G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




18
1.6

Ve ~
- o

20

s
I

14

25 |p

<) =)







‘ l a{ i 6 -~ 20pY-HOLD

C } °r 2) Restricted

i . -usoslavli?.-
EXAMINATION OF CONDITION FOR
ESTABLISHING FLEXIBLE

PRODUCTION SYSTEMS _|
(optimization possibilities)

FINAL REPORT

PROJECT FINDINGS AND
RECOMMENDATIONS

(basic approach)

Report prepared for the UNDP and the Government
of Yugoslavia by

Prof. Dr Dragutin Zelenovi¢
National Project Director

United Nation Industrial Development Organization

Acting as Executive Agency
for
United Nations Development Programme

Novi Sad, 1979.




Project:

BEXAMINATION OF CONDITION TFOR FSPABLTISHING PLEXTULE
PRODUCTLON SYOS'TEMS
(optimization possibilities)

FINAL REPORT

PRCGJECT FINDINGS AND RECOMMENDATIONS
(basic approach)

Report preparod for the UIDE and the Government

of Yuqgonslavia hy

Prof.Dr Dracqutin Zelenovidé

National Project Director

United Nations Industrial Develonment Orqanization

Acting as Executive Agency

fer

United ations Development Prodaramme

Hovi Saa, 1079,




Contents

1. INTRODUCTION =——==—m—mmm—memommene e
2. FPINDINGE —==—m—mmmm oo oo

2.1 Long range obhjectives ————=—-=--=
2.2 Immediate ohjectives =~=—==—=—w--
2.3 Benefits ==m==—memmmem e c e mc e e

3. RECO MMIHUATIONS —=———mommmmmmmmem e
4. CONCLUBTONS mmmmm o mm o s e e

5. ACKNOWLERGEMENT ——---=-m==—=emo—mcae=




1, INTRODUCTION

The Project "EXAMINATION OF CONDITIONS FOR ESTARLISH-
THG FLEXTBLE PRODUCTTON SYSTEMS" investigation: .oe financed
bye
a) UHBY prorgr e
1) Self-Management Community for Vducation of Vojvodina
c) Self-Management Community for Scientifical Work of
Vojvodina

d) Faculty of Technical Scicences itself.

In the Project the theoretical (basic) and appliod
(practical) investigations in the area of establishiing flexible

procuction systems are included.

The main practically tested theoretical resulte are

given in the appendices of the basic report

The main aim of the Project is to help the dovalopmenc
of industry in Vojvodina in the way ol nrodouclbivily increas-
ing by introducing the flexible nroduction systems - lines,
in conncction with that the Laboratory feor industrial suaitems,
partially tinaaced by annp, o conbablishods The abm a0
chable the testlng of sone theoretical assumptioas and models
fixed on the hasic theoretical invastiagations and to gjve the
soluvions applicable in industry. On the other side, the
aim also is to make the hase for seminars and training courses

such as:

. labour nrocedures in mechanical engineering

N
.

material flows

lay~out desian

R &%
.

. i focviveneons and malntenance

yo prcduction cvatoms conbrol

for specialists from indusntry.




2.1 Long range objectives

The long range okjectives of the Project are:

1) To increase the quantity and improve the cualivy of

a
Project Participants and Professional Manaaers aind con-

trollers of Production Systoms. Those perconnal arve noedod

tor schools and univeusities, economic planning and develon-

ment prograrmes and the industrial sector; and

(ii) To improve industrial productivity by the develonment
and introduction of optimal production systems for
varfous situations, wontiy an job, batch and line pro-

duction,

(i) This aim Ly realdzed during the work on the Project by

the worxing team which at the begining of the work in-

cluced 'the fellowing experts from the Institute:

1. Prof.E.Cupié, Organization of pProductinn

2. Prof.Dr D.Zelenovié, Production Systems, Production
Control, Reliability-Pro3ject
Manager

3. Asist.prof.S.Radlovadki, Organization of Production,
Decision lMawving

4. D.Stanivukovié, Reliability and !aintenance

5. I.Cosié, Production Systems, Assembly Lines

6. B.Diéigurski, Work and Time Studvw

7. S.T7ankov, Operations Resoaarca, Gngineering Loconony
6. D.Malhalki, Computer Sciecncrs, Computor Programming

G WL i ov i et ol Lo by

Duiriag the worll the Followineg oo clan o o e i e s

Zoo 0 taviovid, Maceorial dandling

N e 4 R ey
3. W LLTOVLE, JTOL LT on Straionas
7 bo]

4. B.iarid, Docision Making, Engincerine Doonony

5. R.llakoincvid, Production Svsteons, VWorlk and Timo Stuas




6. R.Kamberovié, Quality Control
1. z.5i%arica, Information Systems, Computer Sciences
8. M.Simié, Production Systems

9. %.Cadjenovié, Production Systems

10. nj.Mi11é4, Laborant

Thae members of the working team from other firms were:

l. Prof.0or L.Kun, Operations Research

2. Prof.Dr B.Popovié, Quality Control

3. Asist.prof.D.Ristié¢, Organization of Production
4. Prof.Dr S.3ere¥, 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 Iave~tigations 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 knowledg: transfer
of time and work study by the apnlication of MT~1, MTM-2,
MTM-3, WORK FACTOR, MTU and other methods.

In the Laboratory the Lime norms by Lhe methods of detormined
bheforehonod Linea are oedng done, The abw o of 4 he Patreod fop
Llons ds to bhe done Lhe ratlonallzation of processen eanc ~iaijsy
in the ciane of high Aearce personnl work presence , such as

in assembling nrocesses.

Up to now some investigations are dory in industry of Voi-

vodina ¢£. TUOVMAG=O0UR YOkov" in Padka Tonola,

The programme of the courses from the areca is.as follows:




with the application of time and work study r chods

- practical application of various methods of heforehand

determined times

- influence of that actions to the production and economical

wOork 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 systems laboratory

In the Laboratory the vossibilities of flexible produc-
tion svstems cestablishment are investigated with the aim to
establishe general assumptions and dependences which could he

anplicd in industry of Vojvodina and Yugoslavia.

The investigations in such a Project are initiated by
the heterogenous procduction programmes in industry of Vojvo-
dina. The Project results showed that the investigations of
the problem were justified by the direct apnly in the nroduc-
tion processns. The fixed dependencns in production line

construccions are applied in the factory projecting such ayg

1. FPactory of valves and guides for SUS motors in
Sremska Mitrovica

2. Factory of spherial bearinas in Temerin

3. Factory of agricultural machines in Pafka Palanra

4, Factory of agricultural machines in Stara Pazova

5. Yacihine,tool and gallantry industry "INO"AGY -

£. Factory of devices for naiating ia Curua

ar

7. Tactory of wire and zteel armature in na#

s, . oo .. . L ; ) R .
Flexilzle flow line estalilishnd in the Taboratory forx

Aradauction avalkemns fives the moncibhiddiy tey inwvesd Pl et

TR B T T S B A A N I T Y I R R Y TR I I R TS S S TR BY R NS I TR RV WANTIEE in the

line cnanic the nerallzl action doing in the oneyation an




such as the parallel way of work object moving from one opera-
tion to another. It considerably enable the reducing of treat-
ment and production series of the work objects. The transport
system which is established on :he line and at the same time
cnable the arplication of another transport systems ins of th:
qreat inportance in the flow forming. So the line cnablns
Londdes the dlroot production of machine parts for 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 incustry and others can studv
the problem of reliabkility of the line, more axactly producti~-n
system. The informetions about reliabhility, failnres (tim~,
duration, reasoas, reodir costs, etc.) are automatically seopa-
rated by Kienzle'’s devices. For those invertigations the nro-
liminary courses about the application of the methods and
reliability techniques in analyvsis are organized. The coruses
about machine care treatment on the hasis of reliability are
also organized. The advantage of the courses is rapid and
effective transfer of methnds and knowledge into the nroduc-

tion systems in industry of Vojvodina.

The necessary determination buffer stocks results are
used directlv in nrojecting of automatical lines for various

procduction programmes.
3., Laboratory for productinn contraol

The invastigations in production control dencrnd on
the apnlication of differont technisues - mechanized and
sutomatized (conimitor) data nrocenssing Tor olanning and mto-
duction control. In connection with the mentioned tha nroduc-—
tion control »rojects are done on tho hanis of tha nlan of

machanized svsten for production control such as DISPO in:




1. "INOMAG" Factory in Bac¢ka Topnola

2, Factory for agricultural machines "Majevica" in
Ba&ka 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 rcader

- card puncher

- modem

- printer,

In the future this part of the Laboratory,will be con-

nectod o the Laboratory for product ton ayotems,

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

Production control training courses are intensively
oraganized espocially for probhlems which could he seen in the

factories in Vojvodina, such as:

- planning and termining control
- work sheet control
- stock control

- caomputer apnlication in production control

The DISPD systenm work 1s practically demonstrated.

~ .

Hfter those demonsitrations sceveral factorien wore interestaod

in application of the production svstem coatrol.




2.2 Tmmedlato objectiven

The immediate objactives of the Project i

(1) To change the orientation of the research activ::i... of
the Institute from its present emphases on theorctical

problems towards a more practically oriented programme.

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

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

(iv) To develoo parameters and mathematical models which will
be relevant for the solution of investment problems

generaily andé particularly for the metal working industry

in Vojvodina.

(v) To develop and test with appropriate experiments, parame-
ters and mathematical models in the field of management

of production systems,
R NI LR N PR Y RXR B B P TN BT NN B R ETTE NETREITE B RIS ITEE Y PR O P T |
tant secrvices in the rfield of management of gvstemns,

survays, studies, etc., for industry and other sectors;

(vii) To facilitate the introduction of numerically control-
led machines and computer controlled scheduled produc-
tion syastems into factoriecs by developing appvopriat e
synboms and parametors, Industerial ponadement pepsonne
do not ab present hoave oyoerienco sobbh Cheses oot panent
and systems, nor do thev have the time Lo hocoone Fnow=

ledgable bhecause of the day-to=day onrrating demandas,
In connection with the immediate cobhjectives in the
Project the following is done:
(i) At the beqining, hefore the esteblishrirent of mentioned
Laboratorias the follecwing thnorcticsl investication~

were donas

- nroductional svatens (Gevelenrent of Flow pate-
1
! rial models, informaiticna, criterions tvpe and
i . . ‘o
| nroduction flow choice
t
| |
|
| ‘ |
R |
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- small bateh pfeéuetiba; %ahéh produétion and
mags production

- production control

- work and time study

- reliability and maintenance, etc.

The iaborato:y,enibleé some theoretical models and

‘assumptions to be cheecked in practice and to be. applied in

the real production systems - see the projecte mentioned in
2.1.

(i1) Personnel numbered in 2.1 from which 17 are permanently
- engaged at the Institute (3 professors, 10 teaching as-
sistents, 4 engineers-callaharatars) and 5 outside col~

laborators represent teaehinq capaeity in modern methods
in the numbered areas.

The teaching programme at the Institute includes:
a) THE OLD ONE

T

e

No, Subjects _Semesters
, __ VIT VIIT IX
1. Computer programming 2+2
2. Logical systems and components 2+2
3. Labour procedures in mechani-
cal engineering 2+2 242
4. Tool machines 2+2 242
5. Automatical machine tool control : 242
6. Production syntoms 2+2 2+2
7. Production systems control 343
8. Quality control . 242
9. The theory of effectiveness of
systems and maintenance 242
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 mcans: lecturing (2) + training (2) weakly.




b) THE NEW ONES

.1 Department for INDUSTRIAL SYSTEMS ENGINEERING

Subije ct . Semesters
_V_VI ViI VIII _ iX

|

‘Mathematical modelling of

Jindustrial processen ' 242

Production wmeasuring 2+2

Labour procedures in .

mechanical engineering 444

Tool machines exploitaion S 4+4
Automatization of the

design processes : ' 2+2
Production Systems 4+4
.Material handling 242
Operations research ’ 2+2
Industrial dynamics : 242
Automatical machine tool :

control 4+4
Production nyntemn control 22
OQuallity contrcl 2+2
Incustrial systems organization 2+2
Industrial equipment maintenance 2+2

Number of lessons in the ‘242 242 8+8 12+12 12412
section: 4 4 16 24 24

.2 Department for INFORMATIONS SYSTEMS AND INFORMATICS

: , Semesters ,
Subject . I T e

Theory of information 242

Data collection and data 2+2

Data processing 4+4

Computer systems 4+4
Automatization of the -

dasign procosses v
Praniuedd o ayvat cmn ) dt4d

Data transfor 2+2
Operations research , ' 242
Information systems

designing 2+2
Operating systems 442
Production system control - 2+2
Quality control 2+2
Industrial systems organization 2+2
Programming languages and ‘

compiles 242
Develop. and applic. of progr.systems 242

Nuwher of 1ossons in the 242 242 12432 12412 1048
nection: 4 4 24 24 18

-




(iii) By development of capacity of the Institute - laborato-
' ries and personnel - there started troining programmes
for managars and experts in industry in Vojvodina. Cour-
scs are partly theorctical and more care is given to

the eane ntwdion,
Phe Tollowing cournes aro ordgangaed:
COURLE 12 LABOUR DPROCEDURES 1d MECHAMICAL PNGIRELRING

Part 1.' = labour procedures and control
- the basis for procedures development
- the widening of the lahour area and the selec-
tion of alternatives
- labour duration and timn cycles
~ orqonomy and work conditionn

- cana study

Part 1.2 = labour and time measurements
- the techniques for measuring time

~ cage study

Part 1.3 - interrelationships in the work process
- the motivation
- the satisfaction in the work
= case studv,
COURSE 2: TNTEGRATED MATERIAL FLOWS ANUD T LAYOUT OF THE
SYSTENN COMPONIINTS
Part 2.1 ~ the basic nrinciples of the establishment of
production systems
- the general model of material flows -~ groun
technology
- the methods and techﬁiques for the lavout of
system components

- casc studv
Part 2.2 - material handling
- stochs and wareaouason

- the transport equinaent and sioring

- ease study




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

-~ the computerized layout of work places

- case study
COURSE 3: PRODUCTION SYSTEMS CONTROL

iPart 3.1 - the control function for the production

processes

forecasting

planning
= determining dendlinen
coattol ol Plows b nysten

- case study

Part 3.2 ~ the use of computers in production control
- proaramning the planning proceduresn, control

of the production etc.

case study

Part 3.3 - the use of che production control system

the casa studvy

COURGE 43 PRFECTTVEIRGS OF SYSTENS AND 1 Cireanen

Parl ALYl - cftectivenenss of automatical lines (avallabi-
lity, reliability)

the effectiveness criteria for production

- owarational readiness

- time picture of states

maintainability

case study

Part 4.2 -~ maintainance and repairs — necrd and perspoctiver

- naintainance nrocodures

U I . e e [

Can ainn 07 (FERT AT ST e TR L O LS R S T AN

- CLOT SouLY
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svabhleing of ot Jheannoe (L ~>">t.'\JA.'l:I,|,I\|”)

- Lorvice ¢coses o oLa,
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COURSHE 9: PRODUCKTION PROCESSES ORGANITZATTION

Part 5.1 - rule of work orqanization in industrial
A SR IR H
- svstem aporoach in work processes organization
- decision making processces

- casce stuQy

pPart 5.4 = iniormation sscems in production
- conmunication processes in organization
- motivation
- organization and environment conditioas changina

- case study

Part 5.3 resources allocation principles
- ronourceen allocatisn progranmen
- rogources allocation mothods

- case study
COURSE 6: SIMULATION METHOD

Part 6.1 - the philosophy of simulation

1

simulation procedures

interactive progranming

rrandom number generators and sampling technidques

simulation langquadqges

- case study

Part 6.2

planning of simulation experiments
- the necessity to simulakee

- case study.
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(fv) Ponnlta tu connect o with thila objective Iy detaita arn
given in the Apendices 1 and 2 ol this Report (¥ LidAL Ris-
PORT and PLEXIBILITY OF PRODUZTION SYSTEMS).

(v) The testing of appropriate experimnnts, narametera e
mathematical models is still beedng oerforaed in neserad
real production systems in metal working industry in Voj-
vodina.

(vi) For the develovnment of the Laboratory for industrial svs-
tems in the framcwork of the Project the following finan-
cial means are invested:

a) Laboratory for productional systems
a.l building - workshon 20x12=240 m2,
value: cca 3.240.000 DM (cca 162.0920 uUSg).
a.2 equipment
; No Title of equipment Value of Provided
cauinmont by
brecet

[N [ SR SN I B ~-‘»’.lu~.) bied t bpel

“oubica” 5178

{Procucer: dDuuied &

Cie.S5.A. Switzerland) 83,208 Unpe
| 2. detto 88,208 Tugosle -
‘ ment
|

Y. Clroatar o e ine

"itva b o gy

(i'voduacor Forbenat,
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b) Laboratory for production control

No Title of equipment Value of Provided
eaquinment hy
Usyg .
1. DISPO-control system
(Producer: DISPO) 18,500 Yugoslav Govern-
ment
2. Couputer display-terminal
CDC~Cyber 18-05 with RO Naftagas—-Tnr-
printer, modern and card formatika,ilovi
reader 50,000 Sad
c) Labovatory for method and tinme study
Tiew TR Lo sl g b anenld Y ETTE Y | RN ARIIAN '
RNV R NRTHIRIFY B Ly ]
usy
e = —
1
. Movi Tony Sl o
i le BN=-S (oxkid) 4,100
2. Projector BOLEX 521 Yugqoslav
{Sonal) 2,700 Government
3. Automatical camera
objective (¥rrn Vario
Switar 100 DPOR) 550
4. Mddi Tong
— —— .- - J

Total: arhic 28,0160 U

o

.u/v

(vii) Laboratorvy for total machines with

i. Profi.Dr J.Rekeczkr, Tool ™
2. Prof{.Dr R.Gakalo,

LIPS -
W COLGCsS

3. J.lcdolid, Tool

Ll ”

norojov,

L » Ilj .

5. .Zeljkovié, Tool Machines

courses of NC and CIC #mhin

LiNd

clecivorntors "Hoever”™ in Subhnlic

cludo Thoy use of 10 and CHC machiine

nrojectincg, procrarming, Goc.

Mitomatical Designing

toaching rersonal

achines

xroaitation

"
Doeciqgnine

olorrr in Lthe Toactors

de he cournes in-—

s, the tochnolooy
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2.3 Benefits

Benefits of the Project are complex:

l.

the material basis for practical trainings with
students and the investigations in MSci and PhD

thesis is made

there are possibilities for practical demostraations
for students

various training courses for specialists from in-
dustry are organized

the mission of the expmerts from abroad whose help
in investigations in the Project was esnecially
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 new methods and techniques from the arca of

the mentionoed investiaationn,

Phor wmdsnton of they v b by toom by oo feea gl

nclontific institutions In Lurore, helped a lot in
their personal advanced trainina and transfer of
technology and new scientific knowledge of projec~
ting and of nmroduction system analvsis in the de-
veloped countries such as: Switzerland, West Ger-

many, Great Pritain and other.

The Institute continuously work together with J.
.. Burbidge, expert who hives lectures to the nost-
graduate students (April-iay 1980) and further in-

vestiagations,

The Institute is capahle of accentance the experts
from other countires for training in 43 objrcts of
the Project.

The Institute is rcady to agive the technical heln
to the drvelopineg conntries in:

~ aducational trainina

=~ the industrial o»jccts proijectinda

~ consulting,
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Y. The Institute estabhlished the direct business co-
operation on the basis Af the scttlement with other
related firms in the way given at the following
sheme which shows the nossibilities for more comninx
action to be carried out on arcea of industrial nro-
duction rationalization.

3. RECOMMENDATIONS

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

1) Recommendations for continuina the investioations

We think that the following investigations have to be
continued and expanded (the suggestions are the result of
trainning programmes and expert missions):

= in the investiqgation of production pyntems’ atrue-
tures in a sense of automatization of wachining and
angemblying structures of production systems in order
to decrease the cycle time in machining and assemhly

as well as work and time study investigations

- in the area of determinations of the variants of
operation performance related ot the loading, caracvite
and the latest terms for finishina; the choice of

the ontimal termination variant for the nroduction

- the use of minicomnuter as a =urnort for orcaniza-

tional tools in the area of nroduction control

= mathematical and simulation modeilina {(compuber oriosnd
ed) of production systems, particularly of automatic

lines and using the qgroun technoloay

- introducing computer nerfornance evaluation teshnicies
into couputor centers in industsr in ovder €0 niniai o

-~

consts of ecruirnment sunnly

- the transnort oroLions betweon wor nlaces
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- the investigation of the use of Computer Aided Desiqgn
(CAD/CAM technology) in metal working industry

- the flexibility of production systems structures

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

- maintainability as a function of the complexity of

technological systems

- desion adequacy and operational readyness of technical

systems
~otranster o knowledaor tnto the indastry.
2) Recommendations for further trairing ans spetialization

The further training of the project team members is
necessary in some of the scientific or industrial firms in
USA or Furone. The extend list is given in the PPINAL RLPORT.

3) ‘Recormendations for thepurchase of new equipment

- in the area of the automatization in production
srstems

A)Y aendantomatie aned antomat be vmmeml dy Tinea

LY assembly machinoes

c) the eaquinment for the work places that are erqgono-
mically formed on the principles of rational execu-
tion of overations

d) the time measuring cruipment

e) the robot for nerforming cortain operations

- in the area of production systens control

a) ninicomputer to be used torgether with DISPDY system i
the orocess of nroduction planning and nrocessing
of feadhack information

b) Zienzle card reader for ciroular diaarama and '~

cruinment for data ~ryocagsing about downkinos

-~ in thn oarea of cAD/CLY Eechnology

a) the caquinmant Yor computer aided design made by
= Tectironix
~ Calcomp
- CDC (Control Data Corporation)

o —



b) the equipment for transport and storaqge made by
Demag, BRD.

The money which we might aget form UNDP we necnd for the

purchase of numbered new equipment is cca 180.000 U33.

For the neccessery space svreading out the Institute
will ask for the help from the Yugoslav Government in amount
of cca 6.000.000 DN (cca 300.000 Us3).

4. CONCLUSIONS

Long ranqge objectives are realized completely according
to the project programme. Immediate objectives are also com-
pletely realized, cxcept for the objectives (v) and (vii) for
they are still in progress.

During the realization of the project for the neces-
sery buildingn, equipment, for the tralning teanm members and
cxperts mission the following financial resources are invested
provided by:

- UNDP cca 130,000 US@
- Yugoslav Cov-rnment
and Inatitute coca ADA,RBOK Un /
ToLnl: 560 LY U“ﬁ

—

The exnerts from UNIDO had given a significant help
4 x 1 expert/month

UIno hard supplied the Lraining nroaramme for the nro-
ject team members to receive advanced training in scientific
and industrial firms in Wales, Groot Rritain, Poland, VWest

Germany and Switzerland in amount of

5% 3 man/month

1 x 2 man /month

Total: 17 man/month

which has sianificantly contributed teo Lhe sivongthening of




the teaching capacity as well as to the increase of the level

of the skilled expiricnce which the tcam member have gained
in these firms.

We 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 Sth,1972
and has been proposed on 5th May 1972 and has been signed on
7th December 1973 by the Yugoslav Government and cn Sth 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 Objertives 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

(i1) To improve industrial productivity by the develop-
ment and introduction of optimal production systems
for various situations, mostly as job, batch and 1i-
ne production.

B. Immediate objectives

The Immediate objectives of the Project are:

(i) Te change the orientation of the research activities
of the Institute from its present emphases on theo-
retical problems towards a more practically oriented
programme,




(ii) To improve the Institutes teaching capacity in mo-
dern methods of the management of systems;™

(1ii) 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-

l _ 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 f
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 Yuqgoslav Univer-
sities. At tihe same time the total income of the Faculty of
Technical Sciences and of the Institute of Industrial systems
Ergineering 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.




2. FINDIX

tems Engi
entitled

GS

The activities of the Institute of Industrial Sys-
neering in connection with project YUG 73/005/A/01/37
“Examination of Condition for Establishing Flexible

Production System", were oriented towards fields defined in

the long
included:

which has
tioned fi

term and immediate objectives of the Project. These

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 mndels,
flow analyses, investment criteria, system structure
and the reliability of systems, in order to jet 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
been done and of results obtained in the above nen-
elds. The References and lists of results of studies

are given in the Appendices.




2.1 The layuut 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 (PRERT)
5. Sticking equipment (COLSE)
6. Projector BOLEX 521 (SONAL)
7. Mycrophone , (MICSA)
8. Additions (TELEC)
, , (ECOUT)
(SCOOP)

(SCOSU)

OSLAP)

BOBOT)

(BOBST)




.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 - Kyenzle MSA71+CMit,

The layout of the Laboratory is shown in Fig.

Fig.

The Four-Station transfer 1ine 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,




-8 -

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 » ° ‘our is based on pro-
file templates which are followed .,.:.. ;7. After turning
on the fourth station the components are ready for subsequent
heat treatment pperations 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 TIME and
DOWN TIME of the transfer line as illustrated in Fig. 3.
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Besides the basic data about UP and DOWN TIME the same 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.
3.

Terminal 18-5 connected to the computer "CYBER 171"

The equipment for data collection and processing.

Dispo 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 MSA 71/CM 11
the equipment for data processing KIENZLE-EDA.
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Accordin: 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-Cybef
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.

e e
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Fig.9 Console and printer

2.2 Investigating production systems structures
2.2.1 The structure of the 1nvestigation

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 thé tool action
composition (machining structures).

.2 Duration of the production cycle against
- varifant of the transport system
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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 difterence 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 conseodsence of the machining operations structure adopted.

When the load/cépacity 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.

i=

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 purallei 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.

flow _%‘i“ tow {1 0
1 N 1 C |

—
2 g 2 '
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pozition 1 too pozition 1 2 3

al b)

14

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-
sitfons 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, tys is:

ty =ty ¢t tip + tid»[pnits of tfm{]

giving the oportunity to determine the productivity of the machi-
ning system., The machining time is:

[ L e—
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top =t 4 tip [pnlts of t1m€]

For single flow systems

top + tps = T”_1

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

Tcr1
op * tps * T
where
Po - number of flows
Preparing time is
tip = tep * tho * top [units of time]
where
tpr ---the time for mannual placement of the jigs and
fixtures and adjustment
tpo - total time for removering and placing the work
piece
tph - idle time,
Thus, for the multiple flow machining we can write
| Tcr1 ti +tr+t +th
top = tio * tip * s 10 P PO _ PP Munjts of
P P po Po 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

i

t
t = _10

op " By [units of time]

and for Po=! (single flow machining) there will be
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top = tio A[unxts of time]

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.

’

giasp

lio

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
tio is:
t, = to1 + t°2 + ... 4 t0k . i£1 tioi [units of time]

.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.

i tioi _

a3
g‘ _ﬁ tiomcx -]
?
| tiok l
L
tio —_

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 multipositional machines in every blocks
of tools simultaneously.

3. In the continuous one-flow process (1ine), 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:

t. = (t [ﬁnits of time]

io io)max

.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.i5.

tioy

tio2

tio! tio2

tiol jj
» i k

o Sio l

10k

grasp

tio

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

Thus, the basic machining time for one operation is:

tio * (tio1)max Y (tioz)max*"‘+ (tiof)max Fooed

k
* (t50, I max f§1(t1°i)max [units of time]

The duration of the work cycle for single product is
(single position, one flow):
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TCP1 =ty * ty, [units of time]
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 MTM-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:

Ter ® Y40 * t4p

[units of time]
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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 Transpo:! Systém 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 SK1 and SK2).

FINAL PHASE

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

A1l 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:




SYM3CLS

DEFINITION

é
| OPERATION

|

e

~ The operation is defined as a

change of physical or chemical
characteristics of the material
by: machining,

}

Containea in
the nroduc-

“tion process

TRANSPORT

)

The transport is defired c5 a
transiation fo the materiel,
semi-products or final products
except when keing the part of
the operation excuted by one
worker during the operation or
the control.

Transport
or
movement

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.

Inspection,
examination

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-
‘lays 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

V

The stocking is done in the case
when tne material, semi-product

and parts enter the stock not to
be extracted without permission.

i
r

Keeping

PUSEEND [,

CONBINED
| WORK

This is used in the case when it
is recessorry to show the execu-
tion of the operation and the
technical control with one or

"more workers and one work place.
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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 - horizental
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 1ift-transportation works
that uses different kinds of crans and transports,

The transportation time for the VARIANT No.1 is:

ty =ty bttty Cunits of time]




where
tp - lifting time
tpr - transport time
to - down time.
The duration of the transport cycle is:
T, =ty (1+k) [units of time]
where
k = 0,1-0,2 - coefficient that contains delays for rest
and slowdown.
The transport time for the second variant is
ty =ty + tpr +t [units of t1m§]
where
ty - loading time !
tpr - transport time
t - down time.
o PORpR
The transportation cycle time is:
T, =ty (14k) [units of time]
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
t D d + tpr + ts + to
where

tp - loading time ts - dropping time

ty - 1ifting time ' t, - down time.

tpr - transport 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

Tc = (1,1 - 1,2)

"M
(ad

i
where
(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 tihe choice of
the transport variant given by: '

a) Transportation material ' ’

- the piece material is transported (always)
- $<100 mm and 200<1<450 mm

- large quantities

- piece weights until 10 kp.

b) Transport parhs

- 1eng€h: less than 5 m

- movement plane: horizontal
- throughput: high

- width: optional

¢) Production conditions
- normal.
d) Material flows

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

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. VARIART
is a transport system of the conveyer type.

THE CHARACTERISTICS OF THE VARIANTS

1. VARIART

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 1
who do the transportatipn.

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

ty sty bttty Cunits of time]
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where the times are taken from the technological chart for tran-
sport and have the following interpretations:

tp - loading time
tpr - transportation time
to - down time.

The duration of the cycle is

T, = t, (1+k) [units of time]
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Fig.18 The transporting scheme for the variant 1
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2. VARIANT

For the transportation of work pieces from 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 p]ace; 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

t, = tp ‘.t b, [units of time]
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where
tp - loading time

tpr - transportation time

to = down time.

The duration of the transportation cycle is:

T = t, (1+k) [units of time]

SK1
- LEGEND ¢
——— () :
- WORKER
S - BOX ‘
= CYLINDRICAL
——] SK2 =~ TRANSPORTER
-

\_/

Fig.19 The scheme of transport for the second variant
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3. VARIANT

For trdnsbortation of work pltaces 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
"< Towering down
- unloading.

Transportation time is:

t, = tp'+ tpo + tpr o+t

where
tp - loading time
tpo - lifting time
tpr - transportation time
ts - lowering time
to - unloading.

Here is not used the method of dividing transport opera-
tions into usual grasps for practical reasons because tpo and
ts are easily measured and the transportation time can be cal-
culated from

t = L/vt + tg 3

pr




where
L m =~ transportaticn distance
Ve m/s - speed of loaded forkiift
tg s - delays when starting or stopping.

Duration of the transportation cycle is:

Tc = tt(1+k) units of time

.
'
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Fig.20 Transport scheme to the third variant
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4, VARTANT

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 piece: 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 rerrical transporter (5) which lifts
them to the‘feeding mechar.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:

- leoading
- transportation
- unloading,

because they are often overlapped. The TECHNOLOGICAL CHART
FOR TRANSPORT 1is made using this principle.
Transportation time

The durations of machining operations are mainly syn-

crhonised whereby the transport ecquipment moves in tacts "t"
that are determined by the duration of the lonqgest operation.
Such Kkind of flow line is a production track of discrete charac-
ter, with the compulsory rhytm with the work transporter -

- TRANSFER LINE. |
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Duration of the transport cycle: Tcatt (1+k) wunits of time
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Fig.21 The transport scheme “or the forth variant
1-mechanical hand,2-slipping equipment,3-horizontal
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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.2.3 The methodology for the investigation of
relationships

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

- lifting time tpo

- loading time tp

- raising time td

- unloading time t,

- transportation time tpr
- lowering time ts

can be determined using the method of pre . 2termined 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. i

The total transportation time is a intermediate opera-
tional time(tmpi) and it is a component of the duration of the
production cycle (Tcp) that is influenced, apart from tmoi’ as
well by the mode of transfer of work pieces from one operation
to another. Thus,

1. For the parallel mode of transfer

Tep=Tet*Ttnoi=Etyy*t(n=1)ty  +Ztno

where
Tct - technological cycle (the sum of machinig times)
.2 For the series-parallel mode of transfer
Tcp=Tct+ztmoi=ztii+(n-1)timax+zfi+2tmoi

where

Ity - delay at the machine that is determined analytical-
1y
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.3 For the serial mode of transfer

T =T + Lt . = "'Ztii + It

cp ct moi moi

where

t‘i - the duration of the operation as explained in
chapter 1, and the data can be found in TECHNOLO-
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




- 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 Tc is equal:

P
T =T + It

cp ct moi
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
Ztmoi=2tt - transportation time in the preparation,

technological and final phases that depends
on the variant of the transport system,

The influencue 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 ‘rom the particular
TECHNOLOGICAL CHARTS FOR MACHINING AND TRANSRORT 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;ock 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 have a great impact on the decision
making in question. With regards to these decisions it 1§ pos-
sible to minimize the own costs and the costs of the line 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).




Automatical machining (production) iine 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 thera
are given various types of lines. Every machine (section) in
the line is a potential source of failures that are randon. The
causes of failures can be various. The consequences are always
the same - decrease of the effectiveness of the line.

~0000000-, |
4 ~OEQESIoEo - |
INPUT HLG G@_D,: DEV G__ I?OUTPUT
|
Er BD DE{E:J

DIRECTION OF THE FLOW

Yechna\..guccl Butfer -
D unit (machine! -t4+-t- transporter

I strongly connected - block line

11 machines and buffers alternatively
IIl erroneus allocation of buffers
IV partial parallelnes of the line

Fig.23

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

The possibility of making stocks betwecen two sections is
called BUFFER. The maximal number of units of products that can
ba put into the buffer and is called capacity. The buffer has
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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-
Timited (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 tu 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

6
6+v

kg =

that is, also, described in chapter 3.0.

4. the ratio of times IN WORK and IN FAILURE

o Pol0) - P
P 0y = P 1=

where
Po -~ time percentage IN FAILURES for the line
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PO(O) - time percentage IN FAILURE for the line
without the buffer

Po(w) - 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 - I Ti
i=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 fnterest:

1) Whether to use process stocks-buffers

Effectiveness of the buffer eg 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 1line 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. J

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 small. '

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 divisicn
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 = ' tine is
divided primary on the basis of technico-technoivyical con-
siderations.

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 ..
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




couid be negliqible. It is nocessary to anilvze some otvher
meters such as the space {area-volume necessary), trans-

ara
orters etc.
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a) OPTIMIZING AOL

.1 Theoretical considerations
Consider a line with n stations without suffer
called block-line 2.g. AOL with strong commections petwean machi-
nes.
Let Poi be a percentage of time in Tailure for the i-in
.q. the
j=th machine).

station when the machines are independent (

e
i-th machine do not cause the failure of the

The percentage of time IN FATLURE for the station tnat
works in the buffered line with limited stock decra2ases pecausec
the station will periodically enter the state FORCLD SLOWDOUW™N
(failure, for instance waiting for job). Here is assumed that
the station can not be in failure if forces to siowdown.

Yithout buffers the forces slowdown lasts until any ov
machines fails,

Divided to observaticn period 7 of tne line withcut buv-
fers into n intervals that renresent 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 Ii
WORK. The intervals IN FAILURE will be labeled by toi and in-
terval I WORK by 6=Ztri, as shown on Fig.24.

The times toi are put into a sequence just because o&°F
simplicity and do not have any implications on the sequerce of
fajlures.

. D = 45y,
to! 02 o3 ton-1 ‘on ° v
e S NS TN BN N NN B}
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Clearly, t
, oi o
o e,y 13 :
o1 _ ai
and
Ztoi + 6 =v+6 =T B

If toi is a percentage of time IN FAILURE for the i-th machine
in the line then

t . t . t .. ~
p = 0y _ 01 = 01 C
oi ) g+v n
g+ ¢ t_.
j=1 %
From the expressions A and C
" Poi
(T-P24)
P . = D
0i n P’J
IOy
i=1 0j
oré Poi
Poi = P’ £

1+(1- P IT_TT
J#l 0J

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

P’
; - 019
PL(O) L p;j F
1+{(1-P’., — S
o3 521 1Tk gy

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(w) = m?x (Péi)

If the experssions F and G are calculated for a particular line
then the difference PL(w), and PL(O) is a maximal percentage of




tha oroductivity {ocutput) incroment of the lina:

AQ = P, () - PL(O) H»
s two expressions for the effectiveneass

e
Tine with two statio - for the “"balanced" line {U1=U9)
1

ns
cnd “unbd n 11 LU, #U inerady U,=) a PRED WAy AT
unbelanced) line {U uz). wheready u, 1/u1 nd U, 2/..2
The number of narts in the buifer for the "salanced" line

with two stations is (foraula from 3C )

T TED D (e

A

where
U

[
1}
ey
(1]

2
AE - increment of the effectiveness

The expression for N is a linear function of tne ratio
h/u and can be presented as on the Fig.25.
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These results should not be surnrising. It must be exnec-
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 is twice as small as for the product

with tC =1 sec, naturally under the same line effectiveness.

p
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 SLOUWDOWN (waiting)

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

Naturally, this number of states contains also a certain
nurber of impossible states such as, for instance, "all stations
in the FORCED SLOWDOWN" but these form just a little fraction
of 3" 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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tional line, the necessary buffer capacily betwcen sections of
3-sectional line (capcble of producing the given effectiveness
increase £E), is a linear function of the ratio h/u as shown on
Fig.26.
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The same arqgument concerning linear relationships, con-
sidarsc¢ with 2-sectional hoid also for the 3-sectional line.
Ll<hough it can not be proven it seems reasonable to expect
that such (linear) ralationships should be held for the line
with n cecitons.

On thé Fig.27 there is given a comparison for the 2- and

3-sectiornal lines.
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Fig.27 The comparison of results for 2- and
3-sectional lines

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

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

For the multisectional lines without analiytical forru-
lation the linear property of the necessary buffer capacity nas
an extremely important practical significance. Therefore, t{h2
informations about the system can be obtained for every ratio
n/u from the graph of tne effectiveness increment reijated to
tne 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 n/u=50).

For instance, let h/u be known for the line and that it
is necessary to determine the effectiveness increase derived
from the buffer capacity Ni; On the Fig.26 the point (h/”i’mi)
is fixed, then the 1ine is drown from the eeggining of the co-
ordinate system tnrough that point until the intersection with
the line n/u=50. The value of N in that point is used on Fig.28.
From the Fig.28 the effectiveness increase can be read directly.

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

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

I¥f AOL is not balenced, the problems arise for dzcision
maxing which of the ouffer capacities is to be used, how G2
deternine the effect of variable sections and the mode of tne
suffer allocation bSetween sections. The approximate eitective-
ss obtained for the given total buffer capacity when optimai-




1y alacated can be detarmined by dividing tne capacity by tne
number of the average h/uy 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 technc >3y allowes to exist a good section (which
is rearly IN FAILURE) and a bad section that are situated im-
mediately ona after the other in a 3-sectional line than to al-
low them to be separated by the middle section. The maximum noS-
sible increment for the given total capacity of the buffer is
always higher for the former system.

One must always insist 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 SLOWDOUN time as much as possible.
The forced slowdown of the bad section is already a limjitting
factor in AOL because of its own FAILURE states.

Tne results of the simulation show clearly that the cor-
rect allocation of the total buffer capacity is important for
consideration.. This is particularly time for the large buffer
capacities. The erroneus allocation of large buffers can total-
1y eliminate their potential 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),

3. the main part of tne capacity should be allocated
between the bad and the average (or between two bad)
sections rather than between the good and bad ones.

[ T
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ig.29 Buffer capacity allocation between had sections

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

5. tue 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. 0On Fig.27 is seen that if chang-
‘ng from 2-sectional towards 3-sectional line the difference
in the buffer capacity required N is siqnificant only for very
hign values for the given effectiveness E, It is reasonable to
exnect the similar behaviour of the line with more tnan 3 sec-
tions. Thus, tnere can be expected proportionally biqgaqar in-
crease of the capacity required from 2-sectional *towards 3-sec-
tional 1ine than, for examnle, from 3-sectional towirds 4-snc-
tional because tne puffer linz represcnts proportionaly samiier
increase over the number of sections.




Roare is noviced the roaction oV tag ¢iTocy OV ancCreoince
ing the independconcy of sections wien they become indenancend
sec-ions and buffers. In every cas:

n o
with more and more mediun
it is nocessary to a

)

nore than 3 sections 3-sectional Tine.
.4 Further considerations of the ontimizing nroblenm
faor AQOL

~

If the line contains one bad section on &1l the othars
besically equivalent, tnere will be smaller n

mhzr of units oF
production in the increase that is provided by the nuiier cida-
city. The reason for trhis is when a bad section bzcomes reiati-
vely worse PO(O) and Po(m) and ?o(m) ternd to each cther. inis
denends on the real value of the mean time I FAILURE. The ¥or-
mulation of this effect is derived from the

dif
PO(O) and Po(m). Tne results are ahown in Fiq.30.
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Fig.30 The influence of the bad section on trne
nossible increase of the effectivenass of
the line
It is of interest to evailucte tne total evfecis oF oo

deviation.

to tne product on ali sactions.
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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 aiso
those quantities causcc by the randomness of the macinining times
for product units (from the production progranme). This increase
in influence of RANDOMNESS in the system is dangerous (harmfuﬁ)
related to the working time of the line because it decreases
the total production capacity.

I¥ the times Iid WORK and IN FAILURC have distributions
less random from the exponential it is useful to the system in
a sense of decreasing 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 orice.

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 well-designed line:

a) decreasing the overtime work
b) decreasing the batch prepnaration time

c) decreasing the inter-phase (process) stock




d) 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 cquantified.

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 AQCLE design.

In further cinsiderations there will be covered the
problems of the econcmy during the design and exploitation of
the ACLE.

.6 Effectiveness of AQOL
.1 Block line (without buffers)

The line with n stations has the mean REPAIR time for
the i~th station equal to ?o' Suppose that the working time of
this station follows geometrical distribution with the mean
1/ki. The value of A 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 '

where n, is a number of failures for the i-th station during T.

The total time IN FAILURE is




So

where
zaiToie is a total time IN FAILURE.

The effectiveness of the line is

_ 9 _ 8 _ 1
Eo = T n - n -
e+ 5 T .8 1+ % T .

If the repair times for every line are equal To=const.
then
1

E = ——— .

1+)\To

.2 The Lines with Infinite Buffers

This structure coresponds to the line whose stationsare
completely independent.

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

E= = min [E | or ing. te;{ - inferior
i

vhere
1

1+aiToi

E;

L]

whereby Toi is 3 mean repair time for the station {it is sup-
posed that it is equal for 2all stations in the line), and 1, .
is a mean time in work for the i-th station.

Clearly, the necessary effactiveness of the line belongs
to

EO < EL < Ew

and has a corresponding buffer capacities.
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P ~ . e ow A
ae Line with 2 sezciions

I¥ botn sections nave uthe sanme effectiveness trneg effec-

tiveness of the line can be expressed as

m
"

B, ¥ Plh(z) or

I n [
EL :o+.2h (z)

where P1 and P2 are the portions of T when the Tirst and second
sections are undar repair, resnectivelly, h{(z)-portion of the
time in T when the first section is under repair, but the lire
is IN WORK and n*{z) is & portion of the time T when the secd:is
station is under repnair and the first section is IN WORK.

It can be written

P1 kf?oi
h*(z) = 7, h(z) = ——A‘: h(z)
2'02

Two cases are possible:

a) the repair time distribution is GEOMZTRICAL

VT = T62 = T

—

2) To1 # Ty

5) the repair time distribution is CONSTANT

T T

01 02 0

The approximation A1-702<<1 e.q. k2T02<<1 is accent.n iz,
Cn the Fig.31 h(z) is shown as a function of r=k1/x2 when the
stations nave identical a) geometrical and b) constant distri-

butions, ?01= To?= 20 and z=40 (buffer capacity).

if Ai‘foi is not small the bufferless lina has the ef-
fectiverness smaller than 50%.

0




K}
(o

n
-
[fa}
W
-3
A2
[{7]
—
i

ztionshin tetween h(z) and r=x./x,

2= T :: =7
2=40, T01 o2 20

When A<<i and z=L+T_ then the effzciiveness

is

T
.

t
-t
(3%
-t
O N

wnen ATO<<O,5 tnen EL is consiaoranly ool

effsctiveness in the ex-ression given in paracra;

| -
L—I—-'/'.ﬂ
E - o
- ’, a =
(L?l)'(i“Z/l
0
5N - - ~ - - - -~ P T S e - - Py Z
2, ~Ir otne fise & : Lol SNETAL L LSy 3
L A : . CE-D I B - £, ! :
rooute o Tins end jdentical faliure rates vor sects
/:." Lt ,..‘_‘ Y JURY -
(5 LsT =T, aLeh=n) .
G ol 0 Z
“n s FFaesd e AT s YAt
' - < Cb-,k - ) (VN A .- i Teas [ )

-h

(@]
°3

(8]
N
(%]

¢
o



v

1

2+z, +2ZA
8]
LT 242/7 +2°a°T (2+2/7 )+x2??°z/?
‘o o} o} o o

Inversely, when ATO<<O so, E_ is siqgnificantly smai-

.

or
ler then the effectivenaess given above, e.g.

2+2/T +2°A
E = 9
boo(2ez/T (et

o)

Finally it is necessary to determine the value of hii(z)
e.g. the portion of the time when section i is uncer 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

Identical mean repair times (T°1=T°2=T°) of sections

Let us define the parameter

.
17)"-.—;_—
0
cC =
1 +r - =
0
Then
1-c%
hz) = L2l g
T=rc
or
z/7
h(z) =

2+ (z = 1)/';'o

For T_>»1 there can be uscd the exponential approxinmatio

for cZ SO




z r=-1,

1 - exp(“r F;L-{-)
r-1
+

5 r #1
1 -r exp(-T F"T)

h(z)

or

h(z) = —2L10 r o=

-

II Unidentical mean repair times for sections

The parameter ¢ is :

1 +r - 1/To

_ 2
C =T - r/Toi
Then
r-T . z r.T
h(z) = . 02 ( er c ) T 0? A1
ol 1 02 c? ol
lo1
or
n(z) = 2/Toy - To2 "Toz2 .,
WToy * Wl + (20T 42T Ty

Khen T,1>>1 and T _,>>1 then the exponential approxima-

tion for cz can be used so

o r-TO2
ol
and
1. 1 Tor * r'TOZ)
ELPYRPY) e
1 - exp(-%~($;éé))
h(z) = r z° e ré i
1-r’exp (;T(FT:T))
¢
or .,
h{z) = Z/'o r’s i




Yhen r's1 thcen 17 o= —

5) Constant distrisution of the repair time

Identical mearn repair times To,=T02=T suppose
»
2z = LT+ v £ < v < To
and L is the inteser velue 07 z/TO.
Then
PR . rL+1,,”\2
hz) = r = o T e,
-r o (i-r J(l-r )
or
\
h(z) = Lo+ ¥ ’ r=1

The measure of the effectiveness of the suffer is

. . P1(h(z) _ hiz)
D7 3 ."
B ?y + PZ 1 +r ‘ozr‘m

On the Fig.31 si shown the relaticasnip bolwaen e, anc

r when T°1=T02=20 and z=40 for distributions of the meaa raepair
time a) geometrical, b) constant
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-t

6f the repair tima. The possible values oi 2x are 0,20, 40.

time IN WORK has anproximately

n

It can be shown that th
acmeirical distribution if the distribution of the repair time
s geometrical. The time IN WGRK has also geometrical distribu-
tion if tne repair time has a constant distribution and large
z/To (larger than 10), because the coefficient of variation of
the distribution of the time IN WORK is less than 1 when z/TO

is small,

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

™
"

L= Eo * Pinya(z425) + Py ohosi(zy,2,)

™
"

L = Eo * Pyhga(z9s2p)% Pahgp(z4,25)
L -'Eo + P2h21(21.22)+P3h31(z1,22)

m™m
|

where

Eo - effectiveness of the block-line

P1,P2,P

hij(z1,22) - portion of the time when the section 1 is
under repair and j IN UHORK

3 " portioas of the section repair tine

2i42, - buffer capacities

The values hij(z1’22) can not be determined quickly except
when the distributions of the repair times are identical and
constant. In that case if 21/T01=M and zz/T02=V where M, are
integers hij(z1,zz) can be calculated by solving (M+1)(N+1)
equations.

.4 Three-Sectional Line as a Two-Sectional

Effectiveness of the 3-sectional iine can be ohtainad
from the result for Z2-cectional if 2-sectional line has a re-
pair time distribution different from the geomatrical and if
the distributions are identical for sections.




Three-sectional line can be considered as a 2-sectional
in two ways: ’

1. Line divided into two sections at the first stock-
~buffer ,

2. Line divided at the second buffer.

1f the main times IN WORK for stations are 1/&1.t[kz.
!I13 and if the line is divided at the first buffer, the first

: -} ¢
'section has a failure rate l‘. and the second {12+13§1 “32(22)'

where h32(22) is a portion of the repair time for the third
station when the second station works (it is supposed that it
depends only on zz). Then

hiz(zi) = h(zt.r‘) where

Ay

Ty

and h(z1.rt) is h(z) for 2-sectional line.

It is similar when the Tine is divided into two sections
at the second buffer - the failure rate for the first section is
{12+11[1-h12(21)[} and the second 15, SO

h32(zz) = h(zz.rz) where

L dh ez
2 X
3

Thus, we have two equations that can be solved by the
iteretive procedure. We suppose the initial value of h12 and
place it into r, in order to solve for h32 etc. The convergence
is rapid.

For the solutions obtained the effectiveness of the line
can be expressed as
EL = Eg * Pynyplzg)+Pshsy(2,)
EL = Eg * Pybya(zy)elPylt=hyp(2y)[+Py3h,5(2,)
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EL = E° + i?2+93§1-h32(zz)§}h21{21}+93h32(:2)

vhare

h (2] - nyp(2y) I S L TG 34

21'71 ry 1 3\1 ’
- -l - ¥

23(22) = —F— 2 T3

The effectiveness cf_the buffer is:
7 ; '
Ahiplzg) + Agng,(2,)

e =
B 11+k2513

On the Fig.36 is shown the relationship between eg and
13/12 and X/, for 21=22'4° and TUisTostoszo.

It can be seen that ey is not sensible to the variations |
of x3/A2 and Allxz near optimal values of these ratios.

By the use of apnproximate methods it can be »roved that
for the maximal effectiveness of the buffer the total capacity
of the buffer z must be divided into two buffers ztszzsz/Z. and
the line must be divided into sections such that ki'*3 and
A2-11-h whereby hsh{z/2) for the two-station line when rst,

Fig.36 Relationshin betwcen € and Azlxz and x3/A2 for the
3-station line with 213Z2=¢0 and To$='02'7a=20




When the 1ing is divided in such way the ratios e and r, are
equal, '

It is possible to increase the value by the use of ap-
proximate pfocedures.'that must be smaller of 3, and ka for the
macimal 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

e = 2h
8 h+Z °

On the Fig.33 there is shown the value of e, as a func-

“tion of z/To for the optimally divided line, and when the dis-

tributions of the repair time are a) geomebrical and b) conmstant.

.5 The Line with more than 3 stations

The effectiveness of the line can be determined by gene-
ralizing the approximate procedure from d). The line with n sta-
tions can be-divided into two sections on (N-1) ways according
to the division at every buffer. It is assumed that all statfons
in the line have the identical distributions of the repair time.

We will use the following notation:

Ak - failure rate of k-th station

A; - fajlure rate of k-th station caused by its own
faflures or failures caused by 1,2,...,(k~1)-th
station

Az -~ fajlure rate of c¢cne k-th station caused by failurcs
of k, (k+1)...n=th station
- portion of the downtime of the k-th station
caused by the own failure or the failure of 1,2,
cees{k=1)-th station, the (k+1)~-th statifon he-
ing IN WORK
hk+1,k ~ portion of the downtime of the (k+1)-th station
ceused by its own faflure or the failure of
(k+2),(k+3)... n=th station the k-th station
being IN WORK

hk.k+1
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- capacity of the k-th buffar between k-th and
(k+1)-th station.

2y

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

Ry ket = BLZET) b <k<N-d
Btk = B{ZTE) 1<k <l
and o
A
rk - k+1
k
X’
, Mk 1
r.-—“—t-_
ko Apar T

where

li = lk + x£_1(1-hk_1'k) 1 < k < K-t

1 ¢ k « N=1

>t

; = Ak + 1“+1(1 k+t.k)
A=Ay g =y

We have here 2(N-1) equations that have to be solved for
»

The effectiveness of the 1ine is now

EL = E + P’ 1”» 1.0 E +P

hyp*[Pi(1=h,)+P,1h

1 23*

+}P1+(1-h12)(1-hé3)+P2(1-h23)+P3[h34+...

- 1f we replace dk,k+1 . (1'hk.k+1) then

E s E + I P P d

1.1 12 23'.'d“'1,l\ P ¢

2923%34%Cxnaq, 50

“Pue1%-1,8"Py




THE OPTIMAL DIVISION CF THE LIRE INTO SECTION

It can be shown that for the maximal effectiveness of
the buffer the total capacity given can be spread across (ﬂ-t)
buffers so that every buffer has the capacity z/(N-1) and that
the line is divided into sections thus that A=Ay Ap=hgeccess
=Ay.1=r¢h where

P = h{z(N-1}) for r o= ;1112

Khen thé line §s divided the effectiveness of the buffer
is

ea..(.&*_i}ﬁ__
| (N-2)h+2

that, when the sections have identical constant distributions
of the repair time and z/(n-1)t°-L and z/t =M as integers, equal
i e, = i !
S T ) +“E
N-T
When the sections have identical geometrical distribu-
tions of the repair time and'z/Tbcﬁ than

e =
B MN _"
LEa]

On the Fig.37 s given a relatfonship 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 ey (as a function of M) is reached
when MsN-1, e.g. when every buffer has the capacity at least
equal to the mean repair time of sections.

e e A
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Fig.37 Relationship between éa(u) and eB(sz/To) for
geometrical and constant repair time

b) HMethodol gy of the investigations of the effectiveness

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

Phase I: DATA COLLECTION

:

Data-logger KIENZLE MSA71+CM 11 4s used for the c¢ata col-

Tection about 00N 71T "2tz collection is automatised
using cards-circular aiagrams as shown on Fig.38.

The Kienzle eduipment is 9~channel and it can regisire
nine different kinds of down times.

The records on cards are, by the use of a card rezder,
converted to a digital values giving the basis Tor TIME PICTU-

RES. Naturally, before the beqining of down times registration
is 15 necessary (based on the past datc) to make a iist of nos~

sible faijures,. \

L]







The hypotheses &boui the distrihuticns 2{t;,7[t}),A(t)
+) are tested z~d determined giving ihe base Tor the
s

analysis of the line bahaviour e.g. its effectivenes
?hase IIl: ANALYSIS AND QPTIMIZATION

The effectiveness of tne transfer-line can be deterained
according to the given expression giving, 2lso, the ca&sis and

directions for further development.
Apart from the data mentioned above there z2re registered
the dzta about working conditions and the environment sucn &s

- cutting sneed (r
- displacenment

pm

- cutting depth

- materila

- pressure, humidity and temperature of the
environment

- voltage variations

- pressure variations in the installaticn witih tne
comprimed air etec.

In the document SYSTEM BEHAVIOUR CHART are given all the
relevant input data about the functicning » system during
the period given.

.2 Lectures for undergraduate and gracduate students

In the Laboratory for production systems for the students
of mechanical engineering ere partially performed the experinants
describen in part .1 Fundamental research as a part of the sub-
ject Effectiveness of technical systems.

The undergraducte ievel studen®s during the cocurse ar2
cbliged toc execute projects and are invoived during their ¢
projects in the fundamental investigations under the le2d ¢f the
memaers of Ins;itute.

The graduatzsd studentis, as well, throush tha course zifec-
tiveness of tecnnical systems are sHliced to submit a seminarial
vork azout investigating the line &s well as IS theses tnat is
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of soecial interest o the candidate and Institute,

For tne needs of lecturing process the Institute is sup-
slied with two fiims about the functioning of the line:
- without buffers (as installed in the Laboratory) .
- with buffers, as we want to installe in the future
based on the bases of the results of the investigation
in the chapter 1.

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

.3 Coruses for specialists from the industiry

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 MAINTENANC

Part 4.1

effectiveness of automatical lines [evail-

ability, reliability)

- the effectiveness criteria for production
systenms

- operational readiness

- time picture of states

- maintainability

- case study

Part 4.2

maintcinance and repairs - need and ner-
spectives

- maintainance procedures

- the use of the maintainance policy

- case study

- problems of maintenance (maintainability)
- service costs etc.

The courses are tc se neld periodically and will last
2-3 days with the aim to train the specialists for the analysis
ecnd 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-
tems - EFTES" in Novi Sad, On the next, III symposium (1381)
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-
tem., Sased 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..

Tne 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" 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 iniéfder to execute all the calculations connected to
the plannfﬁé. This activity is strongly conrected to the acti-
vity “Sciéﬂiif%c 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
following,conditions:

- mannual information processing

G

- information processing using the orgunizational equip-
ment (Dispo, Georga, Optiplan, IMAX etc.)
- use” of the computer.

The eﬁu%pment for data collection will be used for the
following: i

- 96f£ﬁe diagramatic plate situateq on the equipment
KIENZLE MSA 71/CM11 that is directly connected to the
machine 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.

Thrdugh the anaIysis'of this data using KIENZLE EDA equio-
ment the following can be obtained

- straightforward infromation

- basis for the enalysis of technical and orqaniza-
tional buttlenecks

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

- information necessary for the flow control
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- the data for comparison of planned and real values
- utilization coefficients for machines

- exploitation costs

- bases for various calculations

- dats for various statistical calculations.

:

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 reliadili-
ty.

2. Lecturing

The terminal subsystem will be used 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 "lNaftagas" will develop software packages for the produc-
tici control in “Saftagas” as well as on adaptina the existing
applications for the use at both organizations.

Finally, t»e programmes developed as a part of the acti-
vity N0.3 will be used for the direct transfer of knowledqe
between the Institute and "Naftagas” and other organizations

interested.
Apart from this there will be organized the following

course.

COURSE 6: SIMULATION METHOD

the philosophy of simulation ,

- simulation procedures

- interactive proqramming

- random number generators and sampling
techniques

- simulation languages

- case study

Part 6.1

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.0. 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):




- in tha 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 produciion

- 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 technigues
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 functisn 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 speciaiization

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

a) IPA {Institute fir Produktion und Automatisierung
den Produktionssystemen) - Stutgart - BOR

b) TU (Technische Universitdt in Dresden) - DDR

c) BWI (Betriebswissenschaftliiches Institut der ETH)
in Zirich, Schweiz

d) BOSCH FA. in Stutgart, BRD

e) OKU-Automatik, Winterbach, BRD

f) Georg Fischer A.G., Schaffhausen, Schweiz
g) Mikron-Hisler, Boudry, Schweiz

n) Lanco-Economic, Belach, Schweiz

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

a) MIT (Massachusets Institute of Technology) in USA
b) IMB - International Bussines Machine CO.
¢) 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) ICL Ltd., UK
b) I8BM, GB or USA
¢) 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
- Tek
- ¢n¢

- in th
a) in

3) Reco
- in

sy

a)

b)

c)

,TH - AACHEN, BDR
tronix, USA

- Control Data Corporation

e field of performance evaluation
ICL or IBM firms inUK and/or USA

the use of processes computers in the production
control

UNIVAC, USA
ChC - 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 storagqe
equipment in Fa. Demag, BRD

mmendations for the purchase of new equipment

the area of the automatization in production
stens

semiatuomatic and automatic assembly lines
assembly machines

the equipment for the work places that are
ergonomically formed on the principles of rational
execution of operations

the time measuring equipment

the robot for performing certain operations

the area of production systems control

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




b)

in

2)

b)

Xienzle card reader for circular ¢izgrams and
the equipment for data processing about down-
tinmes

the area of CAD

the equipment for computer aided design made dy

- Tectronix
- Calcomp
- CDC (Control Data Corporation)

the equipnent for transprot and storage made by
Demag, BRD.
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ORAFT INTEIRMEDIATI REPGRT - 1975.

Altnough successful in areas invoiving theoretical work
bcth in teaching and rescarch, the Institute of the Schoo'l of
mecnanical Engineering of the University of Novi Sad desires tc
changa its direction toward & more bractically oriented oroqrin-
ne serving thq 5est interest of both industry and tne Universicy.
Wways are suggested as to the most offective way of achieving this
goal. At root, funcamental changes may be necessary in restruc-
turing existing dinloma courses such that an element of co-gne-
retive 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 specialist
training courses for managers brings about much Case Study mate-
rizal Seneficial to both industry and the University. Purncsa
buiit-laboratories already planned can ennhance the contributicn
of the Institute to0 some of industries real problems. lew eguin-
nent for the efficient collection and collation of industriz!
cata will prove of vital use in practical research. Survevs can
indicate to the Institute useful directions for anplying their
researcn and teaching effort. Development of readily available

computer programmes involving heuristic and simulaticn nrocedu-
ras can inmediately contribute %o solving specific industrial
problems. Such re-orientation will both in the short and iong
terms prove of mutual benefit to both parties.




During the stay at the Faculty of technica’i sciences,
g b

University of Nevi Sad {dean of the Fakulty, professor 3. Zele-
novic) I have 2 number of lectures and accemnlished scientidfic
coasultations concerning a2 set of questions concarning tha thaory

and the practice of the reliability of the technoloaical machi-

nes and their systems, as well the applications in ihe area of !

exploitation and the design. |

The new problems are opened and among them is one of trne
most important the provisiorn of the nigh reliadility of the
machine, especiaily the automate and the automatic lines. The
Tow values of the reliabiiity decrease the production and in-
crease the quantity of the labour spent on the service,

Therefore, the modern machines must be designed in such
¢ manner that tne celculation includs not only the moticn ang
sirengtn o7 the elements, but also the nich relictili<ty., The im-
portent task of the modern machine science are the cevelsn
of the methodology of calculation and production according ¢
the reliability and productivity criteria and the economic

Tectiveness., Therefore in many countries tne basic develonn

of tre investigation of the machine and systems rcliability
found its place in the lectures for students and graduatec siu-
dents, on a number of conferences and simpésiums as well as the
scientific literature.

it i¢ necessary to develos the internaticna’ r2laticonz.izs,

i

irciuding Jit, concerninn the cuestions mentioned a2saove, that s
tn2 intercrange of idecs and extending the aroaressive scientific
netnocciogy.
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Tne long range chjoziives 67 the depariment of
a7 Systems, Institute of the School of recchenical Engineering,
University of Novi Sad, Yugoslavia are to incrcase tne quantigy
and improve the quality of project narticipants, professional
managers and controlies of production system. Linked with this

prime objecitve is the need to improve productivity in facust-
rial and other sectors oF the country’s economy by using modern

systens of industrial optimizetion with specific conciderzstion

t0 the more extensive use of batch and line netnods ¢f nrocuce

tion. These long range ains are being met in 5r c

echieving stated immediate o5jactive. This report covers ine
n

period 1975-1977 and records the progress whic
in achieving these immediate objectives and the exte

(5
(@}
[«

it is possible to realize the long range objective
are drawn with a report which covered the period 1973-1975. In-
dications are that satisfactory progress has been made in

ing the immediate objecitves and thnat the Institule is directly
on course to achieve the long range objectives., Delays have
stilted progress somewnz®t in one of the main areas, namely 172
surpese-built teaching laboratory, but it is noped trhat loct
time can oe made up in tne future by concentrating afisric in

this direction., Firm recommencations for the uncoming time o2-
risg are included,
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This project is now nearing completion 2na the Finel re-
port has alreidy been draftied.

There were iong delays in the suppiy of machkiaes for tre
automated transfer 'ine, - included in the nroject -, but the

line is now instalied in the Institute’s laboratory. Arrange-
ments nave been made for the sunply of materials by industry.
Research using the line will start as soon as the fellows being
trained to use the machines, return Trocm Switherland.

Y
- |
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The Institutc has develoned & very close pracii

(@]
o}

ration with Industry, covering Researcn, Training and C
ir

e
sultancy. Over 40% of the Instituce’s income now comes directiy
)

o
n Industry.

The Ipstitute has already done useful research inio par:s
greuping on a technological basis. It now needs to broader i:’s
approach and to study the organisational approacn to groups,

- ceveloped in the UK and USA -, and the group nsrocduction methods
cevelJoped by behavioral scientists, - Socio-Technolonical Sviicuns.

The technique of "Production Flow Analy.is" snholui- oo &c-
dzd to the curriculum and de used in future researcnh ard consui-
n

Tre Institute s o]
research &nd also t0 nelp accelerate the rate of consuter ia-
trocuction into Industry.
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ne training nrogranm

cojectives of my sarsonzl Follcwsnis Prosrimne, in
of Project Objectivas, are stated as folicws:
Toyed ot thz oUniy

To study the methods wnich ere en:
I

sity of Wales

(%]

with industry with sarticular emshasis on trzininc
courses and in-house training nrovidec for incusirs

particinants.
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To assess the coatent of training courses for

<
ial sarticipants which nave to be held In Future i

epartment of Industrial Systems Enainceriac.
70 prepare a cocunent ¢f rasearca wnicn nas neocaoca
ried out on flexible arocducticn systems nrocuctiasn
systems tased on the zoporcach of sroua taz-nolony 3
tne DJepertment of Incustrizl Systerms Zngircering -
- Novi Sad,

Enginearing arcduction is concerned wiza the nlonn
ing, organizing and contr uction process.

(6]
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ng processzs ©To0 the invesiigation of cimnlax inous
stems. The orowing rate ¢F chongas ia eavirsrmontul con
¢ the need for oditezining nigher and hizhzr ocutout
from fndustrial systems ovz Cirectad Sowars Zacian
filexiblie nroduction cystaoms ond to or2 €052 vrilat
coen Resedrcen Institutiocns and Irduntev
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Branko uiigdrski, M Sci
Hork and time study

FINAL REPOGRT ON THE USE
0F 1.:E FELLOWSHIP

~Summary-®-

At the Faculty of Technical Sciences, in Movi Sad, there
will begin a new subject: Work Study. My taks is ito prepare 211
conditions for that subject. By the lectures, as a important
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 lecha-
nical Engineering and Engineering Production, &t the Univefsity
of Wales, Institute of Science and Technology in Cardiff, Unizted
Kingdom. I was a quest of Dr G.G. Hitchings, who is a lecturer
in the group for Industrial Engineering. Dr., G.53. Hitchirngs is
the expert of UNIDO, and he is the participant in cur UNDP Pro-
Ject. His group, in Cardiff, has a developed subject of Hork
Study with the high level of quality.

The goal, of my training programme, was to collect ncces-
sary informations., Together with the tuition for students, the
new laboratory of Work Study will be used and for the centribu-
ticn with the industry and for the scientific work.

Tne training programme was very afficient in the sense
of improving of my knowledge and make it immediately apoliczzsie,
in a short time. Also, I improved my Enqglish lanaquise which is
very fmcortant in this field.
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roduction syStems
rINAL REPORT 0N THE USz

'
GF THE FELLOUWSHIP

~Summary-=-

A. PROGRAM IN FR OF GERMAXY From 01.09, to 13.00.1375&.

" The programme was made by Carl Dusberq-Gessels
OKU-Automatik Tirm in Winterbach and it consisted of the fol-
lowing:

- acquaintance with the work at the Construction and Tech-
nolcgy Department with specxal construccion study of one in-
stallation automation

- attending manufacturing of the vibration device for
transport

- assembling automzta assembly with spacia
mechanic and electrical installation

- documentation &nd operation with EDV.

respect %o

-
o]
(&)
o
]

Tae programme was very rich and useful. [ hzve
cial interest in that kind of work because it refers to
production programme for manufacturing machines for auton
assembly (that is for assembly without use of human worke
the production field in which Yugoslavia is highly intere
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B. PROGRAMME IN SWITHERLAND FROM 15.09.785 to 30.11.1978.
Programme was provided by Politique Denartment in Bern
nd Mr. Stutz.

~

(03]
-
-

Programme in MIKRON HAZSLIR=-BOUNDRY from 15.00. to 236.00.7571.

consisted of the following:

- acquaintance with the firm and the orocduction ~rosra-me

- general orodblems in transfer machines nrocduciion and
technoloqy

- application of stundard elemcnts in construciionasnd an-
nlication of Bzu-Kasten svsten

- work on concrete exanples with srelininary nrojoct of
transfer machines




PR

L]
-4y

ilm projecting adsut pr::uctisn
- general probisms Tn &s

el ‘I auULomatTi procuction
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- assembly of transier machines and assembly zutomata.
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dost of the
nes procduction where I menaged to mss e g
system {the systcm for standard elcment composition), Thes=.
transfer machines provide possibiliti
tain products of: '
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- watch industry
- water and heat atur
- other compiiczted paris.

B.2 Programme on BVI dor ZTH ZURICH Trom 071,10, 5 30.11.1278

ithin the programme at Betribswissenschaftlicihes Insti-
tut der ETH i~ Zirich I attended the following courses organiz
for the specialists engaged in production in Switherland:

L]

1. 4deasuring and‘evaluation of workers worx
Application of network technique in projocts
Investments - statistic and dynamic calculatiors
Courzzes for constructors

W N
* ®

z “iar systems

Organization of industrial systenms.




4.2.3
iile-~22 Ustié, 3.S.
Production control
L]
FINAL REAQRIT ON THE USE oF
THE FELLOWSHIP
~-Sunmnmnmary-
In the paricd menti I

ned aoove I was Toer 32 worxing dzv
in the FABRYXA SARQOCHOCOU OSOBCHYCH, AL. STALINGRADIKL 4,
=215 WARSZAWA, POLAND, 12 working days in “"BUMAR®™ I.DUSTRIAL
INSVITUTE PIMAB OF CONSTRUCTION MACHINERY, ul.KOLEJOUA 57 01-
210 HARSZAHA. POLAND and two working days irn the Ministery c¢f
Informations, Warszawa, Poland. ’

X%
O

<
[w)

During the period ssent in the INBUSTRIAL INSTITUTE OF
CORSTRUCTION MACHINERY "ZUNAR® =y mentor wa

Phd Fech, ing, chie? of the CIMPUTER AID

TRULLG DEPT—to whom [ also owe the gratituds for tne care 7or

ry professional education. The visit %o *he Ministery 6f Infsor-
mations was for the purpose of leing informezd, only.

On the basis of the trzining programme ! nave texen the
following courses:

1. FABRYKA SAMOCHODOW 0SOIoWYCH

Introduction to %*he organization of the fac
history and the future development, visiting tha ¥

ing and introduction to the woark of ZITO (Computar
stucying the use of the computer in the <osianing oroces

ving the technologicil documentaticn, studying tae uce of tne

“Small Informatics” e.q. the use o0f =ini cempute~s, cecina 2angd
organization of the data bases, organization of intiroducing thns
data, the organizection ¢f mass memory systems, g:ic.

T. DNDUSTRIAL INSTITUTE PIMASZ OF CONSTRUCTICON 1ACHILIRY

“BUMAR™

The organization and work of the Institute, the organi-
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Jusan “Malbaski, BS
Computer sciences
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= Suamsmary-

1. PRACTICAL SIZING COURSE, HMODULE 1 [PS-1)

The main aim of the course was, generally, "to equip th=
course member to discover how far existing application system
use the potential throughput of his coenfiquration and to optimise
the periormance of incividual applications.*®

The main topics of the course were: introduction to Siz- i
ing eg. the need for and the basic concepts of sizing, qgross 5
Sizing eg. the first step in the approach te sizing of every
system, including gross sizing of procassor, discs and magnetic
tapes, description of main hardware ccaponents from the aspect
of sizing feauturing processors, magnetic tapes and exchangabic
disc subsystems. -

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

The aim of the course was *to equip the course mer.
with more advanced sizing skills in particular in the areas of
communications based systems the influencs ¢f operating systiems
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:

2 Catd
me az.Tor PS-10

- introduction end gross sizing [sa

= 6ross sizing of TP systems. The aim of £his tonic was
to introduce gross sizing to thae TP svstems thaio uere

excluded from the PS-1 course., There were prescnted

the specific problems of gross sizing wnhen dealing with

TP systems including the gross sizing of processors,

termninals, lines and peripnerals

e e me s

S,




- queuing theory feziuring various theoretical gueuing
models and their applicetion to the specific prodlems.

3. TRAINING AT G. WIMPZY AND CO. LTD

The main aim of this part ¢f the Treining Programme was:

- to cet acquainted with the work anc problems in run-

ning a lerge compuler centre
- to master the knowledge gathered at the courses #S-1%

and PS-2 attended before.




Sracutin DB. Staaivukovidé, it Sci

ility end zeintenance

Trma: monAsme TouT g
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OF THE FELLOWSHIP

~-Summary-

The benefits from the training progremme can be divided
ints two groups:

- the benefits for the UNIP proje
= the benefits for personal improvement.

1. The Benefits for the Project

a) The Stay in ETH Zirich

_;
ps }
L5

lot
of useful suggestions related o tha investigations on tae iran-
sfer line in the Laboratory for INDUSTRIAL SYSTEIMS. The idezs
and suggestions of Prof.E.Mattias, Dean of the lenartimant of
Mechanical Engineering in ETH, related to the investigations of
the impact of the environment (electrical distrurbances etc.;
on the work of the line. ‘

The talks with speciaiists for reliability and mach
tools during the stay in ETH in Zirich provided us with 2

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

The extremely large number of journals from 21l over the
world helped me to realize certain problems related %o the
choice of machines, estebiishment of the line, organizing the
investigations anc courses for students and soecialists from
the industry.

o) Tne Visit to the DUAP Company in Herzegenbuhscen

-,
1
L]

he senefits derived from the visit to DUA? are conside
rable the reason being that by studying the technology and as-
scmbly processes | nave gathered usetul informations about the

—



in ZUA? (and thot meke @ part of our line). In the faciory ©
zs Tiven the Film about i work of the line that is gimilar
15 our and that will be o9f crezt importance Tor ocur work with
studants and specicaiists from the industry.

) The Stay et thz DU3IZ3 Lompany ia Nguchate)
Qur line contains twd maciines mada by DUBICI and we are
naturally interested ir their dehaviour in exdloitation fron
aint

at
intenability, sianning of

(3]
<t

From the discussion with the chief of consty

on,

-$
]

"J ‘.
Schaffer, I derived important data about possibie failures o
these machines that were gatherad from the observaticons made
during explioitation.

Barticularly important is the joint report ahout the

problems in transport of the work sisces between the machines
in tha line that will bz presentad at the IV Yugoslav Conferen-
ce about Transport Processes in Industry to be neld in Belsrade

1980. The report will be presented by four of us: Ing.Schaffer,
Ing.Schmid, Or. Zelenovié and myself.*/ This wiil be the first

renort of this kind in Yugoslavia and it will be very interest-

-

ing for the specialists from the industry and scientists as weill

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 imnortant fron
the aspect of the use of existing theory and know methods and |
technniques.

e} The Visits to Conpanies in Bcden, CGeore Fiscner in Scrnatiaou-
sen and CERN in Genave [rot dncluded 1n UNDP nrogramwe;
Unfortunately the duration of these vicits was not &nou”
to providd the complate knowledge about the work in areas that
are of interest for the UNDP project and me, but, however, tha

*/ The abstract of this paper is encloscd.
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nartial lnowlecsa agatheraed there will be of great hcls Tor the
Turcher developnent of the waboratory, and, particutzrivy, the
Trtestisitions in thz ares of reiiadsility.

The infromatica from IZ3C (Dr.Ari} and CIRN /I-.Schore)
350ut systematic investigation in this area wiii give osportu-
nity tor further orogress in the use of the line.

The benefits derivad Trom tha vicii 23 =ne Tirn C2F i

be menysided because GF is a manufacturer of ecquinment that is
similar to ours (from the zspect of functioning) so tnzt the

asroblems and solutions of buffers and transporters are of great
importance for the further development of estanlishing lives
in Yugoslavia.

2. The Benefits for Personel Investizziicn:

According to tna fact thzt =y PrD digsertation 15 in &
sense & part of the project YUG/73/035 the visits 10 tha comaz-
nies mentioned bevore are of interest for the work on the dis-

e literature a2t ETH helped ne, parci-
he napers of Heijbull, Plai: and othe
that I did not have an cpportunity t¢ see <n VYusosiavia. [ nave

sertation. The study of th
cularly scme references [t

e1so had the chance to study some important works abous the
establishment of productioa Tines {the works of XKoenigsbharg,
Freemen, Ropohl, Finch, Elmagraby etc.) as well as some PhD
dissertations from the area of relfabiiity and lines establish-
ment,

The contacts witl some 20 specialsits from fields ralai:
to the reliability and metal working industry have 2lso nad =
considerable impact on the improvement of my knowledqe, narti-
culariy the contacts with Dr.Stravs, Prof.Matthias and 2r. Ziro
Tini, The-visits to factories have completed tne knowledga with
sracitcal information,

The contacts with specialists, their sugocstions and a4

¢ciatives are important for my further work on PhD dissertation
as well as for personai deveiopment.
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In zeoiter Teil ist ofn noues odel fir Produltionstrassaoptimicriag
cecaben, Die Grund dar Optimferung {5t die Einsteig der Efektivitic
der Produktionstrasse durch die Einflhrung den Puffern.

“Alsa, di:c praktische LBsungen diesca Problerea 4n Merkzcusmischinan-
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4,6 Abstract of tne book
FLEXIBILITY OF PRO~-
DUCTION SYSTEINS




Sragutin Zelernovt, PaD

Jational projeet direcior

T4E FLEXIGILITY OF PRODUCTION
f
SYsrEus ’

Abstract,

This paper is concerned with the flexibility of production
systemns. An examination is made of conditions for the es~
tablishment of flexible production systems and of the possi~
bilities for optimisation. The Advantiges 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 Group Technology.
Different aspects of planning, monitoring and control are dis-
cussed both at micro and wmacro levels. Finally, a Hethodology

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-
¢icdle of group technology.

Dynamic changes in environmental conditions reguire a cons-
tant effort to develop production systems with higher degree
fo flexibility in order to mect the demand for an constant
increase in output valucs 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 componont processing needs and then de-~

*) The book 18 an annux to thia FIVAL REPORT.
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signing of material flow structure, woek centers, tooling

for ~gumup 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
ciiaracteristics of components of production programme. Ideal~
ly techinological development schould also follow nationaliza~
tion of products and parts to avoid making tools which are
not needed after rationalization on the way shown in Pig. 14.

In a shown way Group Technology is an usefull new philosophy
based on the simplification of material flow which can incre-
ase the flexibility of production systems.
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