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1. INTRODUCTION

The Project "EXAMINATION OF CONDITIONS FOR ESTABLISH
ING FLEXIBLE PRODUCTION c » »YSTE.MS" .1 l i v e s  t  i gat  i o n s  •> f  i M - U K ' i ' t l

n) tliil)!' | ii » m | r.'iimiK >
1<) !',<< I i'-Management Community Cor Education of Vojvodi nn
c) Self-iManagement Community for Scientifical Work of 

Vojvod i.na
d) Faculty of Technical Sciences itself.
In the Project the theoretical (basic) and applied 

(practical) investigations in the area of establishing flexible 
production systems are included.

The main practically tested theoretical results are 
given in the appendices of the basic report

The main aim of the Project is to help the develops, nt. 
of industry in Vojvodina in the way of productivity increas
ing by introducing the flexible production systems - lines.
In connection with that the Laboratory for industrial rsvst <<ms, 
partial ly (' i n.mo'il by (fiii)P, is establ islicd. Tin- aim .is 1 o 
enable the testing of some theoretical assumptionn and models 
fixed on the basic theoretical investigations and to give the 
solutions applicable in industry. On the other side, the 
aim also is to make the base for seminars and training courses 
such as:

i  . l a b o u r  p r o c e d u r e s i n m e c h a n i c a l  e n g i n e e r i n g

2 . m a t e r i a l  f l o v ; s

3 . l a y - o u t  d e s i g n

4 . e  f  lb ' C i. i v r n e s s  a n < Ì rn a i i d  e n a n c e

1 ) . p r o d u c t  i o n  ; ; y  S I c m : ; c<a i d .  r o  1

for specialists from industry.



2.1 Long range objectives

The long range objectives of the Project are:
ii) To increase the quantity and improve the qualiv.y of

Project Participants and Professional Mannaers and con
trollers of Production Systems. Those personnel, are nef'<i<'., 
for schools and universities, economic planning and develop
ment progranimes and the industrial sector; and

(ii) To improve industrial productivity by the development 
and introduction of optimal production systems for 
various situations, mostly nr. job, batch and lino pro
duction .

(1) This a 1 !i! is i ■ i 1J./ isi during the work on the Project by 
the working team which at the begining of the work in
cluded 'the following experts from the Institute:
1. Prof.E.Cupid, Organization of Production
2. Prof.Dr D.Zelenovid, Production Systems, Production

Control, Reliability-Project
Manager

3. Asist.prof.S.Radlovacki, Organization of Production,
Decision Making

4. D .Stanivukovid, Reliability and Maintenance
5. I.dosid, Production Systems, Assembly Lines
6. B.Dzigurski, Work and Time Study
7. S.Bankov, Operations Research, Enginnering Economy 
0 . D. Malbaski , Computer Sri or.ĉ r;, Computer Proor.tmin I ng
' ' . V  . . . » » I. * > v i ' ' , * ' i h  » ' i « i I I » i . i { « . i y

i ) 1 * i i i » ‘ i C i I - 1 W O  \']l i'. 11 0.* i O  1 Î. i ) \ ! i j Kf  ; , ,  1 ’ O  i . i ] j  . ,  i . ; ,  Wt. ; ; « 1 i ; \ O  1 i i ( Il1 u  ;

i « *■ * * i'-J - » v i. O f l*1TCKi C L -L On Co a C i~ 0 J.
2. \. mavi ov.i.c , Material dandling
. h » ¡ - -1 1 i i i.' A ,J.O / • 1 .L O: U J C L .¡.OU S T/ * E_ ' î i i ; s

4, ?.. .arid, Decision Making, Engineerin'"- Economy
ksj.movid, Production Systo , Work and Time Study
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6. F.Kamberovid» Quality Control
7. Z.Si§arica, Information Systems» Computer Sciences
8. M.Simid» Production Systems
9. Cadjcnovid» Production Systems

10. Dj.Milid, Laborant
The members of the working team from other firms werei

1. Prof.or L.Kun, Operations Research
2. Prof.Dr B.Popovid» Quality Control
3. Asist.prof.D.Ristid, Organization of Production
4. Prof.Dr §.SereS, Industrial Dynamics
5. Prof.A.Mora» Decision Making

(ii) In connection with the work at the Project the following 
Laboratories are established:
1. Laboratory for method and time study
2. Production Systems Laboratory
3. Laboratory for production control
The aim of the investigations in the laboratories is to 
test the theoretical models and their use in the training 
of the specialists from industry» students and postgra
duate students» and for MSci and PhD investigations.

1. Laboratory for method and time study

is established with the aim to be done the knowledge transfer 
of time and work study by the application of MTM-1, MTM-2, 
MTM-3» WORK FACTOR» MTU and other methods.
in the boborntory the time noon:; by the methods of determined 
beforehand I hues are n e i n g  don<’. The aim o f  lh< I inv>"t l  |,M

1.1 on:; I I o be done the raLJ on.d J '/.it i on r»l processes'» on nr "lei 
in the cone of high degree personal work presence » such ns 
in assembling processes.
Up to now some investigations are dor.e in industry of Voi- 
vodina cf. INOVAO-OOUR "Okov" in p.aCka Tonola.
The programme or the courses from the area is.as follows:
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- theoretical basis of rationalization of work process 
with the application of time and work study n--Jiod:;

- practical application of various methods of beforehand 
determined times

- influence of that actions to the production and economical 
work increasing.

It is expected that: the real basis for technology trans
fer into the industry would be made by training of a number 
of specialists from industry

2. Production ^ystems laboratory

In the Laboratory the possibilities of flexible produc
tion systems establishment are investigated with the aim to 
establishe general assumptions and dependences which could bo 
applied in industry of Vojvodina and Yugoslavia.

The investigations in such a Project are initiated by 
the heterogenous production programmes in industry of Vojvo
dina. The Project results shoved that the investigations of 
the problem were justified by the direct apply in the produc
tion processes. The fixed dependences in production line 
constructjons arc applied in the factory projecting such arts

1. Factory of valves and guides for SUR motors in 
Srcmska Mitrovica

2. Factory of sphorial bearings in Tomerin
3. Factory of agricultural machines in Pnbkn Falnnka
4. Factory of agricultural machines in Stara Pazova
5. Machine/tool and gallantry industry "i::o,rAC" - 

— stores and assem.slmg
6. Factory of devices for painting in Curug
7. Factory of wire and stool armature in Mac
Flexible flow line* established in the T.aboratory for 

product! on svsl-.emr; giver, the pops Jbi 1 i i y le I uveut Mi»' w..r'-
i ? t. • I i i * . i 11 * I i i . <■* » • 111 » ' i • » t • i f l i * • 11 ■. * ’ T  ! 11 * ■ m  t > ■ ’ t • : . : .  t 1 > ■ | ■ i y  ; > L  I t ! * j  11 L  ! > * ■

line enable the parallel action doing in the one rat. i on an



such a» the* parallel way of work object moving from one opera 
tion to another. It considerably enable the reducing of treat 
nient and production series of the work objects. The transport 
system which is established on the line and at the same time 
enable the application of another transport systems is of tit' 
great importance in the flow forming, f.o the line enabler, 
besides L i e *  dirent production of machine parti» Cor metal 
industry in Vojvodina, the engineers from the industry to 
invorm themselves about the new work methods, about the new 
possibilities of the treatment and production series restric
tion, as such as the possibilities of various transport 
systems application.

Besides that, during the production on the line in the 
Laboratory the specialists form industry and others can studv 
the problem of reliability of the line, more exactly product’ 
system. The informations about reliability, failures (time, 
durât Jon, reason:'., repair costs, etc. ) are automatically r;e;n 
rated by Kienzle's devices. For those inverti gâtions the pre
liminary courses about the application of the methods and 
reliability techniques in analysis are organized. The corur.es 
about machine care treatment on the basis of reliability are 
also organized. The advantage of the courses is rapid and 
effective transfer of methods and knowledge into the produc
tion systems in industry of Vojvodina.

The necessary determination buffer stocks results are 
used directly in projecting of automatical lines for various 
production programmes.

3 . T.rt h r, r  ,i t  Ct r  1/ f u r  p r O i l u r  t  i  n n  c n n t r r , ]

The investigations In production control denond on 
the application of different technJcuor - mechanized and 
automatized (computer) data nrocemiine for rd arm ing and pro
duction control. In connection with the mentioned the oroduc- 
tion control projects arc done on the basin of tba plan of 
mechanized system for production control such as HIPPO in:
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1. "INOMAG” Factory in Backa Topola
2. Factory for agricultural machines "Majevica" in 

Bafika Palanka
3. Factory of valves and guides for SUS motors in 

Sremska Mitrovica
The part of the Laboratory which would be used for au

tomatized production control is being developed. In that 
purpose the computer system CDC Cyber 18-05 equipment is 
bought such as:

- desplay-terminal
- card reader
- card puncher
- modem
- printer.
In the future this part of the Laboratory v/i 11 be con-

IK’l'l I'll in il|i' I,.'lilt >1 .1 l l >l‘y lor product. Ion nyid-OlUS .

The production control (planning, launching , material 
and tool providing, flov/ control etc. in the production 
process at the processing line is done in the Laboratory in 
the Institute for industrial systems.

Production control traininq courser, are Intensively 
organized ospec.ially for problems which could be seen in the 
factories in Vojvodina, such as:

- planning and termining control
- work sheet control
- stock control
- computer apnlication in production control
The DISPO system work is practically demonstrated. 

/After those demonstrations several factories wore interested 
in application of the production system control.
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2.2 Tunned I ill:»* ol> jodlves

Tho immediate objectives of the Project are:
(i) To change the orientation of the research act. i v of

the Institute from its present emphases on theoretical 
problems towards a more practically oriented programme.

(ii) To improve the Institutes teaching capacity in modern 
methods of the management of systems.

(iii) To explain the capacity of the Institute to provide 
training programmes for manager in industry.

(iv) To develop parameters and mathematical models which will 
be relevant for the solution of investment problems 
generally and particularly for the metal working industry 
in Vojvodina.

(v) To develop and test with appropriate experiments, parame
ters and mathematical models in tho field of management 
of production systems.

| •' | ) j m I* *• tli*' I m ' * * I III! ►* I ■ » • f I * * * " pi I I 'i I *■' aiii»* I
trtiit services in the field of management of systems, 
survays, studies, etc., for industry and other sectors;

(vii) To facilitate the introduction of numerically control
led machines and computer controlled scheduled produc
tion systems into factories by ( l e v e l  ( .pi ny n p j  >roi >r I .i I >• 
fiynl. eiiis ami no rame t ers . I tiditül r I a 1 in inaMement pernniwn-I 
do not a|- present hnve orner I flif' wllll I he-;,. ef(|| | pniept 
and systems, nor do thev have the time to become I-now- 
ledgnble because of the day-to-day operating demands.
In connection with the immediate objectives in the

Project the following is done:
(i) At the begining, before the establish: ¡er 

Laboratories the foilowing theoretics 
were cone:

t of mentioned 
1 j. n v e s t i g a t i o n -

- product i.ona.1. sys tens (i:ovelonr-''.nt of f low ma fe
rial models, informations, criterions type and 
production flow choice
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• small batch production# batch production and 
mass production

- production control
- work and time study
- reliability and maintenance, etc.

The Laboratory enabled some theoretical models and 
assumptions to be cheecked in practice and to be applied in 
the real production systems - see the projects mentioned in 
2.1.
(ii) Personnel numbered in 2.1 from which 17 are permanently 

engaged at the Institute (3 professors, 10 teaching as** 
sistents, 4 engineers-collaborators) and 5 outside col
laborators represent teaching capacity in modern methods 
in the numbered areas.
The teaching programme at the Institute includes: 
a) THE OLD ONE

No. Subjects Semesters
v n VIÏI IX

1. Computer programming 2+2
2. Logical systems and components 2+2
3. Labour procedures in mechani

cal engineering 2+2 2+2
4. Tool machines 2+2 2+2
5. Automatical machine tool control 2+2
6. Produi* 1,ion iiyntoms 2+2 2+2
7. Production systems control 3+3
8. Quality control 2+2
9. The theory of effectiveness of 

systems and maintenance 2+2
10. Industrial dynamics 2+2
11. Operations research 3+3

Number of lessons in the section: 10+10 11+11 9+9

Note: 2+2 means: lecturing (2) + training (2) weakly.



b) THE NEW ONES
.1 Department for INDUSTRIAL SYSTEMS ENGINEERING

No S u b j e c t Semesters
IV V VI VII VIII IX

X. Mathematical modelling of
industrial process©» 2+2

«, Production iWlklcuring 
3. Labour procedures in

2+2
mechanical engineering 4+4

4. Tool machines exploitation
5. Automatization of the

4+4
design processes 2+2

6. Production Systems 4+4 *
7. Material handling 2+2
8. Operations research 2+2
9. Industrial dynamics 

10. Automatical machine tool
2+2

control 4+4
XI* Production nynfcemn control 7+2
12. Quality control 2+2
13. Incustrial systems organization 2v2
14. Industrial equipment maintenance 2+2

Number of lessons in the 2+2 2+2 8+8 12+12 12+12
section: 4 4 16 24 24

.2 Department for INFORMATIONS SYSTEMS AND INFORMATICS

No S u b j e c t SemestersH>> VII VIII IX "
1. Theory of information
2. Data collection and data 2+2

2+2
3. Data processing 4+4
4. Computer systems
5. Automatization of the

4+4
design processes ? » -7

fi , full nyul Ollln *1 f 4
/. DctLct tiarislui 2+2
8. Operations research
9. information systems

2+2
designing 2+2

10. Operating systems
11. Production system control
12. Quality control
13. Industrial systems organization
14. Programming languages and 

compiles
15. Develop, and applic, of progr.systems

4 + 2 
2+2 
2+2 2+2

2+2
2+2

Number of 1 on non si in the n o d  Lon: 4
717 ' 12+12 12+12 1 0 »B 

4 24 24 18
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(iii) By development of capacity of the Institute - laborato
ries and personnel - there started troining programmes 
for managers and experts in industry in Vojvodina. Cour 
scs are partly theoretical and more care is given to
( he (Miio til oil I en .
T h i ’ l o l l e w t n g  c o u r u e ; ;  a r e  о Г 1 |.i It 1 / о  I :

c ou rs e i LABOUR l'RüCllbUKKS 1Ы .MECHANICAL BMGINHERING
Part 1.’ labour procedures and control 

the basis for procedures development 
the widening of the labour area and the selec
tion of alternatives 
labour duration and time cycles 
nrgonomy and work conditions 
case study

Part 1.2 - labour and time measurements
- the techniques for measuring time
- case study

Part 1.3 - interrelationshios in the work process
- the motivation
- the satisfaction in the work
- case studv.

COURSE 2: INTEGRATED MATERIAL PLOWS AND ТИП LAYOUT OF THE 
SYSTEM CO' ’POIJKNTS

Part 2.1 - the basic principles of the establishment of 
production systems

- the general model of material flows - group 
technology

- the methods and techniques for the lavout of 
system components

- case studv
Part 2.2 - material handling

- stocks, and warehouses
- the transport equipment and storing
- case study



Part

COURSE 3: 
'.Part

Part

Part 

con i 4:
J-.U L

Part

2.3 - simulation technique as a means for the deve
lopment of alternatives in the area of modellinn 
of production systems

- the computerized layout of work places
- case study

PRODUCTION SYSTEMS CONTROL
3.1 - the control function for the production

processes
- forecasting
- planning
- (i.’l <M ir i n i ng 1 ¡tier;
- . - . M i l l . » !  «>1 I )•>■•/:» i l l  t e / . S t e u i

- case study
3.2 - the use of computers in production control

- proaramming the planning procedures, control 
of the production etc.

- case study
3.3 - the use of who production control system

- the case studv
f'm’I'KOTTVK.MK or nyr.TKMS AND MA r/lTMANiT.

4. ) - effect I. v* r i of automatical 11 tvs (av.i liabi
lity, reliability)

- the effectiveness criteria for production
systems

- operational readiness
- time picture of states
- maintainability
- case study

4.2 - maintainance and repairs - need and perspective"
- maintainance procedures
- the use of 1:V' ; • i A vinar.c--' col ¡. cy
- case study
- -;ro; d oms of r : . ::a nn ncc . , i •>. ,i j nabi I i 1 y)
- service costs •'•ic.
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CO’JKf.i: 5: 
Tart.

i'art

Part

COURSE 6: 
Part

Part

PRODUCTION PROCESSES GROAN I’/, AT TON

5.1 - rule of work organizeti on in industrial
•iy rit i i;iri

- system approach in v/ork processes organization
- decision making processes
- case study

!j..! - ini urination system:; in production
- communication processes in organization
- motivation
- organization and environment conditions cnangina
- case study

5.3 - resources allocation principles 
-• reiioureer. allocation programmer.
- resources allocation methods
- case study

SIMULATION METHOD
5.1 - the philosophy of simulation

- simulation procedures
- interactive programming
-rrandom number generators and sampling techniques
- simulation languages
- case study

6.2 - planning of simulation experiments
- the necessity to simulate
- case study.
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j ( I v ) I ' « ■ i ; u i I .• t In i •( ii i n< •* *111 hi v/ ! I li I 111 ri < >1 > p *i :l I Vi < In i li • i .1II 'i . 11 >'
given Ln the ApcndLcen 1 and 2 of this Report (FINAL Ub- 
PORT and FLEXIBILITY OF PRODUCTION SYSTEMS).

j (v) The testing of appropriate experiments, n.iraw'i «•»•«: .»».«!
j mathematical models is still being r/erf or..*. »<J in .■;« ver.i i
| real production systems in metal working industry in Voj-

vodina.
(vi) For the develonment of the Laboratory for industrial svs- 

tems in the framework of the Project the following finan
cial means are invested:
a) Laboratory for productional systems

2a.l building - workshon 20x12=240 m ,
value: cca 3.240.000 DM (cca 162.000 US?).

a.2 equipment

|j

!

No Title of equipment Value of Provided
crruior.ont byl r

t . 1 l ; . . . . . . .  1 I f 1 | .-J i uJ  I I .*-

“Juhicd" 617C 
(Producer: Dubied &
Cie.S.A. Switzerland) 83,203 UNDP

2. detto 88,208 Yugosl.' n-
mont

'. < ' i i * •! i !. i r ■ i w in. i f! i i in1
I , I' , I',"

( i1 t'O* hlC' ■ f I'ur't* ’1.1*1 l ,
W .  O r : r i . K ' l , T / )

4. j:nd v/ork j sa innchi.no 
"Dunn :;s 3o:; 
(Producer: Duap A.G.,
G V/i.
i C Ti 1 j 0 ^* -• JOC'r'.- J-V± H . J. 't - « > : 71 •iC■•.11

\Producer : n;;1 -~ i.-.J
7.PP-VlV; G : V...H i
Ut.German-/)

4 5,310

lb; / JA J

000

II

f t

If

!

Ii



b) Laboratory for production control

NO Title of eguipment Value of 
equipment 

US/
Provided

hY

1. DISPO-control System
(Producer: DISPO) 18,500 Yugoslav Govern-

ment
2. Computer display-terminal

CDC-Cvber 18-05 with RO Naf tagnr.-Ir-
printer, modem and card formatika ,novi
readcr 50,000 Sad

c) Laboratory for mot hod and tino study

r I» * V M l1 ' < * I * ( u I t -ut* • 11 ( » I 111 ■ * » 1
* •* {il i i »;,>* mi L

us/
l . Mi 'i Inn i ills ■ i • t

ii lt> UN-:j (Uexki. ) /1,100
2. Projector 30LHX 521 Yugoslav

(Sonai) 2,700 Government
3. Automatical camera 

objective (Norn Vario 
Swifcar 100 POL) 550

4 . Aildi i Ions

1 * t * * 7  Ì • I * *i I

by

T o t a l :  n-Hvf-c 5 2 8 , 0 1 0  US/

(vii) Laboratory for total machines with teaching personal
1. Prof.Dr J.Pokoczky, Tool Machines
2. Prof .Dr R.Gntalo, Automatical Designing
3. J. ¡¿Gaelic, Tool Machines Exrd oi.tntion
L' * *j r  fD y* r i  *' p t *  ** h **4f • k.t j « i.'Oru f v? v f
5. M. Zel jkovid, Tool Machines Designing

U . /  i.-i. \J<.t G til' co arg .es o f  NC and CMC N o n n o lorry i n tire f a r  L o w

O f  e l  or ; i"o. io t o r  " S r  V e r " j n .'iu’ iol. i ( M .  V! h ■1 Cf’u r r;f:', i n —

c i  \k ;■ ■ : ' io us e o f NC and CMC n n c h i n e r ; , the* 1; f 'jSiine) 1 o'fy

n r o  j e c t i n o ,  n r o g r acmi r.g , e t c .
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2.3 Benefits
Benefits of the Project are complex:
1. the material basis for practical traininqs with 

students and the investigations in MSci and PhD 
thesis is made

2. there are possibilities for practical demostraations 
for students

3. various training courses for specialists from in
dustry are organized

4. the mission of the experts from abroad whose help 
in investigations in the Project was especially 
important for the working team on one side, and 
for the postgraduate students on the other side, 
for during the mission the students have learnt 
many nev; methods and techniques from the area of 
the mentioned investigations.

'■ , T i l l ' III I • i f ( t l I I I  f i f  I l|i* ' / o i l  |||.| l i ' . I H I  I I I  l i l l ' l o l  I m t  ( t i l l  I

scientific institutions in Kurone, helped a lot In 
their personal advanced training and transfer of 
technology and new scientific knov:ledge of projec
ting and of production system analysis in the de
veloped countries such as: Switzerland, fvest Ger
many, Great Britain and other.

6. The Institute continuously work together with J.
L. Burbidge, expert who hives lectures to the post
graduate students (April-Hay 1030) and further in
vestigations.

7. The Institute is capahle of acceptance the experts 
from other countires for training in 43 objects of 
the Project.

8. The Institute is ready to give the technical heIn 
to the developing countries in:
- educational training
- the industrial objects projecting
- consulting.



и ,

I
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9. The Institute established the direct business co
operation on the basis o f the settlement with other 
related firms in the way given at the following 
sheme which shows the possibilities for more complex 
action to bo carried out on area of industrial nro- 
duction rationalization.

3. RECOMMENDATIONS

The investigations.carried out during the work on the 
Project have resulted in the following recommend «at ions and 
suggestions to the UNIDO Agency and Yugoslav Government:

1) Recommendations for continuing the investigations
V.'e think that the following investigations have to be 

continued and expanded (the suggestions are the result of 
trair.ning programmes and expert missions):

- in the investigation of production systems' ntruc- 
turen in a sense of automatization of machining and 
asscmbl.y.1 rig structures of production system*: in ord*-*» 
to decrease the cycle time in machining and assembly 
as well as work and time study investigations

- in the area of determinations of the variants of 
operation performance related ot the loading, ca^aeitv 
and the latest terms for finishing; the choice of
the optimal termination variant for the production

- the use of minicomputer as a .oumort for organiza
tional tools in the area of production control

- mathematical and .simulation mod*-] 1 i ng (computer or 
ed) of production .systems, particularly of automatic 
lines and using the groun technology

- introducing computer performance evaluation technique's 
into computer centers in industry in order to nj.nimi:r 
costs of equipment supply

- the transport nrobloms between work olacer,



- the investigation of the use of Computer Aided Desiqn 
(CAD/CAM technology) in metal working industry

- the flexibility of production systems structures
- the possibilities of introducing buffers into the 

existing equipment in the line installed at the Labo
ratory for Industrial Systems

- maintainability as a function of the complexity of 
technological systems

- design adequacy and operational readyness of technical 
systems

-  i i .iii.i i <• i >>r I. in >w 1 t h e  I n d u s t r y .
2) Recommendations for further training ans spetiali.zation

The further training of the project team members is 
necessary in some. of the scientific or industrial firms in 
USA or Europe. The extend list is given in the FINAL REPORT.
3) Recommendations for thepurchase of new eouipment

- in the area of the automatization in production
systems

a )  si-ia1 n u t  oinn t-i e  a n d  n u t  omul  l e  . I ' lueml l y  I I n e r t
b) nssemli.Jy machines
c) the equipment for the work places that are orgono- 

mically formed on the principles of rational execu
tion of operations

d) the time measuring equipment
e) the robot for performing certain operations
- in the area of production systems control
a) minicomputer to be used together with DTRPO system > i 

the process of production plunnincr and processing
of feedback, information

b) Kienzle card reader for circular diacram-: and the 
ecuioment for data '“'nee using about c!o\*nt.vur,s

- in the area of C'O/C.VI technology
a) the equipment for computer aided design made by

- Tectronix
- Cnlcomp
~ CDC (Control Data Corporation)
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b) the equipment for transport and storage made by 
Demag, BRD.

The money which we might get form UNDP we need for the 
purchase of numbered new equipment is cca 180.000 US#.

For the neccessery space spreading out the Institute 
will ask for the help from the Yugoslav Government in amount 
of cca 6.000.000 DN (cca 300.000 l"S#) .

4. CONCLUSIONS

Long rang»; objectives are realized completely according 
to the project programme. Immediate objectives are also com
pletely realized, except for the objectives (v) and (vii) for 
they are still in progress.

During the realization of the project for the neces-
Sory buildings, equipment, for the training team members and 
experts mission the following financial resources are invested 
provided by:

- UNDP cca 130,000 US#
- Yugoslav Government

.and 'institute cca 40ft,HOM US#
Totalt 569,flOfl US#

The experts from UNIDO had given a significant help
4 x 1  export/month

UNIDO had supplied the training programme for the pro
ject team members to receive advanced training in scientific 
and industrial firms in 'dales, Greet' Britain, Poland, Nest 
Germany and Switzerland in amount of

5 x 3  man/month 
1 x 2  man /month
Total: 17 man/month

which has significantly contributed t:.n the r,l rengtheni ng of



20

the teaching capacity as well as to the increase of the level 
of the skilled expiricncc which the team member have gained 
in these firms.

Wc consider that the further cooperation and the help 
from the UNDP Institute is of particular interest.
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1. INTRODUCTION

The project “Examination of Conditions for Establishing 
Flexible Production Systems" has been proposed on May 5*^,1972 
and has been proposed on 5^^ May 1972 and has been signed on 
7th December 1973 by the Yugoslav Government and on 8th Janu
ary 1974 by the UNDP as the Executive Agency.

The anticipated duration of the Project was three years 
while the anticipated expences for its realization amounted 
to 2.730.000 din. as the Contribution of the Yugoslav Govern
ment and 100.000 % as the Contribution of UNDP.

The basic Objectives of the Project are:

A. Long range objectives

The long range objectives of the Project are:

(i) To increase the quantity and improve the quality 
of Project Participants and Professional Managers 
and controllers of Production Systems. These per
sonnel are needed for schools and universities» eco
nomic planning and development programmes and the 
industrial sector: and

(ii) To improve industrial productivity by the develop
ment and introduction of optimal production systems 

' for various situations, mostly as job, batch and li
ne production.

B. Immediate objectives

The Immediate objectives of the Project are:

(i) Tc change the orientation of the research activities 
of the Institute from its present emphases on theo
retical problems towards a more practically oriented 
programme.
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(ii) To improve the Institutes teaching capacity in mo
dern methods of the management of systems;”

(iii) To expand tha capacity of the Institute to provide 
training programmes for manager in industry;

(iv) To develop parameters and mathematical models which 
will be relevant for the solution of investment 
problems generally and particularly for the metal 
working industry in Vojvodina;

(v) To develop and test with appropriate experiments, 
parameters and mathematical models in the field of 
management of production systems;

(iv) To make the Institute better equipped to provide 
consultant services in the field of management of 
systems, survays, studies, ets., for industry and 
other sectors; and

(vii) To facilitate the introduction of numerically con
trolled machines and computer controlled and sche
duled production systems into factories by develop
ing appropriate systems and parameters. Industrial 
management personnel do not at present have experi
ence with these equipment and systems, nor do they 
have the time to become knowledgable because of the 
day-to-day operating demands.

During the period of realization of this project the re
search potential of the Institute of Industrial Systems Engine
ering has been increased in the sense of total number of research 
workers from 5 employees in 1974 to 14 employees in 1979. Total 
number of employees at the Faculty of Technical sciences in 
Novi Sad (8 Institutes) has been increased during a given time 
from 115 in 1974 to 310 in 1979. Besides that the number of ex
ternal collaborators of Institute of Industrial Systems Engine
ering increased during the given time from 12 to 65. It enables 
the institute to be one of the greatest research places in the 
field of Industrial Systems Engineering among Yugoslav Univer
sities. At the same time the total income of the Faculty of 
Technical Sciences and of the Institute of Industrial systems 
Engineering has been increased more than 10 times (see Fig.1).
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The increase of the Institute’s research recources has
been proved:

(i) by meeting long range an immediate range objectives*

(ii) by improving a process of colaboration with metal 
working industry in this part of the country and

(iii) by a great number of research projects, batchelor, 
master of science and doctor of Philosophy theses.

Besides the above mentioned results the laboratory of Produc
tion Systems, laboratory of Production Flow Control System and 
Laboratory for Method and Time study has been established. It 
should be expecially pointed out, as it is shown in the enclo
sed anexes, that the majority of items for all of Laboratories 
has been successfully realized.

Three of UNDP Experts in total time duration of four 
months have been controlled the flow of project activities and 
helped that the basic objectives of proposed project have been 
realized as how it can be seen from the following informations.
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2. FINDINGS

The activities of the Institute of Industrial Sys
tems Engineering in connection with project YUG 73/005/A/01/37 
entitled “Examination of Condition for Establishing Flexible 
Production System", were oriented towards fields defined in 
the long terra and immediate objectives of the Project. These 
i neluded;

- To establish and equip the laboratories of the Insti
tute of Industrial Systems Engineering, in order to 
be able to carry out research, to perform exercises 
for students according to the education plan, and to 
provide consultancy services and training programmes 
in the field of management of production systems, 
technology, method and time study etc., for industry 
and other sectors.

- To develop a methodology for the investigation of the 
parameters of production systems, mathematical models 
flow analyses, investment criteria, system structure 
and the reliability of systems, in order to get objec 
tive data about the behaviour of production systems. 
To improve the teaching capacity of the Institute in 
modern methods of organization and management, and
to improve the productivity of industrial system’s 
by the development and introduction of optimization 
criteria in the different fields of production.

- To work out the General model of material flow in 
Production systems, in order to produce an objective 
tool for the selection of the appropriate type of or
ganisation and plant layout for different industrial 
situations.

This report presents a brief description of work 
which has been done and of results obtained 1n the above men
tioned fields. The References and lists of results of studies 
are given in the Appendices.
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2.1 The layout and equipping of the laboratories of the 
Institute of Industrial Systems Engineering

The Laboratories of the Institute of Industrial Systems 
Engineering were developed in order to meet demands in educa** 
tion, research and industrial consultancy, especially in the 
fields of method and time study, plant layout, management 
science, reliability of production systems and a study of system 
elements and their organization.

During the period covered by this project three labora
tories have been developed as described below:

.1 The Laboratory for method and time study

This Laboratory is designed to meet needs for the educa
tion of students and for short-time seminars for participants 
from industry.

The following equipment has been selected and installed:

1. Motion Camera H16 RX-5 (REXKI)

2. Automatical camera objective Kern Vario- 
Switar 100 POE (VASEC)

3. Protective shell of camera (BLIMO)

4. Teleobjectiv (PRERI)

5. Sticking equipment (COLSE)

6. Projector BOLEX 521 (SONAL)

7. Mycrophone / (MICSA)

8. Additions (TELEC) 
(ECOUT) 
(SCOOP) 
(SCOSU) 
(OSLAP) 
(B0B0T) 
(BOBSI)
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.2 The Production Systems Laboratory

This Laboratory is purpose-built for teach
ing and research. It contains:

- A Four-Station transfer line for machining 
turned components

- Materials Handling Equipment

- A Set of different kinds of tools, jigs 
and fixtures

- A Data logger - Kienzle MSA71+CM11.

The layout of the Laboratory is shown in Fig.

Fig.

The Four-Station transfer line is designed for research in 
the field of the flexibility and reliability of production 
systems. The layout of the line consists of:

The first station - a circular cold Sawing Machi 
ne type Forte FKA 45, cuts a preloaded bar to the determined 
lenght shown on the operation sheet.
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The second station consists of a facing and centering 
Machine (type DUAP ZS 30 K). It faces the bar and centrebores 
both ends according to the instructions in the operation sheet.

The third station consists of a copying lathe (type 
DUBIED 517 S) use to both rough and finish turn the bars on one 
end.

The fourth Station consists of another copying lathe 
(type DUBIED 517 S) which roughs and finish turns the other end 
of the parts.

Form turning at stations three ; Tour is based on pro
file templates which are followed . /. After turning
on the fourth station the components are ready for subsequent 
heat treatment operations carried out elsewhere.

In order to get data about flexibility and the influence 
of different types of material handling equipment, the different 
types will be provided.

Equipment is provided for getting data about UP TINE and 
DOWN TIME of the transfer line as illustrated in Fig. 3.

Fig. 3



p

- 9 -

Besides the basic data about UP and DOWN TIME the sane equipment 
can record up to ten different causes of DOWN TIME. The data 
obtained can be used therefore for research in the field of the 
reliability of production systems.

.3 The Laboratory for the PRODUCTION CONTROL

This laboratory, that is in a state of finalisation, is 
supplied with the following equipment:

1. "Dispo" system for the production control

2. Terminal 18*5 connected to the computer "CYBER 171"

3. The equipment for data collection and processing.

Oispo system consists of the following:

- terminal center
• planning tables
• tables for the final work distribution at the working 

place
• optico-acustical system for signalisation
• card file (materials, tools, workers, machines, work 

orders, matrices of the technological procedure etc.).

The equipment for the data collection and processing con
sists of:

- the equipment for data collection KIENZLE MSA71/CM 11

- the equipment for data processing KIENZLE-EDA.
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Fig.4 Terminal center

Fig,5 Tables for planning and control
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F1g,7 File system
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According to the needs of the project as well as In or
der to further develop the scientific work and lecturing process 
at the Institute for industrial systems the terminal subsystem 
was purchased to be connected to the computer system CDC-Cyber 
that is located at the "Naftagas“ company, Novi Sad, The termi
nal subsystem consists of the following components:

- console with video display

- card reader

- printer

- modem.

2.2 Investigating production systems structures

2.2.1 The structure of the investigation

On the basis of the basic conditions for the investiga
tion of system structures there is possible to investigate on 
the installed system the following relationships:

.1 Duration of operations against mode of the tool action 
composition (machining structures).

.2 Duration of the production cycle against 
- variant of the transport system

W  '
Fig.9 Console and printer
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mode of work piece transitions from operation to 
operation
(TECHNOLOGICAL STRUCTURES).

.1 The Relationship Between the Duration of the Operation 
and the Mode of the Tool Action Composition

.1.1 Introductory remarks

The structure of the majority of machining operations 
could be made of:

• with one or more tools

- in one or more positions

- in one or more flows

• in the discrete or continuous procedure etc.

For these reasons the question of the choice of the machining 
operations structure is a complex one and is closely related to:

- the quality of the product
- the quality of the process (U,E,R).

The difference between the usual approach and the recently de
veloped one is that in the former the structure was investigated 
on the basis of machine clasification, not the process clasifi
cation, while in the later uses the data on graspes and the 
flows of the machining operation considered. This is. at present, 
the basic direction in the search for solutions for the improve
ment of production effectiveness from the aspect of its quality. 
From that fact follows that the construction of the machine must 
be a consequence of the machining operations structure adopted.

When the load/capacity degree is low the processing techno 
logy is based on the basic (simple) machining operation structure 
regardless of the procedures (methods) of machining. The basic 
structure (Fig.1) is defined as a procedure of the machining of 
the work piece on the single-positional machine, with one flow 
and one tool and with the serial mode of grasp. The designed ac-
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curacy of the work piece measures is attained by the use of the 
method of occasional checking measurements.

Fig.10 The basic structure of the machining centre 
(single position work with one tool)

The increasing requirements for productivity improvement 
led to more complex machining operation structures in a sense 
of tools work composition and the use of machining procedures 
with the parallel work of several tools (Fig.11) in a single 
position (this leads to the need for constructing of single po
sition-multiple tool machine) as well as the use of machining 
operation with one or more tools and multiple positions (Fig.11) 
leading to the need for constructing multiple position machines

Fig. 11
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with the transition of the work piece during the machining pro

cess.

Moreover, in some processes, instead of discrete mode of 
work piece movement, there is introduced continuous mode.

However, the requirements for further increase of the 
productivity led to the need of replacing single flow structures 
with multiple positions by multiple flow structures with single 
or multiple position in the flow, as given on figure 12.

Fig.12 The machining system structure with the 
higher degree of complexity
a) machining in two flows in a single position
b) machining in several flows and multiple posi

tions with one or more tools

The machining of particular work piece in one or more po
sitions must be considered from the aspect of one flow the rea
son being that other flows are identical to the one in question.

It is clear that the development of machining operations 
structures has a considerable impact on the productivity increase. 
The impact could be expressed as a decrease of preparing time.
It is known that for the particular kind of product, and for 
single flow mode of work, the machining time, tj, is:

t1 “ tio + *ip * *id Cun*ts o f  t1ro€0

giving the oportunity to determine the productivity of the machi
ning system. The machining time is:
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t * t. + t. funits of time! op io ip I- J

For single flow systems

top ♦ tps Tcri

e.g. it is equal to the duration of the working 
For multiple flow systems:

top + tps

ycle.

where
p - number of flows 
Ko

Preparing time is

S p  ■ S p  + S o  * S h  k ,n1tS of t1ae]

where

tpr — the t<l,ne for niannual placement of the jigs and 
fixtures and adjustment

tpQ - total time for removering and placing the work 
piece

t_K - idle time.

Thus, for the multiple flow machining we can write
/

T

op S o  + S p
cr, t. + t _ + + t ,

1 .  J o ------ --------- t s .-------EÜ runits of
[_time ]

where the time for tool placement is neglected (because of the 
early preparation). If the choice of the machining operation 
structure leads to the overlap of preparing time elements with 
the basic time the above expression converts to

top “ p ^  [unit* o f  time]

and for po»1 (single flow machining) there will be
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t = t . funits of tlrnel op t o *- —*

From the above it follows that the basic parameter that makes 
the distinction between various machining operation structures 
is the machining time or, more precise, its structure.

The fast development of machining operations structures 
colud be explained by the slow development of procedures (methods) 
for machining in the conditions of rapidly growing productivity.

.1.2 The Composition of Tool Actions - Grasps 
The Machining Time and Working Cycle

There are three basic procedures of the compositions of 
tool actions (grasps):

1. serial
2. parallel
3. series-parallel

and those give different machining times. The composition of 
actions show:

.1 Serial procedure

In this kind of procedure the machining is executed by 
one or more tools in series where the next grasp starts immedi* 
tely or after some time without any overlap as seen on the Fig.13.

. q

___________ !b__________ * m |

Fig.13 Serial procedure for the composition of tool 
grasps in the machining structure
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It is clear that, in all such cases, the basic machining time

‘io is:
t^ * t. + t„ ♦ ♦ t • Z t. . (“units of time*]0 Oj Og 0|c 101 L  -*

.2 The Parellel Procedure

is characterised by the simultaneous grasps (Fig.11), provided 
that It is not necessary that the begining and the end of every 
grasp fall in the same moment.

Fig.14 The parallel procedure of the tool grasp 
composition in the machining structure

Thus, the parallel work is defined as a simultaneous action of 
all tools from the begining to the end of the particular grasp 
in a single flow. Consequently, we can distinguish the following 
possibilities:

1. In every position in one flow there is executed one 
grasp by one tool.

2. When using mu!tipositional machines in every blocks 
of tools simultaneously.

3. In the continuous one-flow process (line), in every 
work place the machining is performed by the use of 
different tools simultaneously.

The basic machining time for the parallel case is equal.
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to the machining time for the grasp with the maximal duration 
of machining that is given by the relation:

.3 Series-Parallel Procedure

for the composition of machining grasps (tool actions) is charac
terised by the situation where two or more isolated tools or se
veral tools in blocks act sumultaneously (in parallel)» and the 
replacement of tools or blocks is serial.

It is clear, as before, that the duration of the grasp 
is equal to the maximal working time of the individual tool or 
the block of tools, as given on the Fig.*5.

The duration of the work cycle for single product is 
(single position, one flow):

lo'max [junits of time^

C7)

CLv\O t̂iol | tipi

lis* J \

t

Fig.15 Series-parallel procedure for the composition 
of tool grasps in the operational structure

Thus, the basic machining time for one operation is:
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T = t._ + t. ("units of timelCr } TO ip L_ -J

where
tip - preparing time spent on the placement and replace

ment of work pieces, preparation» measurements and 
idle time

.1.3 Determination of the Duration of the Operational
Cycle

Based on the chosen working conditions there can be de
termined the basic machining time for every grasp using:

- analitical methods
- nomograms.

The basic operational time is determined on the basis of 
preliminary analysis and Is related to the mode of the composi
tion of the tool actions:

The preparing time as the elements of time standards are 
determined by the methods of data collection or pre-determined 
times MTM that is executed by the NTM-ANALYSIS charts.

The procedure shedule with drawings» the working condi
tions as well as the elements of the duration of the operation 
(the basic time and preparing time) can be found in the 
OPERATION SHEET.

On the basis of the data available on the basic time and 
preparing time the work cycle for one product is calculated 
using the formule:

Tcr ■ ‘to + ‘ip Cun1ts of “ ■•]
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.2 The relationship between the production cycle 
duration and the variant of the transport system 
and the mode of the transition mode from operation 
to operation

*

.2.1 Variants of the Transpn ̂  System and the Duration 
of the Transportation Cycle

In the material flows of the given production system 
(Fig.7) it is possible to divide the transport procedure into 
three phases:

PREPARATION

transportation of the material from the stock to the 
first machining centre (saws, T).

TECHNOLOGICAL PHASE

transportation of the material from the first until the 
last processing system (Saw-T; end working machine MPZ, 
copying lathes SKI and SK2).

FINAL PHASE

transportation of the material from the last processing 
center to the stock of final products.

All the operations within the production process are given in 
the PROCESS FLOW CHART (page ) and the symbols in the CHART 
have the CHART have the following interpretations:
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SYMBOLS D E F I N I T I O N  |

OPERATION

O

The operation is defined as a 
change of physical or chemical 
characteristics of the material 
by: machining,

Conta ineo i n j 
the produc- j 
tion process j

.

TRANSPORT

0

The transport is defined as a 
translation fo the material, 
semi-products or final products 
except when keing the part of 
the operation excuted by one 
worker during the operation or 
the control.

j

Transport | 
or I 

movement
i

i»
i

INSPECTION

□
The control is defined as an in
spection of dimensions or the 
quality of material, semi-pro- 
ducts or final products with the 
aim of determining the quantity, 
quality etc.

I nspecti on, 
exami nati on

:

DELAY

D

The delay arises when the pro
duction conditions do not requi
re execution of the next opera
tion in the technological process 
cess. The exception are the de- 
Mays caused by the replacement 
of physical or mechanical charac
teristics of the material,semi- 
-product and parts enter the 
stock not to be extracted with
out permission.

Removing

STORAGE
i1

V
The stocking is done in the case 
when the material, semi-product 
and parts enter the stock not to 
be extracted without permission.

Keepi ng

COMBINED 
! WORK

a

i

This is used in the case when it i 
is recessorry to show the execu- | 
tion of the operation and the j 
technical control with one or ' 
more workers and one work place, j

!

______________________________________ 1______________
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THE STOCK 
OF THE 
MATERIAL

I

THE STOCK 
OF PRODUCTS

Fig.16 Material flows
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THE VARIANTS OF TRANSPORT IN THE PREPARATION

On the basis of concrete conditions:

Transported material

- the same kind
- the bar ¿<100 m and 1<4000 mm
- large quantity, medium weight

b) Transport paths:

- length < 20 m
- the movement plane - horizontal
- width 2 m
- throughput: small

there si possible to use 3 variants of the transport e.g.:

1. VARIANT

the transport system with the manual taking, transporting, 
and stocking the material without the use of mechanical 
equipment and transport mechanisms.

2. VARIANT

containing the transport system with the mannual bringing 
and taking away of the work pieces with tee use of transport 
ing equipment without the feeding engine, for instance the 
cylindrical transporters eith the scater etc. If this means 
are fixed on the angle the movement of the material is sup
ported by the self weight and gravitation. We will consider 
the cylindrical transporter.

3. VARIANT

is the transport system for the lift-transportation works 
that uses different kinds of crans and transports.

The transportation time for the VARIANT No.1 is:

t. « t„ + t „ + t„ ("units of time! t p pr o ^ -*
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where
t - lifting time
t - transport time
t - down time, o

The duration of the transport cycle is:

Tc = t^ (1+k) Qjnits of timej]

where
k = 0,1-0,2 - coefficient that contains delays for rest 

and slowdown.

The transport time for the second variant is
/

t = t + t + t funits of time"]t p pr o *- J

where
t - loading time 
P
t̂ ,. - transport time pr
t - down time, o -----

The transportation cycle time is:

Tc * t^ (1+k) £units of timej

where
k * 0,1-0,2 - coefficient that takes into account the 

time delays caused by delays and rests.

The third variant is usable for the rest two phases (e.g. 
technological and final phase) and is executed on the overground 
tracks according to the Fig.17.

The transportation time for the third variant is

tn + t . + t p d pr ♦ *s ♦ ‘o

where
t - loading time 
P

td " t-*me
t - transport time pr

t$ - dropping time 
t - down time.
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Fig.17 The transport scheme for the third 
variant
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The duration of the transport cycle is

where

n
T * (1.1 * 1.2) Z t. c 1 = 1 1

(1,1-1,2) - coefficient that takes into account the time 
lost for transition between switches or the 
pass through the switch when starting or 
stopping.

TRANSPORTATION VARIANTS IN THE TECHNOLOGICAL PHASE

Starting from the conditions defined for the choice of 
the transport variant given by:

a) Transportation material

- the piece material is transported (always)
- d<100 mm and 200<1<450 mm
- large quantities
- piece weights until 10 kp.

b) Transport parhs

- length: less than 5 m
- movement plane: horizontal
- throughput: high
- width: optional

c) Production conditions

- normal.

d) Material flows

- continuous with the linear layout of work places giving 
the following variants:

1. VARIANT
transport system with the manual taking, transport and leav
ing without the use of automatized equipment and transport 
outfit.
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2. VARIANT
transport system for the manual feeding and leaving the work 
pieces using the equipment without engine.

3. VARIANT
transport system that uses various kinds of systems with 
wheels.

4. VARIANT
is a transport system of the conveyer type.

THE CHARACTERISTICS OF THE VARIANTS

1. VARIANT

The transportation is performed on the following way: after 
the processing of the work piece on the production unit the 
worker puts it into the box (Fig.18) that is put on the tab
le beside the machining unit. The transportation could be 
performed in two ways:

- production workers
- transport workers.

In the first method every production worker takes the box 
from the previous machining unit and transports it to his 
unit, and in the second method the special, transport, workers 
who do the transportation.

The decision of which of the methods will be used is a func
tion of the number of workers needed. If the transportation 
time is long than the second method is used, and if it is 
not the first method is used.

As seen below, special technological charts for transport 
must be designed because the number of pieces transported in 
one transport unit depends on the characteristics of pieces.

Transportation time

t.. * '• ["units of time!t p pr o *- -»
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where the times are taken from the technological chart for tran 
sport and have the following interpretations:

t - loading time 
P

t - transportation time 
pr
t - down time, o

The duration of the cycle is

T * tt (1+k) ["units of time}
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Fig.18 The transporting scheme for the variant 1
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For the transportation of work pieces fro» one work place to 
another there is used the equipment without the engine - here 
the transporter is of the rolling type.

The transportation is performed in such way that the worker 
fills the box fixed on the cylindrical transporter and the 
transportation is done by the transporter. The transporta
tion can be done in two ways:

- production workers
- transport workers.

When using the first method the worker having spent all 
work pieces takes the box and by the use of cylindrical tran
sporter transports it to his work place. Which of the methods 
will be used depends on the calculation of the number of 
workers needed. If the calculation gives a result that it is 
economically profitable to employ a special worker for the 
transportation the second method will be used and if not, 
the second.

The transportation is performed as shown on the scheme (Fig.. 
19).

As seen on the figure that the cylindrical transporter is 
put beside the work place and is used for the transportation 
of work pieces. Feeding and laydown are performed manually.

The transporting operation is divided into grasps as shown 
on the TECHNOLOGICAL CHART FOR TRANSPORT:

- loading
- transportation 

" down.

Transportation time

2 .  VARIANT

pr + *o** * s  1 * Qinits of time]]
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where
t - loading time 
P
t - transportation time 

tQ - down time.

The duration of the transportation cycle is:

Tc = tfc (1+k) [units of timej

T

M P Z

SK1

SK2

L E G E N O  ;

- W O R K E R  

3  - BOX

=  CYLINDRICAL 
—  * TRANSPORTER

Fig.19 The scheme of transport for the second variant.
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For transportation of work places between work places is 
used the equipment with wheels. In our case will be used 
forklift as a means for transportation of work pieces.

The transportation is performed in the following way: beside 
every work place on the flor or 80 cm above the flor are 
situated box palette where the parts to be transported are 
put into. Forklift takes the palette when it is filled and 
transports it to the next work place. Immeditely after put
ting away the palette in question forklift takes another 
one ready for transportation. Such sequence of forklift ope
rations goes this way to the end of the production process- 
the last machine as shown on fig.20, and, even, to the stock,

From technological charts follows that the transport opera
tion is divided into:

- loading
- lifting
- transportation
- lowering down
- unloading.

Transportation time is:

3. VARIANT

where

t„ + + t. + t_p po pr S 0

tp - loading time
t  ̂ - lifting time po 3
t - transportation time

t - lowering time s J
t - unloading.

Here is not used the method of dividing transport opera
tions into usual grasps for practical reasons because tp0 and 
t$ are easily measured and the transportation time can be cal

culated from

'pr
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where
l m - transportation distance 

m/s - speed of loaded forklift

tg s - delays when starting or stopping.

Duration of the transportation cycle is:

T * t.(1+k) units of time
V  «

LEGEND:

-WORKER

•BOX

(7)-the zquence
w  OF PERFORMING 

THE TRANSPORT 
OPERATION

Fig.20 Transport scheme to the third variant
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For the transportation of work pieces on the line there is 
used the transport system of conveyer type (INTEGRATED TRAN
SPORT).

The transport is performed according to the scheme that is 
shown on the Fig.21, in the following way:

After cutting the part on the saw it is lifted by the mecha
nical hand (1) and transported to the slipping equipment (2). 
The parts can be arranged on the slipping equipment in such 
way that it has a role of buffer stock. Work pieces are then 
transported to the MPZ using horizontal transporter (3) (which 
goes through the machine) and after processing they fall to 
forks (4). Forks rotate in the vertical plane and they put 
the work pieces on the erMcal transporter (5) which lifts 
them to the feeding mec^ar.sm (6). After copying one side on 
SK1 the work pieces are turned over using the turning station 
(7) and are transported to the feeding mechanism (8) attach
ed to the copying lathe SK2.

The transport equipment is adapted to machining conditions 
so that it is not easy to divide the transport operation in
to grasps. We think that it is simpler and more efficient 
to measure the total transportation time Instead of measuring 
grasp durations for:

- loading
- transportation

- unloading,

because they are often overlapped. The TECHNOLOGICAL CHART 
FOR TRANSPORT is made using this principle.

Transportation time

The durations of machining operations are mainly syn- 
crhonised whereby the transport equipment moves in tacts "t” 
that are determined by the duration of the longest operation.
Such kind of flow line is a production track of discrete charac
ter, with the compulsory rhytm with the work transporter - 
- TRANSFER LINE.

4. VARIANT
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Duration of the transport cycle: T «t. (1+k) units of timev t

Fig.21 The transport scheme * o r the forth variant
1-mechanical hand ,2-slipping equipment ,3-horirontal 
transporter,4-fork,5-vertical transporter,6-feeding 
equipment,7-turning station,8-feeding equipment
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THE VARIANTS OF THE TRANSPORT IN THE FINAL PHASE

The final phase is driving off, storing and dispatching 
of final product, after the finish of the process, to the final 
product warehouse and further to the means for exterior trans
port. Because in our line the last machinihg unit is a copying 
lathe SK2, this phase is related to the transport:

- from SK2 to the warehouse
- from the warehouse to the means for exterior transport.

Bearing in mind the facts that stand for the preparation phase 
and the machining phase we can conclude that there are applicable 
two transport variants e.g.:

1. VARIANT

The transport system with the mannual taking, transfer 
and leaving of the work pieces without the use of mechanical 
equipment and other means for transportation.

2. VARIANT

The transport system that uses various kinds of transport 
equipment with wheels, in our case forklift.

Since both variants are already explained in the trans
portation for technological phase, it will be ommited.

Thus, only TECHNOLOGICAL CHARTS FOR TRANSPORT are con- 
stincted, because they differ from previous ones and they are 
made for both variants together.

In order to store the final parts at the end of the 
technological phase there is used a warehouse where the parts 
are to be put and taken from by the use of the forklift.
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Fig.22 The scheme of the production system with the warehous



.2.3 The methodology for the investigation of 
relationships

For every variant described, the components of the total 
transportation time such as

- lifting time t .3 po
- loading time tp
- raising time t^
- unloading time t0

- transportation time t _pr
- lowering time t

can be determined using the method of pre :'termined times, ana
lytically or by measuring using chronometer. Thus, for every 
transport operation these times can be written into the TECHNO
LOGICAL CHARTS FOR TRANSPORT described before.

The total transportation time is a intermediate opera
tional timeft •) and it is a component of the duration of thempi
production cycle (T _) that is influenced, apart from t_., asr ' cp moi
well by the mode of transfer of work pieces from one operation 
to another. Thus,

1. For the parallel mode of transfer

where
T t - technological cycle (the sum of machinig times)

.2 For the series-paral lei mode of transfer

Tcp*Tct+£tmo1-!:tH  + (n-,>t1Bax+!:T1t!:t'moi

where
- delay at the machine that is

’ iy
determined analytical-
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3 For the serial mode of transfer

where

cp

*11

T . + Et et moi = n • Et. + Et -ii moi

the duration of the operation as explained in 
chapter 1, and the data can be found in TECHN0L0- 
GICAL CHARTS FOR MACHINING.

.2.4 The Courses for the Specialists from Industry

As a part of the work in the Laboratory for the Time and 
Labour Measurement the following courses will be organized:

COURSE 1: LABOUR PROCEDURES IN MECHANICAL ENGINEERING

Part 1.1 labour procedures and control
the basis for procedures development
the widening of the labour area and the selection
of alternatives
labour duration and time cycles 
ergonomy and work conditions 
case study

Part 1.2 - labour and time measurements
- the techniques for measuring time
- case study

Part 1.3 - interrelationships in the work process
- the motivation
- the satisfaction in the work
- case study.

In the area of production systems there will be organized the 
following courses.

COURSE 2:: INTEGRATED MATERIAL FLOWS AND THE LAYOUT OF THE 
SYSTEM COMPONENTS

Part 2.1 - the basic principles of the establishment of 
production systems
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- the general model of material flows - group tech 
nology

- the methods and techniques for the layout of sys 
tem components

- case study

Part 2.2 - material handling
- stocks and warehouses
- the transport equipment and storing
- case study

Part 2.3 - simulation technique as a means for the develop
ment of alternatives in the area of modelling 
of production systems,

- the computerised layout of work places
- case study.

Since the duration of the production cycle Tcp is equal:

cp Tct + ztmoi

where
Tct “ technological cycle (the time spent in the machin

ing process) that depends on the mode of transfer 
from one operation to another as well as on the 
flow type

" transportation time in the preparation,moi t
technological and final phases that depends 
on the variant of the transport system.

The influence: of the variant of the transport can be de
termined on the duration of the production cycle using the re
levant information for the variant of the transport system, the 
mode of transfer and the batch size.

The relevant information is collected from the particular 
TECHNOLOGICAL CHARTS FOR MACHINING AND TRANSPORT as well as from 
sheets with analytical calculatioss and the information is wirt- 
ten into the PROCESS FLOW CHARTS as a basic document and the 
container for these informations.



2.3 THE INVESTIGATION OF THE TRANSFER-LINE EFFECTIVENESS

On the transfer-line with the outfit described in the 
chapter 2.1.2 and The Production Systems Laboratory there are 
performed :

- fundamental research
- education for undergraduate and graduate students
- courses for specialists from the industry (transfer).

.1 Fundamental Research

When designing an automatical processing line in the 
mechanical engineering it is necessary to make several decisions 
of various factors and limits. In this work will be considered 
some of the technico-technological and economical aspects of 
design of lines (AOL) such as:

- number of sections (machines) in the line (necessary) 
that provides the maximal effectiveness

- the installation sequence - dividing into sections and 
layout

- the s.tock capacity needed between sections

- the stock capacity allocation between sections (buffers)

- the influence for buffers on the line effectiveness

- if the buffer will be filled after emptying during the 
. downtime etc.

Each of these decisions can be analysed from the aspect 
of tis limits and completely depends on the technical possibli- 
ties of the line such as the unit time of machining and the 
characteristics of the line in FAILURE (location and duration 
of the failure).

The technical limits hava a great impact on the decision 
making in question. With regards to these decisions it is pos
sible to minimize the own costs and the costs of the U n e  opera
tion (with constant costs of the workers* labour - operators 
and maintenance) or to maximize the limit profit provided by 
the operation of the line (with variable operator’s labour costs)
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Automatical machining (production) line AOL or the trans
fer line in the mechanical engineering is defined as a sequence 
of the automatical (mechanically controlled) production stations 
which are mutually connected. The aim of AOL is production 
(machining) of a certain product or group of products that are 
similar geometrically and tehcnologically.

The line is IN WORK when there is an output on the last 
station. Otherwise the line is IN FAILURE. On the Fig.23 there 
are given various types of lines. Every machine (section) in 
the line is a potential source of failures that are random. The 
causes of failures can be various. The consequences are always 
the same - decrease of the effectiveness of the line.

INPUT

r J-EH3-00-CH3-Q-

!

OUTPUT

DIRECTION OF THE FLOW

□  Technoiogicoi 
unit (machine!

7 1  B u ffe r- 
p  - transporter

I strongly connected - block line 
II machines and buffers alternatively 
III erroneus allocation of buffers 
IV partial parallelnes of the line

Fig.23

Apart from the basic states (IN WORK, IN FAILURE) the 
line cnn be in a state FORCED SLOWDOWN (waiting).

The possibility of making stocks between two sections is 
called BUFFER. The maximal number of units of products that can 
be put into the buffer and is called capacity. The buffer has



54

a role to neutralise the states IN FAILURE, e.g. increasing the 
reliability, that has an impact on the effectiveness increase. 
Buffers are not loaded before the start of the production.

The limit types of lines: block-line (without the buf
fer, w.g. with the stock capacity 0) and the line with the un
limited (infinite) stock capacity are in the first case rear 
and in the second imaginary (impossible).

The machining time (production time) for the product 
unit on every particular station in AOLE is considered to be 
constant principally it si the normal distribution but the co
efficient of variation is very small so that the above approxi
mation is valid).

The transportation time for the production unit (semi- 
-final product) between stations is neglogible or can be added 
to the machining time. The effectiveness of lines can be expres
sed in several ways, such as:

1. technical effectiveness

Et(t) = R(t)* P(t)*Fp

or as a product of availability, reliability and functional 
capability that will be described in chapter 3.0.

2. productivity or the output of products from the line

3. availability

* Ay e+v
that is, also, described in chapter 3.0.

4. the ratio of times IN WORK and IN FAILURE

,  .  V ° >  -  Po 
E P0CO) -- Por-7

where
PQ - time percentage IN FAILURES for the line
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Pq (0) ~ time percentage IN FAILURE for the line 
without the buffer

P <-) - time percentage IN FAILURE for the line 
with unlimited (infinite) fuffers

5. economical effectiveness

as a difference between the total income (brutto) and 
total costs

n
DOH = BUP - E T.

i = 1 1

6. the product of technical and economical effectiveness 
or some other combination or measure of the effective
ness of the work of the line.

In investigations the following questions are of interest:

1) Whether to use process stocks-buffers

Effectiveness of the buffer e8 depends on the buffer 
capacity and the way of dividing the line into sections, and 
does not depend on the undivided (block) line, so that when 
the effectiveness of the line is high, the increment of the 
effectiveness by using the buffer is small. For instance, 
the same buffer capacity qill increase the effectiveness of 
the line from 0,70 to 0,85 or from 0,90 to 0,95. Thus, if 
the effectiveness of the line is high the buffers are useless.

The buffer capacity calculation is necessary only when 
slowdowns of the line are a result of failures in stations 
without buffers only, and not a result of tool shortage, re
sources shortage or energy shortage e.g. external factors.
In the opposite the buffers will not have any considerable 
impact on the line effectiveness.

When considering the line effectiveness it is necessary 
primarily to analize the causes and consequences of failures 
and theirs‘.duration, distribution etc. Consequently there 
must be tested the criteria shown in previous chapters in 
order to determine the maximum gained by the use of buffers.
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2) On how many sections the line should be divided?

Generally, providing processing stocks(using the buffers) 
incorporates important fixed (investment) costs that do not 
depend on the buffer capacity. This is caused by the neces
sity to maintain the flow of work pieces - e.g. special 
equipment for the transfer (transport) of work pieces from 
one buffer to another. From the fig.7 it can be seen that 
the advantage of using every additional section decreases 
and can be even negative (e.g. loss) if the buffer capacity 
is too smal1.

From the above it can be concluded that the number of 
sections must decrease the costs of both stocks and that 
the number of dividions (to sections) must be small.

It is difficult to prove that building the lines with 
more than 5 sections can be justified.

3) Between which sections must the buffer be put?

On Fig.2 and 5 is shown the optimization of the division 
of the line into sections. From these figures it can be 
gathered that the effectiveness is not sensible to the chan
ges in number of sections in the line. It is better to keep 
the failure rates of the first and the last sections higher 
than those on the middle ones because otherwise 'ine is 
divided primary on the basis of technico-technolo^ical con- 
siderati ons.

4) How to divide the total buffer capacity, e.g. what is the 
necessary buffer capacity?

The necessary buffer capacity must be such that at 1 
satisfies the mean time in failure for the previous section. 
Because the size of the buffer capacity necessary for the 
improvement of the line work is sensible according the change 
of the repair time distribution (this always has to be proven) 
it is recommendable that the buffer capacity sholud not exceed 
five times the mean repair time. This can' not be justified 
by the fact that the marginal costs of the extra-capacity



could be neglini bio. It is necessary to analyze some other 
parameters such as the space (area-volume necessary), trans
porters etc.

a) OPTIMIZING AOL

.1 Theoretical considerations

Consider a line with n stations without buffers, tne so 
called block-line e.g. AOL with strong commections oetween machi
nes .

Let P  ̂ be a percentage of time in failure for the i-ts 
station when the machines are independent (e.g. the failure of 
i-th machine do not cause the failure of the j-th machine).

The percentage of time IN FAILURE for the station that 
works in the buffered line with limited stock decreases because 
the station will periodically enter the state FORCED SLOWDOWN 
(failure, for instance waiting for job). Here is assumed that 
the station can not be in failure if forces to slowdown.

Without buffers the forces slowdown lasts until any of 
machines fails.

Divided to observation period T of the line without buf
fers into n intervals that represent moments of the failure for 
every station (when one station is in failure and others in 
forced slowdown) and one interval where all stations are IN 
WORK. The intervals IN FAILURE will be labeled by t  ̂ and in
terval IN WORK by 0 = Etp.j , as shown on Fig.24.

The times tQl- are put into a sequence just because cf 
simplicity and do not have any implications on the sequence of 
fa i 1ures.

- a 7 -

T

* ■ -1 u ;

*o2 ‘ o3 *or: -1 • 3~)-» 'I ■ — I I 1 I l t I 1 i I I-I— 3 -
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Clearly,
0 » -

t .01 | « ; A
01 e + t.1

and

Etoi + 8 = V  + 6 = T B

If t . is a 01
percentage of time IN FAILURE for the i-th machine

in the line then

P . = 01
t . t .01 _ 01 _ toi c
T ■" e+v n

9+ E t .
j“1 OJ

From the expressions A and C

ord

P».01

P . 01
tt̂ TTT

T ~
 ̂+ E M_p ’ T
j«1 1 oj'

PA-oi

01 F .
OJ

0

E

The time percentage IN FAILURE for the entire line with 
out buffers is a sum of percentages IN FAILURE for machines, 

e.g.

PL (0)
01

F T
oji+(i-p;

F

If we consider the AOL with n machines connected with 
buffers with infinite capacity then the above considerations of 
the time percentage for the line that do not product are the 
same as for the station with maximal percentage of time IN 
FAILURE e.g.

PL(oo) = max (PT)

If the experssions F and G are calculated for a particular line 
than the difference PL(~), and PL(0) is a maximal percentage of
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the productivity (output) recent of the line:

AQ = PL ( ) - PL(0) H

FIMICK 30 gives two expressions for the effectiveness 
of the line with two stations - for the “balanced" line (0̂ =11 

and “un balanced) line whereby U1 = A ̂ / u ̂ and u 2 “ ̂ 2 / ̂ 2 ’
\

The number of parts in the buffer for the 
with two stations is (formula from 30 )

"balanced" i ne

N 2fh/:
H É T 7 (Uu)

Ti

where
U » u1 * u2

A£ - increment of the effectiveness

The expression for N is a linear function of the ratio 
h / u  and can be presented as on the Fig.25.

w ? : a

rig. 25

CM
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These results should not be surprising. It must be exoec- 
ted that the'buffer capacity increases with the increase of the 
mean time IN FAILURE because it means that the system must fill 
the buffer almost all the time. The same stands for the decrease 
of the production time for the unit of product. It seems reason
able that the expected buffer capacity for the product that is 
processed for say tcp = 2 sec 1s twice as small as for the product 
with t =1 sec, naturally under the same line effectiveness.

For large values of E, which is of special interest as 
well as small values of u that present the degree of line utili
zation the necessarc buffer capacity is relatively unsensible 
to the exact values of u. For instance, for E = 0,8 the change 
of u cross the factor 5 from 0,10 to 0,02 the divisor in the 
expression I changes with the factor of only 1,4.

.2 The line with three sections

For lines with more than two sections there will not be 
given the general solution for the ratio of stocks and produc
tion and the perseprtives of solving are not clear so that the 
special attention must be devoted to the limitations because 
the problem becomes too complex.

Because every section can be found in one of the following
states

- IN WORK
- IN FAILURE
- IN FORCED SLOWDOWN (waiting)

The line with n sections can be found in one of 3n states.

Naturally, this number of states contains also a certain 
number of impossible states such as, for instance, "all stations 
in the FORCED SLOWDOWN" but these form just a little fraction 
of 3n states.

The line considered here is composed of 4 sections so 
that the total number of sections (including impossible ones) is
81.
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It is possible to obtain the quantitative results for 
e line with three sections by the use of digital si"..It,or 
vcl oped by FREEMAN 40 in the programming language ALGOL 
his simulator will not be considered here).

The investigations of the necessary buffer c-nocity for 
the balanced line were performed when the times IN WORK and 
IN FAILURE are the same for all three stations.

The next step ÍS ho W
city betwe en 'sections if t h 1

The simulator has si

0 d ! 1 GCü . j .r.e wGat
they are not balanced?

■ e r c a o a -

: n that, as in the case of 2-sec
tional line, the necessary buffer capacity between sections of 
3-sectionai line (capable of producing the given effectiveness 
increase E), is a linear function of the ratio h/y as shown on 
Fi g. 26 .

Fi g .26 The i n f 1•j 3nee of tne effectiveness of the 3 * 5 c ̂ w i Kj • • >.*
line on tne buffer capaci ty

Basica M y U .**! /» "]1 / •  ! TC O Ci C C n-*rves are chtnire V • . _» r* ■" . ^
ra nged from 1 to ¡0 , ‘./y nan god from i 0 to i V ' • 1 c- l . ' 1 •>

to 0,20. On the Fi •  u  v L i i u  « a 1ue of U is 0,1 0. The vslues of
V.1 0u 1 d inr Phi w i . U ve by 410 :: if u=c ar.d decrease by » j -■ : ; J = 0,02 v; i
the proportional tunning.



The same argument concerning linear relationships, con
sidered with 2-sectional hold also for the 3-sectional line.
A1though it can not be proven it seems reasonable to expect 
chat such (linear) ra1ationshid s  should be held for the line 
with n s e c i t o n s.

On the Fig.27 there is given a comparison for the 2- and 
3-secti oral 1i nes .

3-sectional lines

For the low values of E the differences in the necessary 
value of N are small, but for the values such as E-0,90 the 
difference is of the order 2 times. Unfortunately, it seems 
that when the number of sections increases there arises the nee 
for buffers with the infinite capacity for high values of E.

The simulation shows that the value of U has smaller im
pact on the necessary value hor N.. for the 3-sectional then for 
2-sectional line.

For the multisectiona1 lines without analytical formu
lation the linear property of the necessary buffer capacity nas 
an extremely important practical significance. Therefore, the 
informations about the system can be obtained for every ratio 
h/u from the graph of tne effectiveness increment related to 
the buffer capacity, Fig.23.
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Fig.28 The effects of buffer capacity because of decrease 
caused by line failure

It should be noted that Fig. 26 and Fig.28 are usable to
gether (for Fig.28 h/y=50).

For instance, let h/y be known for the line and tnat it 
is necessary to determine the effectiveness increase derived 
from the buffer capacity . On the Fig.26 the point (h/y^,N..) 
is fixed, then the line is drown from the eeggining of the co
ordinate system through that point until the intersection with 
the line h/y=50. The value of N in that point is used on Fig.28. 
From the Fig.28 the effectiveness increase can be read directly.

A1ternatively, the buffer capacity can be determined 
that provides the effectiveness increase E for a system with 
known h/y. In that case £ is put on the FIG.28 and the buffer 
capacity is determined for h/y=50.

The value of N is found on the intersection of the line 
h/y=50 on Fig.28 and the line drawn through the beggining of 
coordinate system.

If AOL is not balanced., the problems arise for decision 
making which of the Duffer capacities is to be used, hov; do 
determine the effect of variable sections and the mode of the 
buffer allocation between sections. The aporoximate arrective- 
ness obtained ^or the given total buffer capacity when optimal



ly alocated car. be determined by dividing the capacity by the 
number of the average h/y of the line as the parameters of the 
theoretically balanced line. The method described in the pre
vious part is appropriate for this goal.

The simulation of results shows that for every reason
able distribution of the ‘-uffer capacity is better when the 
production technology allowes to exist a good section (which 
is rearly IN FAILURE) and a bad section that are situated im
mediately one after the other in a 3-sectional line than to al
low them to be separated by the middle section. The maximum pos
sible increment for the given total capacity of the buffer is 
always higher for the former system.

One must always i n s i s t  that, if possible, the BAD sec
tion in the line must be surrounded by GOOD sections. For the 
fixed buffer capacity if (before and after) the bad section 
this decreases the FORCED SLOWDOWN time as much as possible.
The forced slowdown of the bad section is already a limitting 
factor in AOL because of its own FAILURE states.

The results of the simulation show clearly that the cor
rect allocation of the total buffer capacity is important for 
considerationThis is particularly time for the large buffer 
capacities. The erroneus allocation of large buffers can total
ly eliminate their ootential ability to increase effectiveness, 
Fig.29.

It is possible to generalize some considerations on the 
basis of simulation.

1. to avoid extremal allocations such as that between 
certain sections there do not exist buffers and the 
rest of capacity to be spread between other sections,

2. it is worse from the bad section (compared to the 
good one) if the bigger part of the capacity is al
located to the bad section (behind it),

i
3. the ma'in part of the capacity should be allocated 

between the bad and the average (or between two bad) 
sections rather than between the good and bad ones.
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lx is worse if there ¿re two bad sections and a main 
buffer capacity (Fig.29).

— BUFFER ALLOCATION 
•«»

Fig.29 Buffer capacity allocation between bad sections

4. the optimum of the relative allocation is basically 
invariant with the variation of the total buffer 
capacity,

5. toe end of the line is more critical then the leg
ging. If the bad section (machine) is towards the end 
of the line the total capacity will be bigger.

.3 Lines with more than 3 sections

If the line consists of more than 3 sections it is neces
sary to have larger capacity between sections to maintain the 
same effectiveness increase. On Fig.27 is seen that if chang
ing from 2-sectional towards 3-sectional line the difference 
in the buffer capacity required is significant only for very 
high values for the given effectiveness E. It is reasonable to 
expect the similar behaviour of the line with more tnan 3 sec
tions. Thus, there can be expected proportionally bigger in
crease of the capacity required from 2-sectional towards 3-sec
tional line than, for example, from 3-sectional towards 4-sec
tional because the buffer line represents proportionaly samller 
increase over the number cf sections.

r
i
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ir.g tre independoncy of sections whan they beco": [ e o e n c e n :

wi t h more and more medium sections and buffers. I n every casu

it is necessary to evaluate the necess ary buffe v* cupacity wi:.

more than 3 sections on the basis of 3-sectiona 1 1i ne.

.4 Further considerations of the optimizing orobl err.

for AOL

If the line contains one bad section on all the others

bas i cal 1y equ i vale nt, there will be smaller num her of units of
product!on i n the increase that is provided by the buffer cana

city. The reason for this is when a bad section be comes relati
vely worse P (0) and P («>) and ? (“ ) tend to each ether. Inis j  0 \ / o o
depends on the real value of the mean tine Ih FAILURE. The for 
mulation of this effect is derived from the difference between 
PQ(0) and PQ(“ ). The results are ahown in Fig.30.

Fi g. 30 The influence of the bad section on the
possible increase of the effectiveness of 
the line

It is of interest to evaluate the total effects of a.v. s 
deviation.

The machining times can not a e constant f r; : n e
to the product on a11 e hi - t itiers
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In that case the buffers must absorb not only the fluc
tuation of the quantity of product caused by FAILURES but also 
those quantities causec by the randomness of the machining times 
for product units (from the production programme). This increase 
in influence of RANDOMNESS in the system is dangerous (harmful) 
related to the working time of the line because it decreases 
the total production capacity.

If the times IN WORK and IN FAILURE have distributions 
less random from the exponential it is useful to the system in 
a sense of decreasinq the total buffer capacity. The necessary 
buffer capacity is certainly a monotonically increasing func
tion with the change of distributions of time IN FAILURE.

Using the results of quening theory we feel that when 
changing the distributions from exponential to constant the 
buffer capacity decreases at a rate of two.

The main importance of this assumption is a conclusion 
that the necessary size of the buffer is relatively senseless 
to the change in a distribution of the time IN FAILURE.

Practically, it is unconvinient to take into considera
tion the distributions that are much less random then the ex
ponential .

.5 Economical aspects of optimization

The final composing and installing the line is hiahly 
dependent on the unit increment in the production, e.g. economy 
of the production. It seems that this conclusion holds with the 
sufficient accuracy. The value of the extra unit of production 
can be composed of several different elements of price.

In the majority of applications it can be expected that 
the price or value is considerable if it is taken together with 
the following effect of the wel1-designed line:

a) decreasing the overtime work

b) decreasing the batch preparation time

c) decreasing the inter-phase (process) stock



a) decreasing the final products stock

e) better utilisation of the seivers work (operators and 
maintenance)

f) increasing the equipment capacity.

It is clear that those elements must be quantified.

The designed value of the production capacity increase 
together with the methods and considerations performed before 
and, naturally, certain, unavoidable, technical limits can be 
used as a help during the AOLE design.

In further cinsiderations there will be covered the 
problems of the economy during the design and exploitation of 
the AOLE.

.6 Effectiveness of AOL

.1 Block line (without buffers)

The line with n stations has the mean REPAIR time for 
the i-th station equal to T . Suppose that the working time of 
this station follows geometrical distribution with the mean 
1/X. . The value of X is a probability of the failure in the 
previous cycle e.g. the failure rate.

Let T be the time period in which the station is in 
WORK for 0 units of time.

During the period T the line will have the total number 
of FAILURE states

n = n ^ + n £ + . . . + n n

where n̂  is a number of failures for the i-th station during T. 
The total time IN FAILURE is

n
v = l n . • T • 

i=i 1 01

The expected value of n̂  is
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So n
T = 6 + I  X . ’ T • * 0 

i=i 1 01

where

EaiToi9 is a total time IN FAILURE.

The effectiveness of the line is

E„ ■ â 0 T

then

6+ Z T̂.,-0 1+ l •
i=1 1 01 i=1 1 01

If the repair times for every line are equal Theorist.

1+XT

.2 The Lines with Infinite Buffers

This structure coresponds to the line whose stationsare 
completely independent.

The effectiveness of the line E~ is eaual to the minimal 
effectiveness of the station e.g.

E« = min ¡E.j or ing. Ie-j - inferior 
i 1

where

whereby T .. is a mean repair time for the station (it is sup
posed that it is equal for all stations in the line), and 1, X t
is a mean time in work for the i-th station.

Clearly, the necessary effectiveness of the line belongs 
to

E < E. < E«> o L

and has a corresponding buffer capacities.
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.3 T h e LJ r. c with Z s e c t i o r. s
If both sections nave the sane effect!veness the effec

tiveness of the line can be expressed as

E. = E + P,h(z) or L 0 i

El - Eq + P2h’(z)

where and P2 ere the portions of T when the first and second 
sections are under repair, resoectivelly, h(z)-portion of the 
tine in T when the first section is under repair, but the line 
is I'l WORK and n* (z) is a portion of the tine T when the sec or..-, 
station is under repair and the first section is la WORK.

It can be written

h’U) = r -  h(z) = h(z)
2 X2‘o2

Two cases are possible:

a) the repair time distribution is GEOMETRICAL

1) To1 * To2 ■ *o

2) *01 * *02

b) the repair tine distribution is CONSTANT

o 1 o2 o

The approximation X,j*T 2<<1 e-0• X2~o2<<1 *5 
Cn the Fig.31 h(z) is shown as a function of r = X ̂ /X2 
stations have identical a) geometrical and b) cor.sta 
butions, Tq1 = tQ2= 20 and z=40 (buffer capacity).

accent...-/. a . 
when the 
r. t c i s t r i -

If X.- *T . is not small the bufferless line has the ef i o 1
fectiver.ess smaller than 50».
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When a .T . is not snail tr.e effectiveness t 1 01
~ • e i

) f o r  the case o f  i d e n t i c a l  c 

pi
ti ons (Xi=^2 = x).

; t a r. c ci s tri nations or tne re-
air tine (T ,=T 0=T ) and identical failure rates for ne:- v o i od o'

1 s
When X<< 1 and z = L • 7 then the effectiveness c~o

. + ! t u • A ' i
~  .. . " i ~ 7 Z ~ T 2L+l+d(LTIj•A•IQtL-A •I

i e n X 7 < < 0,5 ; h e n is c o n s i a e r a r . y sr
effectiveness in the expression given in pararranr, h),

. 1 _ I A * .

( L + 1 ) * ( i+ 2X 1 0

r-- tne case of inerti C i. . j 0 .7.7 7 7 *, „ w ; c. . s w .

r a 1 7 C- J ;.. w C. . . C 1 C C- , . U »C £ . failure -1 *• /», C ^ r'- V* <* .‘*1 ** * f* I C* w w • v./ * t- 'w w ■ >

f rv 0 i~ ' o 2 ~ ' o ’ X 1 = >'2 = >,) *
The e f f c c t i .■ a n ̂ n s 0 » 1" 7 ° 1 ", 7 7 i s



tZ * A

7 ̂

2+z/T -Cj
2tz/T0*2-i'To(2*Z/f0)*X2f]-2/f0

Inversely, when XT <<0 or so, E is significantly sma 
J o :

r-.A 1 -

ler then the effectiveness given above, e.g,

E. =
2 + z/t +z*X o

(2 + z/To)(H2-\-To)

Finally it is necessary to determine the value of h . s(z) 
e.g. the portion of the tine when section i is under repair 
and j IN WORK.

The formula for h(z) can be obtained from the analysis 
of Markov chains adopted for the line behaviour:

1) h(z)+a for 2-sectional line
a) for the geometrical distribution of the repair 

time

I Identical mean repair times (T0^=T02=T0) sections 

Let us define the parameter

Then

1
c =

1

+ r

+ r

h(z) L i l z s l l

1-rcz ’
r t i

or

h(2) = 2 + (z - 1)?r

For T >>1 there can be usc-d the exponential approximatio o
for cz so
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h(z)
1 - exo(-2• ' I r -.u 1 1

4 _I • r ex?<'T m >
r i 1

or

h(z) = z/To 
2“ + z/I, r « i

II Unidentical mean repair times for sections 

The parameter c is

Then

c = 1 ♦ r - 1/T02 
’  * r  -  r / T o l

or

u/,% _ To2 , 1 -  czh ( z )  = - V -----  (--------J---------
o1 , r o2 „z

)
1 -

o1

T.T ,oZ _i i
nr—  ** 1o1

h(Z> “ T / t 01 * ' ^ 0 2  > ' V To2

r-To2
o2 01

When TQ^>>1 and Tn?>>1 then the exponential approxima-o2
tion for c can be used so

r-T.

and

r* * o2
o1

—  ■ r - 4 —  (T°’ * r~T°?)V  T C  TT-r-)

or

h(z) * r
, 1 -

1-r-ex?
0

h(z) z/To r *■ 1
2 + z/T<;

i
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When r’=1 then I’ =

b) Constant distribution cf the repair time

Identical mean repair times T , =T ->=7̂  supposeOk 0 C. \J

z = LT„ + v a C < v < T,

and L is the integer value of z/7

i nen

or

U1,, ..-2
h(z) = r

l-r^1 + 'o (l-rL+i)(1-rL*‘:)
r? I

r = l. , . L  ̂v 1
'z' L+'i T fL + r) Cl+2"7

The measure of the effectiveness of the buffer is

iyh(z)e s •____= h (z)_______
B r p r i ^  ; ♦ r.To27 T ^

On the Fig.31 si shown the relationship between e„ andv ij
r when T ,=T o=20 and z=40 for distributions of the mean repair 

ol 02
time a) geometrical, b) constant

05-’1

k 0.

¿0 3.0

Fig. 32 Relationship betwee n e. and r- / a, , z = '<u I 4 =■■2!

J



early, e. V ^ 4» . i- ximun for r = 1 , e . ;;. v:.-. a n X . anai
ars equa 1 regardless of the mean repair f. me da str*. boti or*.

'..'hen those astri bâtions are not identical geometric,
e. has a maximum for X, • T _. = X2‘o2*

On the fig.32 there is given a relationship ep(z/t0) for 
theeline divided optimally, when the distributions of the reoair 
time are identical: a) geometrical b) constant.

On the fig.34 there is caver a ratio of the mean time 
If! l.'GRK for the lane and the mean machining tame cr. the station 
as a function of z/1\ ehen X.= X, = X and T ,=T _=T and the das- 
tributions of the repair time are: a) geometrical b; constant.

Sometimes it is important to emphasize the question of 
the mean time IN V.G R K for the line if the stock in the buffer 
is on a given level z .

0.3-

a-two- h-three-sectional line
I * 3 C’ O 3 0 u . C a » . i c o r. S u a n t

distribution of TQi

Fiq.3 The relationship between e, and z/7 forL* C
two-and three-sectional line

On the F i g . 3 5 is shown the » w t# » 0 V * v .\ c . ■ 'f r. c . 0 4. /-  ̂ ̂ v ■ «

r, and the near, machining time es a function of 2x for
,=T o = 2 0, X, = X _ T  ; ( 1  1 a n d icenti cal di stri bl* t i 0 fi bo; oz , Z ’ c
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of the repair time. The possible values of 2x are 0,20, 40.

It can be shown that the tine IK WORK has anproximate!y 
geometrical distribution if the distribution of the repair time 
is geometrical. The time IK WORK has also geometrical distribu
tion if tne repair time has a constant distribution and large 
z/Tq (larger than 10). because the coefficient of variation of 
the distribution of the time IK WORK is less than 1 when z/TQ 
i s smal1.

The effectiveness ofthe line with three sections can be 
written in one of the following three ways (if every section 
has the same effectiveness):

EL * Eo + Pli“l3^ZlZ2̂  + P2 h23^Z1,Z2̂

EL = Eo + P1^12^Z1,z2̂  + P3h32^z1,z2̂

EL = E o +  P 2 h 2 1 Ẑ1 ,Z2^+P3h31^z1*z2̂

where
- effectiveness of the block-line o

P1,P2,P3 ” portions of the section repair time

(zi»z2 ) * portion of the time when the section i is 
under repair and j IK WORK

.Zg - buffer capacities

The values ĥ. .(z^.Zg) can not be determined quickly except 
when the distributions of the repair times are identical and 
constant. In that case if z^/To  ̂ M and z i ^ w^ere are 
integers il-jj(zi»z2 ) can be calculated by solving (M+1)(N + 1) 
equati ons.

.4 Three-Sectional Line as a Two-Sectional

Effectiveness of the 3-sectional line can be obtained 
from the result for 2-sectional if 2-sectional line has a re
pair time distribution different from the geomatric3l and if 
the distributions are identical for sections.
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Three-sectional line can be considered as a 2-sectional 
in two ways:

U  Line divided into two sections at the first stoctc- 
-buffer

2. Line divided at the second buffer.

If the nain times IN WORK for stations are
t/X3 and if the line is divided at the first buffer, the first
section has a failure rate X^, and the second {X^+Xj! t-h^Ug) j}

where is a portion of the repair time for the third
station when the second station works (it is supposed that it
depends only on z2). Then

h12(Zf) • NiZj.rj) where 

Xg^Xjll-hjgiZg)j
**1 “ S“

and hUj.rj) is h(z) for 2-sectional line.

It is similar when the line is divided into two sections 
at the second buffer - the failure rate for the first section is 
(Xg+XjIl-hjgCZj)!) and the second X3, so

h3^(z2) - h(z2,r2) where

_ _ x2+xl ̂ ' ht2^zi^
p2 * ------ TJ-------

Thus, we have two equations that can be solved by the 
Iterative procedure. We suppose the initial value of h^2 *n<* 
place it into r2 in order to solve for h32 etc. The convergence 
is rapid.

For the solutions obtained the effectiveness of the line 
can be expressed as

« £0 + )+P3h32^z2̂

« £& + ^ i h l 2 i z 1 ^ * ^ 1  ‘ ^” h12(z 1) ^+P2 ^ ’23^Z2^
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where
x2+x, i  t - h 32Cz2 ) [

Xg+X t!^“uj2 2̂1 ̂ *

The effectiveness of the buffer is:

* X3h32(z2) 
X^+Xg+X^

On the Fig.36 is shown the relationship between e& and 
Xj/Xg and X^/X2 for Zj*z2*40 and ^y^“T02*To*^®’

It can be seen that e^ is not sensible to the variations 
of X^/Xg and Xj/Xg near optimal values of these ratios.

By the use of approximate methods it can be proved that 
for the maximal effectiveness of the buffer the total capacity 
of the buffer z must be divided into two buffers z^*z2*2/2 , and 
the line must be divided into sections such that Xj»X3 and 
X2“X.j*h whereby h»h(z/2) for the two-station line when r»t.

Fig.36 Relationship between and X^/X2 and X^/X^ for the 
3-station line with Zj*z2=40 and



When the line is divided in such way the ratios r. and r« are 
\ * ^

equal.

It is possible.to increase the value by the use of ap
proximate procedures, that must be smaller of â  and X^ for the 
maciraal effectiveness. The line divided in such way is close 
to the maximal effectiveness because, when close to the optimum, 
the effectiveness is senseless to the changes in dividing.

When the line is optimally divided into sections 

2h
eB * *

On the Fig.33 there is shown the value of eB as a func
tion of z / T Q for the optimally divided line, and when the dis
tributions of the repair time are a) geomebrical and b) constant

.5 The Line with more than 3 stations

The effectiveness of the line can be determined by gene
ralizing the approximate prncedure from d). The line with n sta
tions can be divided into two sections on (N-l) ways according 
to the division at every buffer. It is assumed that all stations 
in the line have the identical distributions of the repair time.

We will use the following notation:

X^ - failure rate of k-th station

X£ - failure rate of k-th station caused by its own 
failures or failures caused by 1,2,... ,(k-1)-th 
station

X£ - failure rate of cne k-th station caused by failures 
of k, (k+1),..n-th station 

hfc " portion of the downtime of the k-th station
caused by the own failure or the failure of 1,2, 
...,(k-1)-th station, the (k+1)-th station be
ing IN WORK

hk+1 k * potion of the downtime of the (k+t)-th station 
caused by its own failure or the failure of 
(k+2) ,(k+3)... n-th station the k-th station 
being IN WORK
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2  ̂- capacity of the k-th buffer between k-th and 
(k+t)-th station.

Let us consider the line divided into 2 sections at the 
k-th buffer. The values of h aret

hk,k*l * h txk*r k> 1 < k < N-1

" k . l . k  ’  ‘, (*k*r k> ' < * < » - '
and

where

y * yu*~" * —  
* Xk-M r k

H
*<II

* *£-1 n * V i . k > 1 < k < N-1

xk * xk *»!U> ^ " hk+1»kJ 1 < k < N-1

H • xt »5 “ XN

Ue have here 2(N-1} equations that have to be solved for 
2 (U -t )  v . l u . o  of hk ikt I  >nd hk+, >|(.

The effectiveness of the line is now

1hn- t ,n “ E0+Pth124’̂ l ^ ' h12)+P2^h23+

+ ^“”̂ 23) +P2  ̂ ^ * ^ 23^+P3 ^^34+ * * *

If we replace <*k>k+t ■ (i*h|t,|t+t) tnen

E * E°+î 1 Pi’?1d12d23"*dN-1 ,N*P2d23d34*"dN-1 ,r."

-p d -p
rN-1 N-1,K H



THE OPTIMAL DIVISION OF THE LIKE , INTO SECTION

It can be shown that for the maximal effectiveness of 
the buffer the total capacity given can be spread across (PI -1) 
buffers so that every buffer has the capacity z/(N-t) and that 
the line is divided into sections thus that Aj«AK , Ag'Aj,...,* 

•Aji-j-Ajh
. h * h(z(N-t}} for r « Aj/Aj

is
When the line is divided the effectiveness of the buffer

(N-2)h+2

that» when the sections have identical constant distributions 
of the repair time and z/(n-1)t0»L and z/t&*M as integers, equal 
to

; H  • m r 7 7
Hrr + L

When the sections have identical geometrical distribu
tions of the repair time and z/TQ»M than

gB
M

!MN
m r ♦ 4

On the Fig.37 is given a relationship between e£ and N 
for various values of M in two cases.

Note, that for identical constant distribution of the 
repair time the maximum of eB (as a function of M) is reached 
when M«N-1, e.g, when every buffer has the capacity at least 
equal to the mean repair time of sections.



9 - geometrical c - constant

Fig.37 Relationship between e.(N) and eg(K*z/To) for 
geometrical and constant repair time

b) Methodology of the investigations of the effectiveness

The investigations are performed under the methodology 
described in this section.

Phase I; DATA COLLECTION

Data-logger KIENZLE MSA71+CM tl is used for the cata col
lection about DOWN ?r '1 J ;za collection is automatised
using cards-circular oiagraras as shown on Fig.38.

The Kienzle equipment is S-channel and it can registre 
nine different kinds of down times.

The records on cards are, by the use of a card reader, 
converted to a digital values giving the basis for TIME PICTU
RES. Naturally, before the begining of down times registration 
is is necessary (based on the past data) to make a list of pos
sible failures.

\





The hypotheses about the distributions >.(t} ,f (t) ,A(t) 
and R't) are tested and cetermir.ed giving the base for the 
analysis of the line behaviour e.g. its effectiveness.

Phase III: ANALYSIS AND OPTIMIZATION

The effectiveness of the transfer-!ine can be determined 
according to the given expression giving, also, the oasis and 
directions for further development.

Apart from the data mentioned above there are registered 
the data about working conditions and the environment suer, as

- cutting speed (r )
- displacement
- cutting depth
- materila
- pressure, humidity and temperature of the 
envi ronment

- voltage variations
- pressure variations in the installation with the 
comprimed air etc.

In the document SYSTEM BEHAVIOUR CHART are given ail the 
relevant input data about the functioning ' system during
the period given.

.2 Lectures for undergraduate and graduate students

Ir. the Laboratory for production systems for the students 
of mechanical engineering are partially performed the experiments 
describen in part .1 Fundamental research as a part of the sub
ject Effectiveness of technical systems.

The undergraduate level students during the course are 
obliged to execute projects and are involved during their final 
projects in the fundamental investigations under the lead of the 
members of Institute.

The graduated students, as well, throu; course c.-
tiveness of technical systems are obliged to submit a semi r.arial 
work about investigating the line as well as MS theses that is



of special interest to the candidate and Institute.

For the needs of lecturing process the Institute is sup
plied with two films about the functioning of the line:

- without buffers (as installed in the Laboratory)
- with buffers, as we w 3 n t  to installe in the future 

based on the bases of the results of the i n v e s t i g a t i o n  

in the ch a p t e r  1.

Also, presently one of the collaborators in the Institu
te is working on his Ph.D. Thesis using the Laboratory equipmen

.3 Coruses for specialists from the industry

During the period of establishing the Laboratory on the 
Institute where designed the courses for specialists from the 
industry and for areas:

COURSE 4. EFFECTIVENESS OF SYSTEMS AND MAINTENANCE

Part 4.1 - effectiveness of automatical lines (avail 
ability, reliability)

- the effectiveness criteria for production 
systems

- operational readiness
- time picture of states
- maintainability
- case study

Part 4.2 - maintainance and repairs - need and per- 
specti ves

- maintainance procedures
- the use of the maintainance policy
- case study
- problems of maintenance (maintainability)
- service costs etc.

The courses are to oe held periodically and will last 
2-3 days with the aim to train the specialists for the analysis 
and solving the problems of reliability and/or maintainance as 
well as forecasting problems.
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The programme of courses is variable influenced by the 
particular problems and need.

Apart from these courses the Institute will organize 
every third year the Symposium "Effectiveness of Technical Sys 
terns - EFTES" in Novi Sad, On the next. III symposium (1981) 
that will be a part of the INTERNATIONAL CONFERENCE ON PRODUC
TION there will be presented some results of these investiga
tions .

2.4 Investigating production control

The basic aim of using Dispo system is:

1. Training of students
2. Scheduling and control of the line
3. Training of specialists from the industry.

The title 1. contains a set of practical excercises for 
the students on IX semester, and according to the programme of 
the course “Production systems control". Scheduling and control 
of the line is performed in the following way:

Using the tables for planning all the production activi
ties are scheduled using the information from card files. The 
activity scheduling is transfered from the terminal centre to 
the table for final scheduling through the optico-acustical sys 
tern. Based on this information the production activities are 
performed. Through the same connection the feedback information 
is transfered back to the terminal centre giving the background 
for the knowledge about the systems* state at every moment.

In the scope of the activity No.3 is performed the train 
ing for the people from industry, and through special courses. 
This is particularly devoted to the people from firms that will 
or already have introduced the system for the production contro

T ne purpose of introducing the terminal sybsystem to the 
laboratory is

- training of students
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- joint use with the Dispo system
- scientific research in the field of the software de
velopment for production control.

Several excercises from the topic “Production systems 
control*1 are performed in this laboratory with the aim to pre
sent the possibilities of the computer use in production control.

The terminal also can be used together with the Dispo 
system in order to execute all the calculations connected to 
the planning. This activity is strongly connected to the acti
vity “Scientific research in the field of the software develop
ment” because it is a part of the development of the general 
model of the production control whose use is possible under the 
fol 1 owi ng;,qondi ti ons :

- mannual information processing
: iw ^

- information processing using the organizational equip
ment (Dispo, Georga, Optiplan, IMAX etc.)

- use' of the computer.

The equipment for data collection will be used for the 
fol1 owing:

- on.the diagramatic plate situated on the equipment 
KIENZLE MSA 71/CM11 that is directly connected to the 
machlne the following data are collected:

- number of parts producted
- duration of the production
- the kind, duration and frequency of failure
- start and trermination of the work.

Through the analysis of this data using KIENZLE EDA equio- 
ment the following can be obtained

- straightforward infromation
- basis for the enalysis of technical and organiza

tional buttlenecks
- the data about the necessary activities for the 
for the decrease of time in failure

- information necessary for the flow control

J
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- the data for comparison of planned and real values
- utilization coefficients for machines
- exploitation costs
- bases for various calculations
- data for various statistical calculations.

x

For the specialists from industry the following courses
are organized:

COURSE 3: PRODUCTION SYSTEMS CONTROL

Part 3.1 - the control function for the production 
processes

- forecasting
- planning
- determining deadlines
- control of flows in system
- case study

Part 3.2 - the use of computers in production control
- programming the planning procedures, con

trol of the production etc.
- case study

Part 3.3 the use of the production control system 
the case study

The terminal subsistem is installed at the Institute for 
industrial systems and is connected to the main system through 
telephone line.

The terminal is used for the following:

1. Scientific research
2. Lecturing e.g. training of students and specia

lists from the industry
3. Transfer of knowledge

1. Scientific research for the people of the Institute

The Institute for industrial systems is involved in a 
very rich scientific work that is executed through a number of
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papers presented in Yugoslavia and abroad as well as a number 
of scientific projects.

Such kind of activities lead, in present phase, to the 
necessity of the use of computer basically for two reasons:

- shortening the time necessary fro routine work
- improving the approach to the scientific research.

In the first phase the terminal subsystem will be used 
for writting and execution of application programmes that will, 
partly or totally, automatize the methodology developed so far 
in order to its practical use.

Particularly, there will be developed special software 
for the control of the automatic line that is installed at the 
Institute. The applications to be developed will contain:

- the programmes for the line control together with the 
Dispo system

- investigation of the work of the line from the aspect 
of effectiveness and, particularly, reliability and 
making appropriate statistics

- development of simulation models of the line reliabili
ty.

2. Lecturing

The terminal subsystem will be us*»d in the lecturing 
process at the Faculty of Technical Sciences in the following 
way:

- training of students to use the terminal
- learning high programming languages (FORTRAN and CO30L)
- introduction to some programming packages (PERT).

Apart from this the courses will be organized for spe
cialists from the industry and for the collaborators at the 
Institute on the same topics.

3. Transfer of knowledge

One among the main aims of collaboration with the firm 
"Naftagas" which is the owner of the main computer system in the
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joint work on the development of software for the use at both 
organizations. In that sense the specialists from the Institute 
and "Naftagas'' will develop software packages for the produc
tion control in "Naftagas“ as well as on adapting the existing 
applications for the use at both organizations.

Finally, tke programmes developed as a part of the acti
vity No.3 will be used for the direct transfer of knowledge 
between the Institute and “Naftagas" and other organizations 
interested.

Apart from this there will be organized the following
course.

COURSE 6: SIMULATION METHOD

Part 6.1 - the philosophy of simulation
- simulation procedures
- interactive programming
- random number generators and sampling

___ techniques
- simulation languages
- case study

Part 6.2 - planning of simulation experiments
- the necessity to simulate
- case study.

3.0 RECOMMENDATIONS AND SUGGESTIONS

The investigations carried out during the work on the 
Project have resulted in the following recommendations and sug
gestions to the U.N.I.D.O. Agency and Yugoslav Government:

1) Recommendations for continuing the investigations

We think that the following investigations have to be 
continued and expanded (the suggestions are the result of train- 
ning programmes and expert missions);
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- in the investigation of production systems’ structures 
in a sense of automatization of machining and assembl
ing structures of production systems in order to decre
ase the cycle time in machining and assembly as well
as work and time study investigations

- in the area of determinations of the variants of opera
tion performance related to the loading, capacity and 
the latest terms for finishing. The cnoice of the opti
mal termination variant for the production

- the use of minicomputer as a support for organizational 
tools in the area of production control

- mathematical and simulation modelling (computer orient
ed) of production systems, particularly of automatic 
lines and using :he group technology

- introducing computer performance evaluation techniques 
into computer centers in industry in order to minimize 
costs of equipment supply

- the transport problems between work places

- the investigation of the use of Computer Aided Design 
(CAD/CAM technology) in metal working industry

- the flexibility of production systems structures

- the possibilities of introducing buffers into the 
existing equipment in the line installed at the Labo
ratory for Industrial Systems

- maintainability as a function of the complexity of 
technological systems

- design adequacy and operational readyness of technical 
systems

- transfer of knowledge into the industry.

2) Recommendations for further training and specialization

The further training of the project team members is nece- 
s s a ry in:
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the following scientific-research institutes and fac
tories in a field of the automatization of production 
processes :

a) IPA (Institute fur Produktion und Automatisierung 
den Produktionssystemen) - Stutgart - BDR

b) TU (Technische Universitat in Dresden) - DDR

c) 3WI (Betriebswissenschaftliches Institut der ETH) 
in Ziirich, Schweiz

d) BOSCH FA. in Stutgart, BRD

e) QKU-Automatik, Winterbach, BRD

f) Georg Fischer A.G., Schaffhausen, Schweiz

g) MHron-Hesl er, Boudry, Schweiz 

n) Lanco-Economic, Belach, Schweiz

in the field of production control in institutes and 
i dtistry such as :

a) MIT (Massachusets Institute of Technology) in USA

b) IMB - International Bussines Machine CO.

c) Institut Bauman in Moscow, USSR

d) Dispo-Organisation - Factory for production control 
equipment

e) Ormig - Factory for computer equipment - BRD

in the field of operating systems in following firms:

a) I CL Ltd., UK

b) IBM, GB or USA

c) Kingston Coledge, UK

in the field of information systems:

- IBM - International Bussines Machine Co.

- WML, TH - AACHEN, BDR
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- Gildemaister maschinenfabrik GM3H Biklefeld, FR 
Germany

- in the field of CAD

- WML.TH - AACHEN, BDR

- Tektronix, USA

- CDC - Control Data Corporation

- in the field of performance evaluation 

a) in ICL or IBM firms inUK and/or USA

- the use of processes computers in the production 
control

- UNIVAC, USA

- CDC - Control Data Corporation, USA

- the training in the field of reliability theory 
as a tool for productivity improvement of produc
tion systems in the metal working industry

- the training in the area of transport and storage 
equipment in Fa. Demag, BRD

3) Recommendations for the purchase of new equipment

- in the area of the automatization in production 
systems

a) semiatuomatic and automatic assembly lines
b) assembly machines
c) the equipment for the work places that are 

ergonomically formed on the principles of rational 
execution of operations

d) the time measuring equipment
e) the robot for performing certain operations

- in the area of production systems control

a) minicomputer to be used together with DISPO sys
tem in the process of production planning and pro
cessing of feedback information

0



b) Kienz’e card reader for circular diagrams and 
the equipment for data processing about down
times

in the area of CAD

a) the equipment for computer aided design made by

- Tectronix
- Calcomp
- CDC (Control Data Corporation)

b) the equipment for transprot and storage made by 
Demag, BRD.







LIST FELLO'.-.'Sii IPS

1. Zelenovid Dragutin, oroject manager:

CARDIFF - University of Hales - Institute for Sciences 
and Technology,
from june 18^n through Septenoer 10wn 1973

Title of fellowship: Study in grouping technology, lay-out
of equipment and production control

Aim: Finalization of manuscript of project finoir.gs ar.d re- 
comendati ons.

2 Cosid Ilija, research engineer:

- OKU-Automatik, Winterbach, Germany from September 1 
through 15tn 1973

- Micron Hessler, Boundry, Switherland from September 
15th through 30tn 1973

- Betriebswissenschafti r.sti tut der ETK, Zurich,
r * s t

Schv/i tzerland , from October 1 through November 31 
1973

Title of fellowship: Assembly Processes in Production Syste

Aim: Education in System Theory and Application in Produc
tion Systems

3. Dzigurski Branko,research engineer:

CARDIFF-. - University of Hales - Institute for Sciences 
and Technology, from January 15u’ through Ar/ri 1 15 “ 10

Title of fellowship: Method and work study and use of ecui o
ment for v;ork study

Aim: Education of the candidate in this area.



tn
-T. L's v. c "i.ori:, research s m

Fabriki samochdcwi oscbovi ch, . z c. v/ » .J o i û r c r r o m
Ja.nuray 2"^ through February E",‘ 1979, and from 
February 15'’̂  through 25vn

- Przemys 1 cwy Ir.stytut Maszi.n 3udov/l ar.ych-Gumar, V.'arszav.',
*• p  ̂,ri

Poland, from February 5V ‘ tnrough 19'" 1979

Tills of fellowship: Computer Aided Design

Aim: Educati or. of tne Candidate in Prcducti or Control and 
Computer Aided Design

. Malbaski Qusan, research engineer:
th- ICL, London, Ü.K. from June 4 through September 

1979

Title of fellowship: Computer Systems

Aim: Studies in Computer Systems and Application in Produc
tion Control

6. Stani vukovi c Dragutin, research engineer:

- Betriebswissenschaftliches Institut der ETH, Zurich,
Switherland, from June 25 n through August 25 , 1979

- DUAP Ag., Herzogebuschsee, Switherland, from August 
27th through September 1st, 1979

- DU3IED E.+Cie.S.A, Neuchatel , Switzerland, from Sep-

. - th
tember 3rd through 3th, 1979

- TAREX S.A., Geneve, Seitzerland, from September 1C
n dthrough 22 , 1979

- GEORG FISCHER, A.G., Scnaffhausen, Switzerland
3R0>¡N-30VERY COMPAN Y, 3,

of fel1cwshi p: Relia bi 1

duC2tion of the Cand ida
a 1 Systems and m !> Z j *1cat
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4.3 Abstracts of reports of 
experts mission



ra • >Irahem G. Hitchir.gs, PhD 
Expert - Production systems

DRAFT INTERMEDIATE REPORT - 1975,

S u m m a r y -

Although successful in areas involving theoretical work 
both in teaching and research, the Institute of the School of 
Mechanical Engineering of the University of Novi Sad desires tc 
change its direction toward a more oractically orientec orogram- 
me serving the best interest of both industry and the University 
Ways are suggested as to the most effective way of achieving this 
goal. At root, funcamental changes may be necessary in restruc
turing existing diploma courses such that an element of co-one- 
rative education is involved from the early part of the course. 
Existing links with industry must be strengthened and real prob
lems examined and research using the latest management aids. 
Consultancy in industry resulting in the setting up of special is 
training courses for managers brings about much Case Study mate
rial beneficial to both industry and the University. Purnose 
buiIt-laboratories already planned can enhance the contribution 
of the Institute to some of industries real problems. New equip
ment for the efficient collection and collation of industrial 
data will prove of vital use in practical research. Surveys can 
indicate to the Institute useful directions for applying their 
research and teaching effort. Development of readily available 
computer nrogrammes involving heuristic and simulation procedu
res can immediately contribute to solving specific industrial 
problems. Such re-orientation will both in the short and long 
terms prove of mutual benefit to both parties.



4.3.2

-  104

Leonid Ivanovich Yolchkevich, PhD 
Expert - System reliability

DRAFT MISSION REPORT 

- S u m m a r y -

During the stay at the Faculty of technical sciences, 
University of Novi Sad (dean of the Fakulty, professor 3. Zele- 
novic) I have a number of lectures ar.d accomplished scientific 
consultations concerning a set of questions concerning the theory 
and the practice of the reliability of the technological machi
nes and their systems, as well the aoplications in the area of 
exploitation and the design.

The new problems are opened and among then is one of the 
most important the provision of the high reliabi1ity of the 
machine, especially the automate and the automatic lines.- The 
low values of the reliability decrease the production and in
crease the quantity of the labour spent on the service.

Therefore, the modern machines must be designed in sucn 
a manner that the calculation includs not only the motion ar.d 
strength of the elements, but also the high reliability. The im
portant task of the modern machine science are the dove!ooment 
of the methodology of calculation and production according to 
the reliability and productivity criteria and the economical ef
fectiveness. Therefore in many countries the basic development 
of the investigation of the machine and systems reliability 
found its place in the lectures for students and graduatec stu
dents, on a number of conferences and simposiums as well as the 
scientific literature.

It is necessary to develop the i nterna ti cna 1 rel or.s., i 
including Uii, concerning the ouest ions mentioned a cove, that ; s 
t r. e interchange of ideas and extending the progressive scientific 
methocc1ogy.



4.3.3

!ii tchi ngs ,
.xoer Production systems

TMT?" V T “*. * A X »i > « .  f t i ' t t e  a  .  r.
- r* r 
•  o w repo: 1 977 .

- S u n m a r y -

Tne long range objectives of the Department of Industri
al Systems, Institute of the School of .v.achar.ical Engineering, 
University of Novi Sad, Yugoslavia are to increase the quantity 
ana improve the quality of project participants, professional 
managers and controlles of production system. Linked with this 
prime objecitve is the need to improve productivity in indust
rial and other sectors of the country’s economy by using modern 
systems of industrial optimization with specific cons i dera ti or. 
to the more extensive use of batch and line metr.ods cf produc
tion. These long range aims are being met in gradations by 
achieving stated immediate objective. This report covers the 
period 1975-1977 and records the progress which has been made 
in achieving these immediate objectives and the extent to whicn 
it is possible to realize the long range objectives. Co.v.r.ari s„r 
are drawn with a report which covered the period 1973-1975. In
dications are that satisfactory progress has been made in ac.-.ic 
ing the immediate objecitves and that the Institute is directly 
on course to achieve the long range objectives. Delays have 
stilted progress somewhat in one of the main areas, namely the 
purpese-bui1t teaching laboratory, bum it is coped that lost 
time can oe made up in the future by concentration effort: in 
this direction. Firm recommendations for the upcoming time sa
ri oo are included.



4.3.4

e c 4 L . Durbicca, PhD 
Production management - expert

dp a ft report

- S u n  7. a r y -

This project is nov.- rearing completion and the final re- »
port has already been drafted.

There were long delays in the supply of machines for tr.e 
automated transfer line, - included in the oroject but the 
line is now installed in the Institute’s laboratory. Arrange
ments have been made for the supply of materials by industry. 
Research using the line will start as soon as the fellows being 
trained to use tne machines, return from Switherland.

The Institute has developed a very close practical co
operation with Industry, covering Research, Training and Con
sultancy. Over 40% of the Institute’s income now comes directly 
from Industry.

The, Institute has already done useful research into par; 
grouping on a technological basis. It now needs to broader it's 
approach and to study the organisational approach to groups,
- developed in the UK and USA and the group production metho 
developed by behavioral scientists, - Socio-Technoionical Sytt^

The technique of "Production Flow Analysis" sholuu- hu ac 
ded to the curriculum end be usee in future researen and consul 
tancy.

The Institute should buy one or mere micro commuters , 
research and also to help accelerate the rate of computer in
troduction into Industry.
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Zelenovi C .? h D
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The trai ni nq pros ra:v.~e 

- S u m m a r y -

i ne GDjectives of tr.y personal Pel1 cwsr.h n Programme , i r, 
the Frame of Project Objectives, are stated as follows:

1} To study the methods which are er.ployed at the hr.i var
sity of Wales I.S.T. in maintaining university links 
v/ith industry with particular emphasis or. trai ni no 
courses and in-house training provided for industrial 
parti ci pants.

2) To assess the content of training courses for indust
rial participants which have to be held in future in 
Department of Industrial Systems Engineering.

3} To prepare a document cf research which has oeer. car- 
ri ed out or. flexible nrocucti on systems orocuc ti or. 
systems cased on the aooroach of groan tec-nology in 
tr.e Department of Industrial Systems Engineer!'a - 
- U o v i Sad.

The Engi neering product! on is concerned w i a h t h e o 1 n r, i r. • 
manufacturing, organizing and control of rnocucti on process.
The fiolu of i nterest ranges from the basic characteristics of
manufacturing processes to the investigation of complex no l
nai systems. The growing rate cf changes in environmental ■ 
icions and the need for obtaining higher and higher cutout 
?i cures from industrial systems ore directed toward d e s i g .
layout of flexible product ;ys oenw r . t  n : 0 r

wwee-r, Xos err i rw . a t u z : o n:





Branko Uzigurski, H Sci 
Work and time study

- S u m m a r y -

FINAL REPORT ON THE USE
OF 1.-.E FELLOWSHIP

At the Faculty of Technical Sciences, in Novi Sac, there 
will begin a new subject: Work Study. My taks is to prepare all 
conditions for that subject. By the lectures, as a imoortant 
point there are and the exercises in the laboratory. That labo
ratory will be completed in the present and the next year . My 
task, also, is to make the project and to manage the arrange
ment of that laboratory.

In relation with above I visited the Department of Mecha
nical Engineering and Engineering Production, at the University 
of Wales, Institute of Science and Technology in Cardiff, United 
Kingdom. I was a guest of Or G.G. Hitchinqs, who is a lecturer 
in the group for Industrial Engineering. Dr, G.3. Hi tenir,gs is 
the expert of UNIDO, and he is the participant in cur UNDP Pro
ject. His group, in Cardiff, has a developed subject of Work 
Study with the high level of quality.

The goal, of my training programme, was to collect neces
sary informations. Together with the tuition for students, aha 
new laboratory of Work Study will be used and for the contribu
tion with the industry and for the scientific work.

Tne training programme was very efficient in the sense 
of improving of my knowledge and make it immediately apolicable, 
in a short time. Also, I improved my English lanquspe which is 
very imoortant in this field.
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n  i j a t os i c , M $ci 
Production systems

- S u m m a r y -

FINAL REPORT ON THE USE
OF THE FELLOWSHIP

A. PROGRAM IN FR OF GERMANY from 01.09. to 15.09.1975.
The programme was made by Carl Dusberg-Gesselschaft in 

QKU-Automatik firm in Winterbach and it consisted of the fol
lowing:

- acquaintance with the work at the Construct!on and Tech 
nolcgy Department with special construction study of one in
stallation automation

- attending manufacturing of the vibration device for 
transport

- assembling automata assembly with special respect to 
mechanic and electrical installation

- documentation and operation with EDY.
The programme was very rich and useful. I have had a spe

cial interest in that kind of work because it refers to the 
production programme for manufacturing machines for automated 
assembly (that is for assembly without use of human workers), 
the production field in which Yugoslavia is highly interested.

B. PROGRAMME IN SUTHERLAND FROM 15.09.70 to 30.1 1.1978.
Programme was provided by Politique Department in Bern 

and Mr. Stutz.

3.1 Programme in MI.KR0N HAESLER-BOUfIDRY from 15.09. to 
consisted of the following:

“5 T /V

- acquaintance with the firm and the production programme
- general problems in transfer machines production and 
technology

- application of standard elements in construct!onaar.d ap
plication of Bau-.Kasten system

- work on concrete examples with preliminary project of 
transfer machines



- film projecting about product!on
- general problems
- assembly i

Most of t.‘ 
r.es production v.'i 
system (the system for standard element composition). These, 
transfer machines provide possibilities ofr manufacturing cer
tain products of:

¡e-ms *.n assembly auaom.3 da ¡iT Ju LC l> i w’:
transfer machines and assembly automata

time I spent deal ing with tbs cransfer-
e I managed to master th 3 use or uau — •!a

- watch industry
- water and heath armature
- other complicated parts.

B.2 Programme on SHI dor ETK ZURICH  ̂\i u U i

Within the programme at BetribswissenschaftIiches Insti
tut der ETH i- Zurich I attended the following courses organized 
for the specialists engaged in production in Switherland:

*. Measuring and evaluation of workers work
2. Application of network technique ir. projects
3. Investments - statistic and dynamic calculations
4. Courses for constructors
. £ ’i ng systems
. Organization of industrial systems.

o
5
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Production control

FINAL REPORT THE USE OF
THE FELLOWSHIP

- S u a r a a r y -

In the period mentioned aoove I was f o r  3? working days 
in the FASRY.KA SAKOCHODOW QS080WYCK, AL. STALINGRAOZiCA 50, 03b- 
-215 WARSZAWA, POLAND, 12 working days in "SUMAR" INDUSTRIAL 
INSTITUTE PIMAB OF CONSTRUCTION MACHINERY, ul .KQLEUQNA 57 01- 
-210 WARSZAWA, POLAND and two working days in the Ministery cf 
Informations, Warszawa, Poland.

During the period spent in the INDUSTRIAL INSTITUTE OF 
CONSTRUCTION MACHINERY "3UMAR** my mentor was MACIEU ZGORZELSKI, 
Phd Mech, ir.g, chief of the COMPUTER AIDED DESIGN AND MANUFAC- 
TR'UING DEPT-.— to whom I also owe the gratitude for cne care for 
my professional education. The visit to the Ministery of Infor
mations was for the purpose of leing informed, only.

On the basis of the training programme I have taken the 
following courses:

1. FABRYKA SAMQCHQDOW 0S0C0WYCK

Introduction to the organization of the factory, its 
history and the future development, visiting the factory, visis 
ing and introduction to the work of ZZTO (Computer centre;, 
studying the use of the computer in the designing process, stud 
yl.-.g the technological documentation, studying tie use of the 
“Small Informatics" e.g. the use of mini computers , design and 
organization of the data bases, organization of introducing she 
data, the organization of mass memory systems, ate.

1. INDUSTRIAL INSTITUTE PIMAS OF CONSTRUCT!DN MACHINERY 
"BUMAR"

'he organization and work of the Institute, the orgar.i-



r

K  -

¿U v . W * and v<*ork Institute, the configuration and orqar.v
uation of their computers, the snicrofil-aing of the designing 
infrotations and the use of computers, the system for designing 
calculations using the method of finite elements (ASKA method} , 
the system “BICEPS* for the automatic design of the control in
formations for SC machines, the comparative analysis of program
ming languages for SC machines, the systems for craphic verlo
cation, etc.
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Dus an Malbaski, SS 
Computer sciences

- S u m m a r y -

1. PRACTICAL SIZING COURSE» MODULE 1 {PS-1)

The main aim of the course was, generally, “to equip the 
course member to discover how far existing application systems 
use the potential throughput of his configuration and to optimise 
the performance of individual applications.-

The main topics of the course were: introduction to Siz
ing eg. the need for and the basic concepts of sizing, gross 
Sizing eg. the first step in the approach to sizing of every 
system, including gross sizing of processor, discs and magnetic 
tapes, description of main hardware components from the aspect 
of sizing feauturing processors, magnetic tapes and exchangable 
disc subsystems.

2. PRACTICAL SIZING COURSE, MODULE 2 (PS-2)

The aim of the course was "to equip the course me;:, 
v/ith more advanced sizing skills in particular in the areas of 
communications based systems the influence of operating systems 
and multiprogramming-, thus enabling the member of "assisting • 
in the practical sizing of multiprogramming instalations per
forming mixed workloads".

The course conssisted of the following:

- introduction and gross sizing (sane as.for PS-1)
- gross sizing of TP systems. The aim of this tonic was 
to introduce gross sizing to the TP systems thac were 
excluded from the PS-1 course. There were presented 
the specific problems of gross sizing when dealing with 
TP systems including the gross sizing of processors, 
terminals, lines and peripherals

FINAL REPORT Oü THE USE
OF THE FELLOWSHIP



- queuing theory featuring various theoretical queuing 
models and their application to the specific problems

3. TRkUinZ AT G. WIKPEY AMO CO. LTD

The main aim of this part cf the Training Programme was

- to get acquainted with the work and problems in run
ning a large computer centre

- to master the knowledge gathered at the courses PS-1 
and PS-2 attended before.
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Dragutin D. Stanivufcovic, ft Sci 
System reliability and maintenance

*  T  *. I  R ■r PORT USi
OF THE FELLOWSHIP

- S u m m a r y -

»
The benefits from the training programme can be divided 

into two groups:

- the benefits for the UNOP project
- the benefits for personal improvement.

1. The Benefits for the Project

a) The Stay in ETH Zurich

The talks with specialists for reliability and machine 
tools during the stay in ETH in Zurich provided us with a lot 
of useful suggestions related to the investigations on tr.e tra 
sfar line in the Laboratory for INDUSTRIAL SYSTEMS. The ideas 
and suggestions of Prof. E .Matties, Dean of the Department of 
Mechanical.Engineering in ETK, related to the investigations o 
the impact of the environment (electrical disturbances etc.) 
on the vfork of the line.

During the stay at ETH I have used more than 20 publica 
tions - naturally in a limited scope.

The extremely large number of journals from all over th 
world help.ed me to realize certain problems related to the 
choice of machines, establishment of the line, organizing the 
investigations and courses for students and soecialists from 
the industry.

b) The Visit to the DUA? Company in Herzogenbuhseen

The benefits derived from the visit to DUA? are consido 
rable the reason being that by studying the technology and as
sembly processes I have gathered useful informations about the



sources or. possible rai i urcs on macmnes that are manuracturec 
in DU A? (and that make a part of our line). In the factory I 
'.•.•as ren the film about the work of the line that is similar 
to our and that will be of great importance for our v.'ork with 
students and specialists from the industry.

c) The Stay at the DU3IZD Company i n  .'leuchatel

Our line contains two machines made by DU3I0Z and t;e are 
naturally interested in their behaviour•in exploitation from 
the aspect of reliability, e.g. mair.tenability, planning of 
spare parts, inspection, repair etc.

From the discussion with the chief of construction, ing. 
Schaffer, I derived important data about possible failures of 
these machines that were gathered from the observations made 
during exploitation.

Particularly important is the joint report about the 
problems in transport of the work pieces between the machines 
in the line that will be presented at the IV Yugoslav Conferen
ce about Transport Processes in Industry to be held in Belgrade 
1980. The report will be presented by four of us: Ing.Schaffer, 
Ing.Schmid, Dr. Zelenovid and myself.*/ This will be the first 
report of this kind in Yugoslavia and it wi‘11 be very interest
ing for the specialists from the industry and scientists as well.

d} The Visit to the TAREX Company in Geneve

The analysis fo the production process for machine tools 
in TAREX is not directly related to the behaviour and work of 
the machines from our transfer line, but is very important from 
the aspect of the use of existing theory and know methods and . 
technicues.

e) The Visits to Companies in Baden, Seorc Fischer in Scr.affhou- 
sen and CERU in Geneve (not included ir* UNDP programme)

f tVr,fortunately the duration of these visits v: a s not enou "

to provi do the complete knowledge about the work in areas w;* a u
are of 1m e r e s t  for the UKDP project and me, but, however f * n9 » **

*/ i h e abstract of this paper is enclosed.
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al know]2dco oath 
er development of

2c thare will be of great nolo for the 
•ns Laboratory, arc, particularly, -the

ir v e s t ■ ions in the area o' reliability.

The ir.frornati on from S3C (Or.Ari) 
about systematic investigation in this a 
nity for further progress in the use of

rea will 
the line

give coportu-

The benefits derived from the visit to the fir;.; GF will 
be manysided because GF is a manufacturer of equipment that is 
similar to ours (from the aspect of functioning) so tr.at the 
problems and solutions of buffers and transporters are of great 
importance for the further development of estaolishing lives 
in Yugoslavia.

2. The Benefits for Personal Investi natiens

According to the fact that my PhD dissertation is in a 
sense a part of the project YUG/73/005 the visits to the comna- 
nies mentioned before are of interest for the work on the dis- 
sertation. the study of the literature at ETH helped me, parti
cularly some references (the papers of Wei bull, Plait and others) 
that I did not have an opportunity to see in Yugoslavia. I have 
also had the chance to study some imoortar.t works about the 
establishment of production- lines (the works of Xoenigsberg, 
Freeman, Ropohl, Finch, Elmagraby etc.) as well as some PhD 
dissertations from the area o f  reliability and lines establish
ment .

The contacts with some 20 specialsits from fields related 
to the reliability and metal working industry have also had a 
considerable impact on the improvement of my knowledge, parti
cularly the contacts with Dr.Stravs, Prof ..Matthias and Dr. Siro- 
1 ini. The -vi'sits to factories have completed the knowledge with 
pracitcal information.

The contacts with specialists, their suggestions and ini
tiatives are important for my further work on PhD dissertation 
as well as for personal development.
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I» SYMPOSIUM USER mMSMSTfiROZESSE IK 1 ."Di'Su.I " 
tfograd, 17 - 19. /.irli "SSO.

fi. Sekmid, IF.-fi. Schaffer** 
fi. Selenoció, fi. Stanivukovid**^

die transport - u;o
sm’ss£ri:;.u

} ŵ.t»Ì * * i f

Zusammnfcssung

In c:r Artikel v/erdan die Transport - tend lecrr-probl-uvon bel Ecpiur- 
drePcstrassenbau in der Metalverarbeitungsir.dustria analisieran. In rfer 
Tell; T£OS£TISCHE GHü'iûLASE sind die Srundlago von Produktionstrzssef»- 
heu, die Pufferkapazitterung, die Prodaktionstrasseverteilung und die 
iCapaaitatalokatior. gegcben.

In zv/aiter Tell ist sin r.eues ;:ods1 fur Productions 4» I el Mt S 2 opt i ale rung 
gegeben. Die Grund der Optiariening ist die Einsteig der Efektivitat 
der Produktionstrasse durch die EinfEhrung den Puffem.

Also, die praktische ISsungen diesen Pnablecon in i&rkzeugmschinen- 
fabrik “DUSIED E. ♦ Cie. S.A." in rieuch'dtel in Schweiz warder, vers tell an. 
Die Bsispiele Sind sehr illustrative und schon, bei Dubied, hcrgestellt.

In uiskusionzett wird eln Film Cher diesen Problenen demor.striert.

*) S i v w i  Bohrrid, D i p l . - I n g .  K2Itt B o i ï ' i s b s l e i t s r

*) S a r a - R u d i  S o h a f f e r ,  I n g .  S I L ,  K c n c t r u k t i m  -  u n d  S r . t d e k r

LungcbiLfdcitcr in "Ddbied S. * d a  S .A .n,  
H c u o h d l r l .  S c ' n J s i z .

D r  D r c g u t i n  Z c l s n o v i d ,  d i p t .  i n g .

,, n ,, . .  , /FakultsD tchiiSSihId* Di'&gubin Stanivunovus, dipi, ing. n c u k a ,
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Dvagutin Zelenovi, PhD 
National project director

THE FLEXIBILITY OF PRODUCTION 
SYSTEMS* *

Abstract,

This paper is concerned with the flexibility of production 
systems. An examination is made of auditions for the es
tablishment of flexible production systems and of the possi
bilities for optimisation. The Advantages and Disadvantages 
of such systems are discussed across the broad spectrum from 
job to line production. A quantitative model is porposed for 
the selection of production processes. Consideration is given 
to the flexibility of material flow with Croup Technology. 
Different aspects of planning, monitoring and control are dis
cussed both at micro and macro levels. Finally, a Methodology 
id presented for investigating such complex dynamic systems. -

In this paper an attempt has been made to introduce the idea 
of the flexibility of production systems based on the prin- 
ôiôle of group technology.

Dynamic changes in environmental conditions require a cons
tant effort to develop production systems with higher degree 
fo flexibility in order to meet the demand fox an constant 
increase in output values such as productivity, quality ana 
profitability.

The introduction of Group Technology could be a good base 
for increasing of flexibility and output values of production 
systems. It brings many advantages and more effective approach 
based on analyses of component processing needs and then de

*) The book is an annex to this FINAL REFORT
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signing of material floe structure, voeic centers, tooling 
for group production and finally it looks forward to higher 
degre of automation of batch production. On the basis of 
carried studies it is cleat that the effective planning of 
technological development is impossible without knowing the 
characteristics of components of production programme. Ideal- 
2y technological development schould also follow nationalisa
tion of products and parts to avoid making tools which are 
not needed after rationalisation on the wag shown in fig. 14.

In a shown wag Group Technology is an usefull new philosophy 
based on t!># simplification ot material flow which can incre
ase the flexibility of production systems.

\ \
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