, in addition to superplastic properties of the
workpiece material, allows fcrging to closer tolerance than
ie poseible with convential hot forging, in which the die
temperature ia typically only slightly above ambient. As a
result, machining and material costs are reduced. Moreover,
elimination of die chilling permite a reduction in the
number of preforming and blocking dies necessary for forging
a given part. In addition, because die chilling 1is not a
problem, a selow ram speed machine. s8such as a hydraulic
Preses, can be used. The lower strain rate imposed gives rise
to a lower material flow etress and therefore a lower
forging pressure. The net result is that larger parts can be
forget in equipment of capacity emaller than that required
for conventional forging. Figure 4 shows a number of Alloy
100 jet engine disks made wusing a varsion of isothermal

forging known as "Gatorizing”.

Superrlastic forming is the sheet forming counterpart
to isothermal forging. The 1isothermal, low sestrain rate
conditions in superplastic forming result in low workpiece
flow stress. Therefore, <¢ae pressure, rather than a hard
punch, is often used carry out a stretching-type operation;
the ...y tooling requirements is a female die (Fig. 5). The
very high ductilities characteristic of superplastically
formed sheet. alloys s8uch as Ti-6A1-4V, 2Zn-22Al1, and
aluminium alloy 7475 enable the forming of parte of very
complex shape. Although ..cle times for superplastic forming
are vrelatively long (of the order of 10 min per part),
economies of manufacture are realized erimarily throuqﬁ
reduced machining and assembly costs. The latter savings ie
a result of the fact that 1individual superplasticly formed
parts are usually used as replacements for assemblies of

many sepParate component arte,
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Laser cutting is an increasingly popularmethod of
cutting sheat materials accurately. Laser cutting typically
makes use of a computer numerical control program that knows
new cutting paths to be quickly generated. In addition to
rapid cutting, laser cutting offers such advantages as
precision cutting accuracy of 0.13 mm (or lese), the ability
to cut most materials including metals. ceramics, plastics,
and ..e8), minimal head-induced distortion, and ..ry clean
straight-eided cute. The fact that cutting is done under
computer control also provides ease of cutting copmplex
ehares in sheet stock, high material utilization, excellent
pattern reproducibility, and economical low-volume
production. Llaser cutting systems are generally usad for
cutting Frototypes or emall production runs from sheet
stock. Hard tooling is wusually more economical for high
volumes. However, one high-volume application of lasere is
the trimming of automobile parts. These parts are being made
of thinner materials, and then dies capable of cutting to
the requiredtolerances are B8O expensive that laser cutting

is cost-competive even for the large lot sizes involved.

Abrasive waterjet cutting is a process developed in the
late 19608 which reliocs on the impingement of a
high-velocity., high-pressure, abrasive-laden waterjet onto
the workpiece f{or the purpose of cutting. Among the
advantages of the technique are high quality of the cut
surface, almost total absence of heat genration within the
workpiece (thus minimizing the development of a heat
«t1fected zone), and a relatively narrow kerf{. Applications
of abrasive wWater et cutting can be f{ound in the machining
of hard metales (for example, superalloye, high-strength
steels, and titanium alloye) and a number of nonmetals (for
example, concrete., ceramics, composites, and plastice). The
only major limitation of the process is the inability to
mill, turn, or drill blind holes or perfotm other operations

that involve cutting or drilling to a partial depth.
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New Materials Developmente

An inreased understanding of materialbehavior during
deformaticn has led to the improved design of metalworking
processes. Iwo areas of particular significance in thie
regard are the emergence of thermalmechanical processing
techniques and the development of metal

workability/formability relationships.

Thermal-mechanical proceseing refere to the design and
control of the individual metalworkingand heat treatment
steps in a manufactoring process in order to enhance final
prorperties. Originally ueed as a method of producing
high-strength or high-toughness alloy steels,
thermal -mechanical processing 18 now routinely used for

alloy systems, especially those based on nickel.

Most thermal -mechanical processing treatments for
steels rely on deformation that ie imposed before, during,
or after austenite transformation. The various types of
treatments ore summarized in Table 3. Thisclassification,
based on the relative pogition of deformation and
trarioformation in the treatment cycle, has other
justification in that the tensile stress-strain curves and
the rate of increase in vyield strenght with increasing
deformation (Fig.6) have been found to be broadly similar
for a variety of steel eubjected to a givea class of
treatment and have been found to differ for each of the
classes.

In the thermal-mechanical processing of nickel-bage
sureralloys, metalworking temperature is carefully
controlled (especially during finish forming) to make use of
the structdre control effects of second phases. Above the
optimal working temperature range, the struktur control
phases go to into solution and lose their effect in
controlling grain size and structure. Bellow this ramnge.
extensive fine precipitates are formed, and the alloy
becomes too etifl to process. Proper thermal-mechanical
processing leads to excellent combinations of tensile,

fatigue, and creep properties.
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Vorkability and formability are the terms that are
commonly used to refer to the ease with whitch metal can be
shaped during bulk and sheet forming operations,
respectively. In the broadest sense, workability and
formability indices provide quantitative estimates of the
strength properties of a metal (and threfore the required
working loads) and its resistance to failure. However, the
latter characteristic (that is, ductility or failure
resistance) ise ueually of primary concern. The techniques
used to estimate this property vary, depending on the class

of forming operation.

In bulk forming, the most common tyvpes of failures are
those known asB free surface fracture (at cold-working
temperatures) or triple-point cracking/cavitation (at
hot-working temperatures). A vaet array of mechanical tests
and theoretical analyses have been developed for predicting
failures of these ond other types during forging, extrusion,
rolling, and other bulk forming operations. These tests and
analyses are summarized in Ref. 7 and are discussed in the
Section "Evaluation of Workability” in this Lecture. Other
common test techniques used to gage bulk workability include
the unpiaxial wupset, {langed or tapered compression,

notched-bar upset, and wedge teets.

One of the most successful and useful design toole to
come from bulk workability research is the workability
diagram for free surface fracture during the cold working of
wrought and powder metals. An example of a workability
diagram of this type is shown in Fig. 7. The grarph indicated
the locus of free surface normal etrains (one tensile and
one compressive) that cause fracture. These diagrams are
determined by mechanical tests euch as those mentioned
above. Formany metals, the fracture locus is a straight line
of slope -1/2. Some metals have a bilinear failure locus.
The workability diagrams are used during process design by
plotting calculated or eatimated surface etrain paths that
are to bLe impoged during forming on the fracture locus

diagiram (Fig. 7). If the {final etraine lie above the locue,
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part failure is likely, and changes are necessary in preform
design, lubrication, and/or material. The fracture locus
concept has bean used to prevent free surface cracking in
forging and to prevent edge cracking in rolling. With
modifications, the fracture locus approach has also provided
insight into s8uch failure modes as center bursting in
extrusion and forging and die-workpiece contact fracturee in

forging.

A related concept is the forming limit diagram used to
qQuantify sheet metal formability. An example is shown in
Fig. 8. As for the bulk workability fracture locus, the
sheet metal forming 1limit diagram is the locus of normal
surface setrains that give rise to failure. The magnitudes of
the failure straine are usually controlled by one of two
Processes: localized through-thickness thinning or fracture
prior to localized thinning. In either case, the forming
limit diagram ie most easily determined by stretching
experiments wusing a hemispherical punch. Strain path and
failure strain (in terms of the so-called major and minor
strain) are varied by changes in lubrication and test blank
width. Experimentally determined forming limit diagrame are
then compared to the strain that are to be developed during

forming to determine the possibility for failure.

Process Simulation

The development of powerful computer-based simulation
techniquea, 8uch as those based on the (finite-element
method, has provided a wvital 1link between addvances in
tooling and eguipment design, on the one hand, and an
improved understanding of materials behavior on the other.
Inputs to finite-e¢lement codes include the characteristics
of the workpiece material (flow stress and thermal
properties) and the tool/workpiece interface (friction and
heat transfer properties), a~ well as workpiece and tooling
geometries.Typical outputs include predictions of forming
load, strain, strain rate, and temperature contour plots;

and tooling deflectiona. This information can serve a number
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of design functions, such as selection of press capacity,
determination of success or failure with regard to material
Wworkability or formability, and estimation of likely sources-

of tooling failure (abrasive wear, thermal fatique, and so
on).

Process simulation techniques aleo provide a method for
preform and die dewign through the ability to determine
metal flow patterns without constructing tooling or
conducting expensive in-plant trials. In addition, the
output Irom processe simulations can be helpful in Belecting
variables that are useful in process control (for example,
ram speed or load monitoring) or finished-product quality
control. The advent of these computer-based technologies
will help in eliminating the hidden costs of trial-and-error
desing and in increasing productivity in the metalworking

industries.
Future Trends

The metalworking industry is likely to 8ee changes in
the majoir areas of materials,processes, and process design.

Some of these changes w:ll include the following.

Materiale. Developments in materialsw ill greatly
affect the metals that are formed. These will range from
aluminiun and titanium-base alloys to alloy ste-le and
superalloys. New classes of aluminium alloys that will be
Proceesed include aluminum-lithium alloyse, SicC
whisker-reinforced aluminium metal-matrix composites, and
high-temperatyre powder metallurgy alloys. More use will be
made of B-titanium alloys., which combine good strength and
toughness, and there will be increased use of
thermal-mechanical processing {for tiatanium alloys and
superalloys. In the ferrous area, microcalloyud strels, which
permit elimination of final heat treatment by controlled
cooling after hot working, are becoming increasingly popular

for a variety of automotive applications.
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Process. In the forming

methode that give rise to net

increasingly used to conserve

machining costs. These process

ieothermal and hot-die forging,

sheet materials. There will

automatic tool change systems

times decrease.

Proceas design.

pPrograms and decreasing

will be significant growth in
tooling design and process cornitrol.
will be more interaction between
vendore during the design stage.

also be

With the development

cost of

metalworking
will be

to reduce

Process area,
er near—-net shape
materials and
include rrecision forging,
and suprplastic forming of
increased ume of

as lot sizes and delivery

of user-friendly

computer hardware, there

computer-aided techniques in

In particular, there

Pparts users and parts

Process eimulation will

Streamline the design Process, and thie will decrease
delivery times as well as the overall cost of fabricated
components.
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Pavel Tamek ,PhD

CEVEL OPMENT 4AND STPATEGY OF MACHINING TECHNOLOGIES

Summary:Invalvment of electronics and introduction of new man
made materials are followed by 1mplementation of new machining
methods.The oversll reduction of number of mechanical parts used
In machines and i1ndustrial equipment together with net shape
prGoecses means decline aof metal cutting and metal forming in
Tuture.Nontraditional machiring methods as laser ,water jet ,EDM and
ECM  are shortly Fresented 1n the paper to ilustrate new
producticon techriques whick will te gasining on 1mportance in

conjuncticn witt rnew material alternatives.

14
.

ntercduition

Manufacturirg 13 3 pracess b, whichk mater-ials, labor,energy ard
FLuipTert  acs combined t3  produce an cutput having a value
TEster fagr tre sum of arputz.TRoo Ercad definmit:an cof

TaruTazturing  applies egually ~ell tc an electronics plant.a

tes! mill,o nachine stop.For our purposes we will concentrate
iwim thaughit s on Machini~g Technslcglres composed of Metalworking
and Metalcutting,acs the most signtficant element of

Marufacturnng. & variety cof techkni-al crnanges have occured over
tte past decades.These charges 1nclude:

-tateri1al slternativecs

-mancefacturirg syetems

crentracditioral ,urzorventioral nrachirning

Those  teonnzlogy Charnge. ar2 1rportant ;hut. there has  been
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siagnificant changes n the products being
marufactured.Electronic products have replaced a wide variety of
mechantcsl progucts.Electronics have become significant portion
2f must producls including cars,all sorts of machines and
industrial equigment.Modernisation of consumer and industrial
products has reduced the need Tor conventional,mechanical
componente.These changes have been significant and faster then

expected.

2.Materials Al*ernatives

Material alternatives refer to the change from generally used,or
cormedity metals (primarily steelltoc other new materials.Figure
1 shows that use af historical,commodity metals has been
dJezreasing while the wuse of advanced materials has Gteen
rnereasing.Figare 2 contains saimilisr  information as Figure
l.but  &adds insight on overall mate}zal usage.Overall usage 1is
2ropping  although 1t 15 espected to start 1increase in mid
1790s . These predictione 1rdicate that usage maight again reach
the 1979 lavel after 27200,
The Figure 2 13 based o©n dollar value.lt should be rnoted that
sverall Grcss Products of 1ndustrial countries in the world asre
1rcreasing,which resns that material shipments as
Groes Products are and will decrease. Figure
hat absclute usage o0f comrodity metsl!s will decreacze
Ly ore half  o.er 640 years per:cd.As a percentage of werld Gross
Praducts <h:is would rndicate that Jsage will be less than ore
st1.th Of wh3t L was 1n 1970.E.en considering all materiale from
F.gure CO,the result woelid bSe a reduction in total materiale
ccneumpticn as 4 percentage of Gross National Products of
appro-imately crne thirgd.The combinati16n of forcasts for material
usage and growtk  sf nstional CNPe 15 suspect and will grestly
differ :1n de.elopped ard underdevelopped countries bul the trends
are meatingfal: '

-the ahsolute usaege af commoditvy metals has and will continue Lo
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decrease
-overall material usage as a percent of national GNP will
continue to decrease -mater:al ussge 1s shifting from commodity

metals ta advanced materi1als

Figure 3 shows what is 1ncluded as advanced materials.These
predicticons show market forecasts for USA and Japan.The USA and
Japan are the worlds largest economies,so these forcasts
effectively represent the world trends.

The pecint her2 1s not to discuss the materials future.what is
impertant 1s  thst sdvanced materials are not generally used in
tre =ame war as the traditicsnal metals.New properties of these
new mater:als regu:ire new machining methods and thus new machines
~r€ tc be developped but generally cutting and forming are and

will became less significant.

3.Marufacturing Systems

Manuf.ctur:ing syotems have changed over past decades even where

the products are teirg made of comodity metals using traditional

processing  technigues.Faiqure & shows a simplistic view of
matufiziurir; 4z s system."he 1deal:i:zed,historical machine shop

~eld base cnly metal cirtting and metal ‘orming egquipment.

“igur=z S shocws e«tended view of manufacturing,where primary

arocess 1o ometsl cotiing or metal forming.

Prezproczsses sre those operati:ons dome 1n-house or by vendars
terial for the primary process.Considered are

LroCesien related to the products bei1ng made,as

forging,casting.powde~ metals and cleaning.

Szccndar, piracesses are  thocse done on the products during the

grincipal processes.Caampls are  heat treating,welding and surface

treating.This may bte done at remote places by subcontractors or

inside tte glant . Whether dore exterraly or within the

nilart,secendar, wrolezsese are sccounting for even increasing

wortizn 3f procsscsing and productisn cycle time.
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Fin1shing refers tc those operations that may be completed after
th

m

maThining ie done.This may include
ssserdlv,zpa1nting.1nspection and packaging.

P-ircipal aracesses regcresent machining operations
tremselves.CNC caontrs!.machining centres,manufacturing cells and

ranufacturing systems are all aimed at improving these principal

processes.Similiar developments on tool material,high speed
vachining,machinery and tool sensors are all directed at
1mpraving the primary processes. Locating of Principal

Processes,Prepreccesses,Secondary Processes and Finishing may be
differert.Subcontracting systems,where these processes are placed
cn di1fferert lccations are widely used.On the cther hand combined
asprca-h,where all of these prcocesses are concentrated on the
same  site 15 used 3s well.The oplimum approach would be to
rintimRlzEe the neeld for material handling snd control directed to
reaching the miniaum groduct:son costs.One way to do this is to
integrate Lr2pTocleses,secondar, srocesses and finishing

Jperalions: ~ith princi:gal procesces.

et stape sroZszzes for metals reolace or reduce the need for
“altining . These pUoTEsS2s  tave tser. tnown and used fer
reetal.largirg andd Zasting are used ‘or  centuries.The variets of
GEL Y aile Or SOE2s55es 15 ver s wide including powder metsl.d:e

A3 163,33u8fé Zasting. iscthermal forgirg,hct i1scstatic pressing

el .

IS Larmrels ! ~roduits net shape procescses have even greater
tppact . AIMesL all glagt:ic parts are made toa final shape with
tinited f.risning and sccasiocnaly ciher machining
ve2maticnz=.5imilar!,y Z“eramic components are normally produced so
that LafpTmam machinin te needec.Similarly when advanced

cIivproites a2 used,ths procces noraaly  produces the net  shape
"ty end 3Gal” «hes ra2guired the rachinirng 1s very difficult.

Mot chafe  riceTnes are Claring ever  more significant role.This
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i1s occuring for metals for econom:ic reasons.The result 1s that

less machining 1s te:ing used.

S.Nontraditional machining

Nontraditicnal processes may be mandatory for zdvanced materials
where clasica! machining methods are uselese,but they are also
having a major 1mpact far traditional metals.Water
jets,lassers.,plasms arc and electrochemical can be used for
cutting,replacing trad:i1ti1oaal machining methods . Net shape
processing can produce parts requiring little or no machining.

Traditional processes have expe-ienced incredible 1mprovements
through 1rproved tcol mater:als and coatings,computer
controls,mater:al harndling,etc.As & result ,even where
rorventicnal metal cutting and forming are used,it can be done
muLch wmire effect:vsly. A single modernn  machine may replace
s ver:ety of specialiced equipment ard will provide output that

would have reguired severa! machines 1n esrlier machine shop.

&.The consumer ccorcept ond product.con planning

The terhrica! (hanges decribied above nave been acceleretad by ‘te
ToTsurer philosophy:The bas:c  marteting strategy,which  fallows
Eavy cumpet:ticrs in aill irdustrial brancves.1s based on

npczitive re:pord Lo mast cl:i:ent wi:shes as  technical and time

Gselicer., are Zaoncernec. It Fas Ted to new wa ;s cf
vrodusticn,.chiaracterizsed by adoptiaon cf all possible mears
eadirg to gquich ard fle.1ble respod to customers

~1shes:computer &.ded desigin,new machine design and flexitle
marufactoring.

Undeor these C.rzungtances new mechanical concpets for
m.lt1operaticna!  rachines or connection of different processes

have beer aZopt+~3.Tke idea of smal! bateh productaion,integration

FINAL REPORT, VOLUME III, Page 74




of processes and optimization of handling was generally accepted

and erabled by using new computer control for real time
managemert and process planninrg.

The 1nfluernce of the new Jonsumer oriented strategy has changed
tre primary processes cf metal cutting and metal forming The
zlassical bounder 1es between these two basic technologles from

the point of applications are naot sa clear as they used to be.

7.Metal cutt:ing versus metal forming

Machining using meatal cuttirg stays as a major praduction method
applied 1n the 1ndusir s .Considering the wor 1dwide production of
machine tools in 1992 compared to previcus years,only very small
increas of metall faraing mackines in proportion to metalcutting
may be ceern.Iin this paint the forcasts made in the previous
dacade have not heen entirely fylf1lled.Table 1} 1lustrates the
ratic of cutting and forming machines in 1991 and 1992

‘egtimateg?:

1291 (% 1992(%)
cutting forming cutting forming
Tapan g1 17 78 e
“ermar s 63 32 65 3s
J5A &9 3. 72 28
Iraly 57 32 b4 36
Chira -7 22 - 24
Taiwar 70 20 70 30
G1inGapecre 89 il 88 12
Tzechosloval ia 75 25 75 25
Table | :Waric wice mackine tool productlon,ratio

cetween maetal cutting and metal forming
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The last two years have sezn ng changes tn the cistribution
Lelwean cutting and forming.When we compare the current situation
ts 1785 we ®ma. see c©nly a small increase 1n favour for metal
Yarming.as :lustrated an Table 2.The most important 1s the

incrasse of metsl farming machkines production 1n USA.

1985(%) 1991¢%)

cutting forming cutting forming

Japan 81 19 81 16

Ger mary 7C 30 &8 32

L'Sh 75 2s 59 31

woi- 12 wide prodaction 78 22 7 a9
Tsble 2:Recert changes 1n metal cutting and metal

furming rack:nes distribution.

T meLlZ te moted thal 1722 =statisticz  ilustrates *he wor!d
frliec 1 matibire tonl produetticn.The cocline of production world
P V3 s.ustart st has  dreppsd for 19% 1n m=2tal cutting

albires proguced end? for 20U 1 wetasl forming machines praduced,

W ow3riZ Lrises 02f  all wectors of industry which has been

3 tve ma:0r peliticel crange2s 1n the world,characterized
Dy R fell of Suoviel Unaen srd recent heavy reduction  of arms
Brotantron ks zocoien dov.i th2 ri1se of high sophiticsted
TanuTICluring “echnol.ugr .Plans fcr advarced computeri1sed
morwafactering systems cr coemputar 1ntegrsted manufacturing had to
be postponed,carrelled or modified.More realistic and generally
Mmeri eccramic sclutione asre currently used.In agreement with
cre..tusly, gdeciribzd changes,the general  dfemand for machines and

LA AT Ll eqriLment  Fale cesn reducad and the esisting
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pgraduction capacit:es 1n Europe,USA and Japan are
super flucus.Current demarnd for economical machines Grows, only
tcwer invecstment 13 acceptad.High productivity and high qual:ty
producticn must be ensured.Reliable camputer cantrol 1s becomming
a standard - but only necesssry and economical parameters are
demanded.Unmanned production 1s not poir:ted out just now

This 1s considered as temoprary si1tuati1on but 1t girves si1gnal
that only eccnomical sclutions in development of new machining

methods w1l be accepted.

g9.The lasers place tcday

Since 1ndustrial lasers,especially for metal cutting,have become
common . they picbably no  longer belong 1n the “nron traditional
mschirning” categery. here are companies ‘hat have hundreds of
lasers :1n praductior ang many ccmpanies that have tens of lasers
asrufacsturirg & broad range of products.Some laser users have
ez of thouserds of wmanufacturing woure on 1ndividual laser
cutiicg melChinics.

cutting malhiings  wWErE all of s=imilier
zsijr.thzre 13t oSy S voristy cf machine designeés ava:rlable
tz patertisl a5e- S, Thase machines 1~c luce the sheel grabber -
srabe: the shaet i3 moves tithe wo.:ing table design ‘the gpart

&

12 o t%=e tsble ang mowed!,ihe moving heam design and tre

The  Laefolness 3¢ laser  cutiing machires 1s shoen 10 the
sy orait. f 0 izbz thot thes rur.These machines produce items as

SAi.er s an short i automot:.e Jdies,french fryers etc.fs mcre
ranufasituring -nepan.es  1mplensent Just 1N Time 1nventory
-sragement 1t an arpected that they will start wusirng laser
zutting  to meet we nezd for mimimum inventory and stili: give
uetomers fast delisery.Wite laser wutiing 1 ncC "hard tooling"”

crly sofitware proamning 19 required.This makes changing of
_roductinn &any.ne reed to maintain a large materi1al invertory

v timiniohEd,
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A newer solution 1s an 1maging device 1ntegrated into laser

e

cutter.Shests are punched an a press and then brought over to the
laser.s CCC camera locstes & pair of holes on each sheet and
rereferences tre a«@s Lo correspond the press.Contour cutting 1s
troan performed tc close tolerarces by the laser.

&g for industrial laser amachining,the high power,solid state
industri1a! laser are being usad.Machine tool producers are
graduallly adopting the i1des of multiprofessional machines where
laser wmachining 15 use together with metal cutting.Laser
mach:ining 1s sti1il at i1ts opeginning and 1t finds aplications for
machining cf spec:al wetals.where other machining methods cannot

te appl:ed.

2. Water and abraui-

r

st rabes tradit:cnal macnining valnerable toc the influx of new

e

cosn-tracitiors msztiring?Mew mater ials which are difficult tc
eriticnal wactirming mcthods 1s cne factor.Another is
tre elirinat ian sf 1xdirect coete such as tooling,NC
LrsranTang,et-ap time $7¢ 30 ap Zve to mistakes.

"TRe a2zl rco.:izoes anpllcatiicn Tor a new or aan-traditians!

richinirg bty method s thas af sclving cutiing
srotsler.TRe cot-ade-ilish of  manv Oow o manmace nater:als  le? o
L robiems Cconnacted witt theErr o asrhining.

PO SR S sadly o3 Aow 1 a gaond  ecample of enhanTed cot
saalit L. cireased spee! a4nd elixrinastizn of  process steps .Normal

nactiring methods -2 wselsss for thiz material.
The Wroarvesel.oFich  combines  an abrasice  with the water et
3t 3™ 12 Cupable af cuitt:ng mczt meterials.

The . ers:to f naterial. Lhat carr be cut with abrasivejet :is

"
B

st ztanzing ALY 4y pes 0of metals 1rclauding titanium to 200 mm
thizt manrade materials suth a3 kevlar anc graphite fibre
oMpansnts Rave hEer cut witrn the atrasiveleot.

Padguct :orm of processes Hteps 15 oftern & benefit of using

Orazt.ejet.Thog 1< demchstre-ed with methods comparisnn  of
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producing a 10C mm diameter hole 1n SO mm thick tool steel.Table
3 indicates & lower cost and reduced lead time compared to

traditiseal machiring and wire EDM.

step traditional abrasivejet wire EDM
machining
zomnerts stanasrd 31000 ¢ 125000%
equipment abrasivejet EDM
meterial zawinrg nane slug slug
cat rale 2 S5urs-60% 0.5 hour-9% 8 hours-23$%
~est trest © to 3 dar net rex'd not req'd
fimist grinc ¢ kours 2 twaures not req'd
total Cost 2173 73% 168%
3-¢ da.s lead 2.5 haurs 8 hours
lead lead

Tale 3:Camparison of methods

N Electroschemice!l aind electrs discharge machining

Elaectro-discharge ®achiniing (EDM* anc electrochemicsl machinlng
‘CCM! processss a7E presently Seing used 1n industries to meet
ot allanges posed by machinirg,deturring and grinding of advances
naterials.

£ENM 15 a process of removing material in a closely controlled
msnmar  from an  electrically conductive material immersed in
g liguid dielsztric vw.tth a szeries of rnan-statiocnary and transtient

zlectliyic sparts or di:icharg=s. Tre toocls electrcode rusually cf
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eafter mater:ai’ generates 1ts mirror 1msge an  the harder

[ 1]

~3rtplece 1° &° appropriate gap 1s cort:nuously maintained.The

s-asias of aork aeterial e irdependent of aechasical praperties
=F the worbpiec2.ss tte tocl 13 -acde of  safter material such és
sraprite or copper,c.o0se iolerances sven for complex parts ¢ such
&% precision comgonernts reguired 1in the productior of i1ntegrated
circults 1r the electrcnic 1ndustry) can ke achived.However slow
mszhinirg rate.arcing and result:ng surface damaging are main
d:isadvatages cf EDM process.
= ECM the passage of the direct current between two electrodes
tanode-wor bplece,cathcde-taol) immersed 1n an electrolyte results
disscluticn of wort material and evolution of gas at the
catcde.High rischiring  rate and smocth,damage-free surface
~e passible ~ith ECM.The main disadvstages with ECM are

poor gecretric talerancas and 21fficoulties of appropriate tool

T ..AFILUE cETSEICNS GOfF & process that combines the basic
fzatume . <f EZM aid ECM hRave been propoced concentuslly.This

coebiren foooes: 1s cxilzd Electrochenical  arc machanirg (ECAM)

&M o raz g gr=at cotential for  appl:csticne n long-hole

~cilingesansteing of - cuaghls machine?d surfazes,turning and wire

L LT .
[ N P
fee D lie.on

A Gt Ras Leen sesr the fow trercds sre heading to civerzification
S5¥ machLooirg metkode.Under toe influence of market econsm. and
Jnlitioal zhanges  Lho gerner sl shape  of 1rdustries 15 gracualily
.G chuarged.Cas.ially. with few man made materials snd net
sitapE o 13y with  reduct:on cf meihanical
companent s due o wide spplicasticrns of electronics the machining

DO FSSE 6 e anc wiillo e loosing their prioraty in

tem mrar .fact or g methode ied fur new matarials will be gaining

FINAL REPORT, VOLUME Iif, Page 80




G the 1mpartance. That i1s the outlco: for next decades. [n the
current situaticon it should be poinied cut that the crises of the
worid irduztries will influence ihe praducers to accept the mast

of rewly developped metrods and

[«
ve
n
3
tn

elgran:csl sctl

W

crozesses.The exgected ocutcome af new bhigh-tech methods may be
s:ocwed down :n this cornection.,

Urder these cirumstances the machining using traditional methods
like cutt:ing and forming will Leep 1ts 1mportance for a long
tire.

For strategic decissiaons it 15 necessary to take 1n to
conc:derations 311 the above described outcomes.It 1s obvious
trst trte classica! bGoundaries for aspplying classical machining

ed.Produc-ticrn (olumes are nct the anly criterion

3
[IH
4]
[AY

hl
W
Al
L}
i
T
"L
3
[a]

fir chacsing gorcpr:ate rarufacturing methed.More i1mportant

imflae~ce cair fleqibilit, anmd cost effectivness.Particular cases

Tusl he 1m3t1.1cuall.  corcidered to chose optimal way of
srzduction. it s prabably o need tc remark that in great
Ta:a31ty ©f casesz Lthe canvertional manufacturing ways are
et Teat), St the mIet 2ccromical ores.

TH STratestie g T1u510¢ concerning the fulture should take 1n

= ztrzessing rnew materials and new

me 1 .larn Machinlzt Februasrs (737
roceedings 57 4tr 2iaonnial international Manufacturing
Testra g, Confererze,IMTE 30
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M.znufacturing
' s » Produc:
Snergy > Plant
Zguipment
(Capizal)
\ 4 4
Waste Scrap
Figure %, A Venufecturing System.
Secondary Processes
o ez Tremting
o Welding
o Chemicai Trestment
A
Y
Preprocesses Finishing
» Cesting Principe! Processes » Assermbly
’ '.o,cmg > $laeat N eet > » Fainting
e Sizing | ¢ e e Sutting
¢ n%ipr F ; * Pazkeging
_. C’thlhg ] BNZ/DY FOIMING k4
Figure 3. Zyternied View of VNechinirg.




OTHER TECHNICAL DOCUMENTS
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Environmental corditions for teste

Jaroslav Bauer, M.Sc.

MACHINE TOOLS TESTING
(Lecture for inspectors)

°h8ll correspont tn the technicusl specifications of the
zachine under test

for a1l the sccuracy tertis the tezperusture of environrent
should be 20°C,

- for soze cachineswith the high sccuracy the temperature
shall be 20°C - air conditionbng roocs

- Zfor another the tecperature ney 4i®®er from 20°@

- in any case the changes of texperature n’ environment
chould no: charnge more than + 2¢ ¢ during the measure-
nent

reasuring equiprient

shell

¥ 3 N -
“€ fultedle for the reusarecent froc the point of

view of - arrangseceat ~n tae ~sesie

- accuracy

shal! e perodically cali=rated | metrology nr-oanizatien
snd sctivities'

Tests
1 Tunetion 02 the ~achine
all teh functions and their comhinstion~ in the whole range
ard in 8ll machine modes -~hali be veriied
- The manusl centrol rode - “unction ¢ all control
sctustors wnd the respgen-
ses af the muchine
-The eutorcatic contreol zode - te~ting nro,gram which
contain=s 611 the ‘uncticns,
thelr chancer and possihle
covbinaticnn
- The step Sy s=tep mode - the cure crograme a- for the
autormatic zontrol zode
2 Tecnicusl specificution c¢” *he ~achine.

The tlechnical n~peci®icntion ahall ‘e verified.

Tapecially it <houl! e verifiei - lenaxne® of cachine

surts strokes /tuble e.t.c
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Environmentel cornditions for teste

- =hall correspon?! tn the techinical specifications of the
zachine under test
- for 81l the sccurucy testis the tezgerusture of environrent
should be °0°C,
- for some cuchineswith the high sccuracy; the termperstura
shall be 20°C - air conditionbng roocs
- for another the tegmperature zey 1if%er from 2c¢°e
- in any case the chuanges of texrgerature n“ environment
(.

should no: change more than + 2 during the measure-

nent

Measuring equipnent

- =hall Y%e suitebe for the -eusarezent from tre point of
view of - arrangseceat ~n tae ~actine
- occuracy
- ¢ehall ®e perodically calizrate? zetrolosy osranizaticn

5n¢ sctivities'

Tests

1 Tunetion o2 the ~achire

all teh functions and their com®ination~ in the whole range
ard in all machine rodes -halil be verified
- The manual centrol mode - <usnctiorn c¢© all control
sctuatores wnd the respen-
ses o the muchine
-The automatic contrecl zode - te~ting progrem which
contsin= &l1 the ‘uncticne,
their chancer and possihle
covtinatiernn
- The step -y step mode - the care grograme ac “or the
sutomatic control =ode

ro

Tecnical sesrecificution ¢© “he rachine

The technicel nspeci®icution ahsll “e verified.

Taspecially it shoul! ke verifiei - lenans of machine
purts strokes tuble e.t.c)
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-r2lozitias af -sinile
rotation (i

- Teed rute
- Zua iirencions of sarrriace
3 Imzertant ~machine surts
3.0 Suldeasy-
The zuality ¢f puiderarss chall be vapr: “ied. r=poislly
it shouldte verifie--
- 17 the surfsce o tie cuiis way- 12 ot danagel
‘no é%apes ~T srotlier cnortcemingse)
- t.ne wigers {(or covers) o€ sui exi:s/= sre not Aeraged
and 1?2 their “urctioc: is sood.
Fote - fror the quality o (ul:eauzy: it is= possihle
to recogsnisze the cuulity oF e miuint® nance’
- the backlaesh in the suideways

F

-F

Crives

poritionnl part)
—~

The fluency n’ the cevemen:
“ied, when the cin. velecity [®ee? rat:;i~ used

No stick =ligp ~oticen
2isl gauge ~hoslinet

14 303 I

Bpriear the hnnd of the

TLop .
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3.4

——— - -

Coolin:~ equio~ent

Especially it <houl?d Le verified:

- if it i3 peazible to a'fust %e Slos 2 the coolant
to 8ll1 points of cutlinie process

= if 11 17 poacsitle to llust the cuzntity o€ via zoolant

i
which flows '~ the £ custing sroc=sse

Soirile

rrhe or--per =al “nt oef the opindle feurinss chall ke

el
verified. Eapecially ths clenrence i:n thue Sront ‘aearing

- -6

<*0ul?! t@ coae)re: ¢

— [’ - '(ﬂ-’/"’(l‘,’(
/45 A(;
- ¢ > = A -

4,

/
v,' -
/I.—
//
L r 4 -~
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4.1

Accarucy

Accuracy 12 one of the rast irportart

sachine tools.

ceoretric sccuracy

rrozerties o0° the

Geccetric accurasy - the sccuracy of ine shapes, -~elutive
nogsitionc end relative moverentis of
ine mwechine nuris
It =hould be tested accoriirg to tre rstionsl stgiarbp
for particular typer of -achine tools. “hese staniards
ehouléd corresporl to the I.IC rtariur: - acceptance seviation
conditions feor Carticular type c? ihe rachine- perrisciklers

The hase

Acceptance ccde nr ~aschine toole,
accuracy of machines operal

itions
In thisg

cond
cLaniard -

~est conditien”

Ir.etaletion 2° tha

Temperature ~7 tne

Tor 8ll the ress:urecent; i~ =tandard I<C ~30-

part 1 tric

un.der 7o loo?

_ ieore

Lo
-eal

or “iniching

conditicns of peucurerent

reletel te the georcetri-

machine -foundaticn uscoriing to

techrical <pec:ificution

- levelin.- 0f the rachine mccor-
diang to t... rmanufacturer

instruction=

machine - wll the conponents /<pinile)
ahilch are liskle to asri up
sne conceruently (0 chunse go-
gitinn o oabape ~null be Sroaght
tn the cerp=ct temermtnre =vu
running e machine ifle in
L0 lanes itk the e dition af
Lre i one lrootrugtians of
~an ot irer 1Lrert

- nrownar fensts ~ coll oontiticns

itenper:ierae n® envirsament?
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cefinition= an? reasurecent metheds - -nst iportant

Run out - cut of rourd - error relative to the circular
“oro of tne component
- radisl throw of the &xic o the part which
iloes not coincide exactly with the axis of
~otation
- the error-s of bhearings

- /
wus of redevior

-\ .
L ' I—_i> erccs  of resccaf

Periodic axiul alip - exztent of reciproceting rotion

Llong the uvis ~2 a rotuting part

‘l

Y} _TP

-

a3

;
I

FINAL REPORT, VOLUME 11l Page 91




Carming -

measuringg a: 112 bx1al ~urfrce
Jefect ¢ the

ie the resuilitusnt & —urio.n

curface un! axis of rotation

T N N—

ratatiqn

1Y surtace mat Tlat -~

B Surface und axic gf

perpentiiculur R

"
o

axial =lip

<«

o

t
t
~4
1]
'
.
H

1

—t
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Straightness

!3‘

A Yire located in a plune iz decred to e sufiht

over & icen lensth, whenell its points are rontained
“etween two struight linas puraliel te the jenersl diree-
tior of the line, whose .lstunce apgart is ejusl to the
tolerance

The general direction ¢ the line {representative linel
shall te de®ined so as to minickze -he staightress devi-
ation. 2ut it can he cornventionally define? "y two

points choser. neusr th2 the ends of the line to bde checked.

o IS SE~

= - v S
-~

;M " // j’”’
e S

e Zmu b

.’.‘

e}
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Stroight line r~otion

Lirear devistior o~ straisht line cetion

1s defined
by the struightness o the truectory £ the “unctio-
nal point or ine representsativ- point of the coving
cozponent - if the part curries the tool, the fun -
ction-4l point is the position o° the tool

when measured, the disl guau;e snhall be alweys placed
in the position 2° the tool.

[ S

{ N
[
A
}
|
\L'

I -
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Anyrular deviations
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rarallelisr

A line 1< Jeezed to %e parallel to the plane if, mea-
riring the distance ¢’ this line frox the representative
line ef intersection =€ tne plane u? the rormal plare
including the line at & nurter of points, the rmay. iiffe-
rence observed within u . iven rane  ines rnot =2iceed the

rreletexinatel value ‘tolerurce)

. '
I'(/ﬁf.‘ L4 4

Parallelism o€ =otio~n
The tern parullelise ¢ zotion referes to the position
of the trajectory of the functionsl point 6f the moving

part f the rmachinz2 in relation to - a plune
- &4 straight line “axis?
- = trajectory of
& poilnt of snother

roving part

Icportant - puralleliar includes <traightness
- The unit of “deviation iz not the
#ngle unit hut the unit 0? length
within u given range o° :iistmnce /movement)
cr. which wue measured ‘mm over the lenzth c?...orm)

{mC Der o... mm)

FINAL REPORT, VOLUME 1Il, Page 96




Bsallelione of

V 046'11

FINAL REPORT, VOLUME 1T, Page 97



- 12 -

S3zuareness of strai..nt lines and nlsunes

740 plsnes, two straight lines o2r a straight line and &

parsllelise in relstion to the stsnlsrd square ‘oes not exceed

rlene sre =ail to te perpendicular, when the deviation of
the predeterminate? value
\
|
|

a) Scusrrness invelves straihtne-s
The unit of sjuarenes i3 rot an;;le anit but

the unit of lencth %ithin & given range of distance
‘zoverent) ceasured - rx over the length of ,..me
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b .
) squarness doea not involve straightness

--—x

r ini - 1
fhe unit of squarness is the angle uait em/1
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Repeatibdility o positioning of manusl controlled
ra8ehine parts

The repeatibility of rositioning of prsitioned machine

parts beeing set several tirkes (1C times) to the target

position by reans of pesitincning parts (handé wheels)

<hall be checked. io

Note: The target poei |'is the theoretical final position
of the positioned part defines hy reans of control,
in this csse by meens of positioning part (hand
wheel)

Veasuring - the .lifference tetween the actual position
and sorme <elected position (us=ually the
fir-t actusl position' 13 mearured - ‘gx°
n tirmes in three positions of po<citioned
sart i1°% | 1/2 and /5 of tke length of the

stroke
Cree ((ln/ Prolrss Pw’r

) —— e = =

Tvaluastion

Repeatibility o positioning

where
N..... nunber of ressurecent~ {1¢)

A% 0o 2ifference of position “or
particular measurement i /i=1 = n)

—

4% e.ee. 8verage of difgerences rmeasured
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4.4
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The repeatihility found shouls te in the conformity with
the technical specification of rachine or with the reco-
rrended valtes - see Arzex A - Genera! directives for
inepection

Repeatibility of positioning of pocitioned machine parts
~shen the position control system wth dogs or stops
is used

The ressurezent end evaluation is the same as for manu-
al! control

Accuracy and repeatibilityv of positioning o® NC machines

The measurerent shall %e carriel out according to the
ISC 230 - 2 Acceptance code “or rmachine tools - Part 2:

Ceter=ination of accuracy and repeatibility of positioning

of numerically controled machine tools
Xote - the standard is under ravision - nearly finished.

according to the last draft

Conlitions - st the begining of the measurement the
rechine i< in the coll conlitions {terpe-
rature correrponis to the terperature of

eavirenrent

sea<irecent - lLaeserintaer®eroreter
- optical scale
-atep gauge

Re flecdor l ' [ der ('('a Pl

SRR -

| 1
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Lirenr mevenent - rinirmur 5 target osition om the length

o

i
£ 2 ©. The value of each target po-

=ition can be freely chosen , the distan-

ce bhetween 1s0 turret nocsitions should ke

r=(N-1r)>p

“here 15 an iteger

r i~ a ruasndor decirel fraction

-~

1
the axis urnler test / e.g.

s the largest cyelic pich of

ore

rotation o7 the reuc<uring lead

screw)

-otary moverent - rinirum B necitions inclluding 9C°,

18c®, 27¢° , c° .

The zeanurecent shoul? be repeatad 3 tires in both

2irection of movermer.t u<ing “"linesr cycle”

fr’lr./l-i/ ~ A lavgel 1TSS B'
o_-/L g > - > e D $ {
yo: ﬁ/ V. PL PJ ?‘ ’pf— : P‘
l > O ———-a - -- - v
P Sy
i
__.-_O_a: Pl & ———— e - .. e
— -—o- —e— - - © & - A2 = —
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The Zevietior ¢f pocition s mensurel ln eacn tavcet positiorn

vy
G
"

1 = L 0L il s ter 2T tercet noacitiens)

»
it
"

4
{

-
¢

n

[ ad
.
—

icriticn for § mezea-

€.,
P
b
’
’l
ot

TeZent I8 turoet rasitiorn

vulaation

fnen 1t 1= cul-~ulute:

ino2sen tarcet perition

i~sition’cor wech Zirectior

1 N
-oj -) - _T,_ A xii -)
7 w L 9

Y . -y = - - VL. ..‘,
: R
[ - N

-ne revarssl ov=lue for aath turcet [esition

Jre estizutor ~f the aterndurd Jdeviation for
esch tur.;et pozitiorn, Separalyly Yor both irections
~f roversert - -

L]
~
[}

~
H
i
{
|
“
—
R4
.
-
o
i
-
)
|
-
[}
-
ha
!

3 A S .

radirectisng) repeatinility ‘or eacntuarcet ekt T

tion “canuricsl Ten Nl iractions)
P A

L -~

-." . - = ,",:j'l‘..‘,
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33x1733 repeati™ility ia %ats cirestiorn

‘e = maxY vilie of .-

-2

Fresentation o results ¥.(-) i)

Sraphicsal

|

[

t

t

+

‘

[
1]
.
'S
L]

N
w
<\
o
hY

cnidtipeaticnel repestitidity o 0 -ax volue of wi-)
zns R(=);

Varirel revarsal value 5 ‘mav valie of 8.

Accuricy A - =e2 i
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4.5

Linear interpolation

‘re accuracy o€ the resulting linear path thst is pro_
cuced by the sinultanes.us rovecents o two positioned

parts in two linezr arzes {INC control) shall be w~easured.

f)
1]
)

-~
(ST, a4
RA2T = W)

he inclinstion of the puth °a th
(9]

v

s

.
o

relecity revezent u~el - v

rEX
Veusireren! $n- hHati Zirection 0 —~-.-—ent without changins
the srrengerent ¢f the meusurement
Jle test ~nould ‘e sarcied out inall coornidinate plenes

cf the muzhiine

=>. .
. "/, o, |} ,’llél" wUrd sy
P - —- ey ) e et e
~— e _ \',K v . N
\ - i ‘ Pl
T g ~ g’.' 4 B i T )
A e - ~ Y
H, R

970

re difference of position of puths A%, -iji
' t shoul? be rax 2Cpz. I it is more,
the velocity cornitant ~f urplification of the drives
in 3ction 18 not cor:ect - it 3h0:1! *: tie saze Zor
611 4Arives., ‘Foolesi: - >2rrep;
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4.5 circular irtargolation
The eccuracy

of theicirculer pauth }rusulting thnt is pro-
\————— -
slzultaneoas mcvezents of two pcaitioned

axes shall be measare?.

Zuced 'y the

c&rCtS 1in two

The rceasurezent shall te csrried out according to the
ISC 23C~4 Acceptunce coie“or =aschine tools - Fart 4:

Circular tests for checking IC machines
Vecasurerert

4
’ .
ﬂlé: o4 :

c7valustion

Zircular “devistion - Tne minicu: radial separation
0f twWo co:ceatric circle~ eanveloping the
zctusl p:i

th iminizuc zone circles). It rmay
e ceonventionally evzilaiie

‘h
)

a the max,
radisl rapge aroun? the least square circle
Circulsr hysterezis - max. radial difference between

two Aactusl puths, vhere one peth ie carried

cut hy clocxwine contouring and one by counter-
clockwise

4.7 i~actics]l tests

teuts an sorzpleces socordiry to the IS

zendiitions Tor purticulur type o€ machine tonla
e carriet out
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Forced vibrations

\v. - -
The effective valueeo? velocity and defution of forced vi-
. b .
trations { cause.d by unbalenced macdine rotating parts)
shell be measuren

\easurerent - om the spindle head in the plane perpendi-
cular to the spindle axis pn:l pasing through
front bearinz in two dJirections perperlicular
one to another

- 8ll RPY svailable shsll be used

- 8l1 ejuiprent on the machine is switche? on
-toth the sz2ll balanced worzpiece and the srall
balancecd tool are clamped in positions
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