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Abstract,

This paper is concerned with the flexibility of produc-
tion systems. An examination is made of conditions for the es-
tablishment of flexible production systems and of the possfbi-
1ities for optimisation. The Advantages and Disadvantages of
such systems are discussed across the broad spectrum from job
to line production. A quantitative model is porposed for the
selection of production processes. Consideration is given to
the flexibility of material flow with Group Technology. Diffe-
rent aspects of planning, monitoring and control are discussed
both at micro and macro levels, Finally, a Methodology id pre-
sented for investigating such complex dynamic systems,

Izvod,

Ovo je radni materijal na temu fleksibilnosti proizvod-
nih sistema. Izvrieno je ispitivanje uslova za postavijanje
fleksibilnih proizvodnih sistema | moguénosti optimiranja. Raz-
matrane su prednosti i nedostaci razli&itih tipova proizvodnje
u §irem spektru od osnovnog radionilkog do maksimalno sinhroni-
zovanog linijskog tipa'1 razradjeni kvantitativni kriterijumi
za izbor tipa toka. Razmatranja su vezana za fleksibilnost to-
kova materijala i zasnovana na principima grupisanja. Razliliti
aspekti planiranja, vodjenja { upravijanja proizvodnjom su dis-
kutovani kako sa mikro, tako i sa makro stanovidta, Posebno Jje
razradjena metodologija za ispitivanje slo2enih { dinamilnim si-
stema.




1. INTRODUCTION

Production is a basic field of human activity which f1s
necessary to meet the needs of individuals and for the develop-
ment of society. Without production human society could not
exist even for a short period of time, whatever the natural re-
sources of a country, To meet these needs the natural resources
have to be transformed by production processes, into useful pro-
ducts. The transformation of resources into products is perform-
ed by production plant using developed production methods. Pro-
duction is therefore a purpose oriented activity designed to
obtain useful output values.

Production is 1imited by a set of elements (input values,
production plant and people). They are interrelated in ways de-
termined by the choice of production method. The way in which
production 1s 1imited by PRODUCTION SYSTEM design is shown by
& cause and effect diagram, in Fig.1
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The Development of Production Systems is limited by:
= The possibility of Forecasting future events

= The Efficiency of production development and of the
intraduction of new techniques




= The Design of the System elements and by the degree
of optimisation of the Relationships between them

- The Quality of decisfon-making, of organisation and
of the control of production flow in relation to time

= Process and Environmental disturbances.

The value of the output is conditioned by the working
characteristics of the System and by the Input values. Working
characteristics are dependent on the quality of product design,
the choice of method, plant layout, organisation of the System
and 1t°s Input Values. The output value is limited by Eaviron-
mental Conditions. The Working Characteristics of a System are
the expression of it’'s Capability to perform work in a given
time under given environmental Conditions. At this point we
come to the idea of the EFFECTIVENESS of PRODUCTION SYSTEMS,
which can be expressed as a probability that the system wil)
start, perform the objective function and adapt itself within
the tolerance 1imits, in a given time and given environmental
Conditions. The Effectiveness of the Production System, in that
sense, can be expressed as:

Es(t) = A(t):R(t)-DA

where:

A(t) - is the operational readyness of a production
system, in terms of the probability that under
given environmental conditions, the system wil)
start and move into the field of the tolerated
limits of the objective function, in a given time.

R(t) - 1s the relfability of the system in terms of the
probability that under given environmental condi-
tions the system will parform given tasks, within
the tolerated Hnits of the objective function. in
a given time,

DA - is the design ddequacy of a Production System. It
is the capadility of the system to adapt ttself to
the environmental conditions and to the process
requirements in a given time.
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As a result of the Needs of People and Society and of
changes in Environmental Conditions, there are growing require-
ments for Production Systems to achieve higher Productivity,
improved Quality and lower costs. This leads to an increase in
the values of the working parameters and to an increase in the
Complexity of the Structure of the Production Systems,

Production Systems have typical series related structures.
As Complexity increases this leads to a reduction in the Effec-
tiveness of the System,

Changes in the Environmenta) Conditionsg require a steady
adaptation of the systems which in tyurn requires a highn degree
of flexibility in the Systems,

2. FLEXIBILITY OF PRODUCTION SYSTEMS

The pressure on Production Systems to produce more and
more output at less expense, leads to g high degree of structu~
ral complexity in these Systems. Once designed, the System
Structure 13 constant for a defined time. In practice this
means that there are dinamic environmental changes and at the
same time there s a very static Structure of the Production
System. The leve] and the Quality of the Output values depend
to 2 great extent, on the quality of the Solution found for
this conflicting situation. Bearing this in mind one can posty-
late the following: '

2.1 The Structure of Production Systems

The Structure of & Production System can be presented as
3 fixed set of technological and plant layout elements, as fol-

S <« 1s the Structure of the System




TS - 4s the quantity (number) of Technological elements
(machines, handling equipment, measuring equipment,
stores equipment and control devices)

§S - is the space structure; or plant layout of the te-
chnological elements.

The Structure of a Production System is conditioned by
the degree of complexity of the job to be done, by the level
of the objective function, by the capacity of the elements of
the system and by the type of plant layout used.

2.2 Definition of Flexibility

The Flexibility of a Production System is a measure of
it’s capability to adapt to changing environmental conditions
and process requirements,

A quantitative measure of the flexibility of a product-
fon system is given as the value of DESIGN ADEQUACY, which 1is
a probability that the given structure of a production system
will adapt 1tself to the environmental conditions and to the .
process requirements within the 1imits of the given design pa-
rameters. If the environmental and process requirements exceed
the determined 1imits of the system, the flexibility of the
system is not sufficient and the plant and layout will have to
be changed to suit new conditions. The degree of utilisation
of the system parameters bears a very close relationship to the
degree of Design Adequacy. In other works one can design and

_produce a highly flexible system which can carry out very dif-

ferent tasks but the degree of parameter utilization and the
effectiveness of such a system will be very low.

: Investigations into the design of flexible production
systems therefore, lead to a seirch for the appropriate ratio
between capacity and utilization of the parameters of the pro-
duction systems,




2.3 Basic Parameters of Production Systems

The Flows of Production Systems (Material Flow, Informa-
tion Flow and Energy Flow) are the basis for the design and
layout of the System. The basic parameters of Production Systems
are related to the Flows of material, energy and information
and are dependent on:

= The Technological Complexity of the job to be done,
where Technological Complexity is given as the sum of
the operation times from the first to the last opera-
tion, in the form of:
t=m
151 t,; [time units] (2)
where:
1= 1,2,3,...,m = §s the number of operations

Quantity - The number of Product units to be produced
in a given period of time (qj[product units/time period)]).

= The Capacity of the system elements which is limited
by the selected man-machine data (katime units/time
period], or Load/Capacity).

There are two basic Parameters of Production Systems in respect
to the Choice of Production Processes, layout planning, flexibi-
11ty and Effectiveness as follows:

2.3.1 Load-capacity balance

On the basis of inequality in the form of:
> ,
T,lﬂ<vl(k,l (3)

where: .
'T1 tiye units/time period =« 1s the total production

time required for the
i-th operation over a
determined period of time

‘ (usually one year).The va-

lue T is obtained from:

\

|




Ty = Quy 7 tyy (4),

where
0y [prod.units/time period]

t; [time units/prod.unit]

Ky [time units/time per mech.unit] - is the capacity
of technological
systems in pro-
duction,

it is possible to create a criterion for the Choice of the
Type of Production Processes which is, in this paper, called
the DEGREE OF CONTINUITY and is given as the retio:

{sm {=m

1‘:, Ty 151(0t1't11)1 R
k = - 1 (5)
ser * X L P

An increase in the Degree of Continuity leads, as it
is shown later, to the choice of more homogeneus processes in
the form of Flow production lines and Product layout and on
the other hand a decrease of that ratio leads to Job produg-
tion, and to Fixed and Process layout.

2.3.2 Degree of Universality

The Degree of Universality is the reciproce! vo1uc of
the Degree of Continuity in the form of:

K
1
Ve p— (6)
ser T T1
fe1

The degree of universality sﬁows the possibilities for produc-
tion parts flow through the work stetions of a Production
Systenm,



2.4 Components of design adequacy

As can be seen from [5) the structure of Production
Systems is limited by the technological complexity (Etii) of
the job to be done, the quantity (q), the capacity (Kk) and
the space/layout parameters of the system flows. This means
that Design Adequacy is the result of the technological, ca-
pacity and space components described below:

2.4.1 Design adequacy-technological component

This is determined by the possibilities of a given te-
chnological system to accept parts from the production prog-
ramme within the limits of its design parameters.

The Technological system, as an element of the Produc-
tion System, will successfully adapt itself to the environ-
mental conditions and process requirements within the limits

of its design parameters, as shown in Fig.2.

On the basis of Fig.2 no conclusions should be drawn
on how to get a higher degree of the technological component
of design adequacy. Technological systems should not be select-
ed with larger possibilities in terms of the basic parameters
because it would lead to lower degree of utilization of such
parameters, '

In order to explain this we will adopt the following
symbols:

Py * value of a parameter in the technological system,
which presents the maximum capability of the system

Py - the value of the observed parameter which is used.
This is 1imited by the characteristics of the pro-
duction programme.
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In this case the ratio:

(7)

hd
- |x

nk.t

presents the degree of utilization of the observed parameter
of the technological system for a given set of conditions and
the difference:

Ry = By - Py (8)



presents the surplus of capavility of the observed parameter
which allows adaptation to cianges in production programme.

On this basis it is nossible to conclude that the
f1¢x1bility of an observed technoiogical system 1is Rp

As an example we shall present the results of investi-

gations of a few production pProgrammes and technological
system parameters as follows:

.1 The parameter Py - SPINDLE SPEED - CENTRE LATHE

The technological systems - Centre Lathes - in the

sample investigated, all have the same number of 24 different
spindle speeds (Pnt=24 values).

The requirement of parts “pnk" four- ime study for
& number of Production Programmes are siga, iy . 3.

As it is nresented in Fig. 3, the difference Rnp-pnt°

o is fairly nearly all types of centre lathe
W -~ they hava a high degree of flexibility, but
“ . -+ aegree of utilization of parameters.
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.2 The.parameter Pe = FEED - CENTRE LATHES

In the observed sample of centre lathes there was a
total of

Pe = 18 values, (9)

The requirements of theproduction programme obtained
by time study analysis are shown, in Fig.4,

In a given sample of Production Programmes and corres-
ponding sample of centre lathes, the difference:

pr " Pre " Py (10)

was also fairly high which leads to the same conclusions as
in the case of the speed.
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.3 The Paramtere pw - POWER = CENTRE LATHES

The Technological System“Centre Lathes” in the observ-
ed sample has had two values of power: 10 kw and 15 kw., The
Oistribution of the Total time needed for the machining of
pieces in the Production Programme, on the basis of time study
analysis, is shown in Fig. 5. The given Distribution shows the
degree of utilization of engine power for a given sample and
the possibilities of adoption to the needs of Environmental
changes - conditions.

The given Distributions show clearly that R difference
between available and used parameter values were significant.
therefore the technological systems in the given example are
flexible enough but with a fairly low degree of utilization of
possibilities,
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2.4.2 Design Adequacy - Machine capacity
This is defined by:
.1 The Difference Rc in the form of:

Re ® Mg “ Mye (11)
wheras
Mia = {s the rounded number of technological Systems
(machines) adopted for the given i-th operation

M“ = calculated number of Technological System units
needed to perform the i-th operation of work.

The Calculated number of Units is given by

.
Myc ® K% [units) (12)

.2 The Degree of Utilization in the form of:

ne = *1a | (13)
LI
The value of Rc shows that the structure Mi is flexible 1n
proportion to the difference between the adopted and calculate-
ed number of units of Technological System needed to perform

8 determined operation of work to be done.

As the total number of Technological Systems in Produc-
tion processes 1s:

M = M1.M2|M3|ccugM{|Mn (14)

it is possible to state that the structure M1 s flexible in
ration to capacity as much as the difference and deqree of
utilization of the operation which presents the “"bottlenech"
of a process. For such operations the difference:



e M. . o=l 5)
Rct fat iet (15)
ang ratio:
M '
ia
N, ®y (16)
v et

are as above stated.

The Inveﬁtigations in the area of capacity have shown
that the changes in Production Programmes, in terms of product
mix and quantities of parts are not corresponding in most ca-
ses, to the changes in total time needed to perform a set of
given operations, This means that the flexibility and deqgree )
of utilization are changeable in time.

2.4.3 Design adequacy = Plant Layout Component

The space structure of a Production System is defined
in terms of the layout of work stations and is prodably the
greatest problem to the system designer, due to the very high
costs of relayout. The Investigations have shown that the
degree of effectiveness of plant layout varies in broad limits
43 shown in Fig.6, due to Changes of product and Production
Programme Characteristics.

Te imoney units)

—e— objective function

§ 1 & »
s {ime weeks |
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The space structura can e - accorcing to
e.nressed by the degree of interrelationshin between work
stations and process characteristics, in the fornm:

) K, i K, .
= 2a(T-1) ol o 2q(7.1) ] (17)
r T o0, 't
oy M EPERTIALE

where
i - the average number of operations
a - the degree of the similarity of different parts in
the Production Programme

Changes of Production Programme are allovable within the
Timits of reserves of layout capacity soace. The reserves of
layout capacity are given as a probability that all new re-
Quirements, in the sense of work stations and thetir relation-
ships, conditioned by Environmental Changes and idle time,
will come under one of present - relations.

In the case of functional layout the number of relatione
ships is much larger than with flow line layout, so the re-
serves in the space structure and the flexibility of such a
system ire larger and there 1s, therefore, the possibility
for them to adopt to environmental Changes.

2.5 The relationship between Flexibility and the
Basic parameters of production Systems

Consideration of the Components of desian adecuacy
(technological, capacity and plant layout) indicate that the
structure of production systems is flexihle to the extent of
the reserves of the component of desiqgn adecuvacy which allow
that the flexibility 1s cond:tioned by the typo of Production
Processes, These are conditioned by the values of basic para-
meters of Production Systems such as the degree of continuit,
and the decree of University.

f‘~
|
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Having that in misnd, it is possible to exaress flexivi-
ity as a relationship between tne deqree of universality,

which contains, in a determined way, the components of design
adoquacy, and the deqree of interrelations between work stations

and process characteristics in the way of

U = Kk1 - Kki . e Kk1 —. ____‘3____ (13)
Tt T ety 2a(fet)e okt 2 (3D
i1 i iu ti “id ©

From this expression it can be concluded that the
degree of universality is hiqgher {if the value of interrelations
is higher and lower if the ceqree of similarity and number of
process stages is higher. The higher deqree of universality
requires larger flexibility of the systems structure.

As it has become evident that the flexibility of Pro-
duction Systems {s closelx related to the deqree of utilisation
of the technical capacity and layout narameters, this leads
to the need to:

- DESIG! production system flows in ordor to get a
high deqree of flexibility and niqgh deaqree of utilie-
sation of nroduction System narameters.

« SELECTION of technolongcial Systems adantad tc the
needs of designed flows and with a hiqh deqree of
maintainability.

- DESIGN of space (layout) structure in accordance
with a diaqram of material flow.

< QRGAWIZING of the production elements into a system
in accordance with established objectives.

[f is possible to meet the given needs by the introduc-
tion of:

- Standardization of system elaments

- Princinlas of parts grouning/Group Technolony/
- Choice of acantzble tecnnological svstems

- Connuter aided nroccedures in information flows

- Modern methods in tne process of aecision maxing,



The MHethods of oraanising Production Flow, based on the prin-
ciples of parts qgrouping, will be discussed in more detail
later in the paper.

3. THE GENERAL MOCUEL OF MATERIAL FLOW
IN PRODUCTION SYSTEMS

3.1 Basic Approach

Charges in Consumer demand in variety and quantity, en-
vironmental Changes and Technoloqgical Innovations lcad, as
mentioned above, to higher pressure on production systems to
produce more at less cost.The growth of industrial production
systems to meet this demand has gone through evolutionary sta-
ges from one-off jobbing, through batch production and further
to mass and flow production. The consumer demanc in variety
of products is stil) limiting the application of mathods of
mass and flow line production so that at this stane of indust-
rial evolution, and also in the future, job and datch proces-
sing are inherent in most production systems in the metalemanu-
facturing industry because they are more universal and more
flexible. Investigations have shown that in conditions of job
and batch processing, the number of parts using each vork sta-
tion 1s significantly larger that with flow production methods
as shown in Fig.7. They have therefore to be more flexible.

station

users cach
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From another point of viaw, the dearce of utilization
anc the possibility of application of modern processinc methods
in conditions of jobbing and batch production, are significant-
1y lower., The nrofitability of the imnlementation of modern
methods increases with increases in the quantity and similari-
ty of the parts to be made. The QUAITITY = & number of items -
- and the SIMILARITY of the parts, become the limiting vaiues
in the development of production systems.

Production Programmes in the Encineering incustry, and
similar industrial branches still generally certain a larqge
variety of products use relatively small batch quantities,
even in industrially develoned countries. Such a situation
1imits the application of modern technoloqgical, monitoring
and control procedures. This points to the next conflict bete
ween

- (the need for) SPECIALIZATION in the areca of techno-
logical methods and systems because of their hisner
productivity on one side and

= UNPROFITASILITY of imolementation of special mzthocs
and systems in conditions ehare production nrogramnes
call for a large variety of products and small batch
quantities on the other,.

The Investigations of conditions to solve this conflict, have
shown that it is possible by using METHOD OF GROUPING OF simie
lar parts.

The essence of the method of grouping, leads to the
selection of the GROUP of similar parts, which are machined
by the defined technological systems - (work centre, handling,
measuring, stocking or control)-, '

Since the given characteristics of the technolonical
system indicates the machine which performs the specific one-
ration the Group of similar parts is called or OPERATIONAL
GROUP Qop pPr.units/time periodj.
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Having in mind that each operational group contains
parts from the production programme with similar characteris-
tics, then the size of the group is dependent on both the
degree of similarity of the parts and on the parameters of the
technological systems. In general the total quantity of parts
machined in the operational group §s:

Juk
. :‘ qy [units/time per.] (19)

Je

Qp

where
qJ units/time per., - qQuantity of j-th part in produc-
tion programme
J o 1,2,3,...,k = number of parts in operational group

The size of Operational group is, in general case, changeable
along the material flow system and 1s a function of the techno-
logical complexity and the processing parameters.

The set of operational groups in the area of the f-th
stage of the production processes 1s defined as TECHNOLOGICAL
GROUP described in the form of:

ger -

Qt . 051 Q”’ [units/time per.] (20)
where

9 * 1,2.3,...,7 = the number:of operational groups of

the same type of processing.

In this way 1t s possible to design the GENERAL MODEL
OF MATERIAL FLONWS of production systems in engineering and
similar industries shown in Fig.8.

¢

The general model of material flow in production sys-
tems presents the BASIS for research and development of pro-
duction systems of different types.



operation . H | I I IR B ]

tennologiced
{roup

Fig. 8

3.2 Characteristics of general mode) of material
flows in production systems

The total quantity of the parts 1in a Production Prog-
ramme for a determined time period is:

Q= :;: 9y [units/time per.) (21)

where

J = 1,2,3,...,n = tota) number of parts in production
proqramme,

Since not all n-parts, in a general case, are passing
through all of m-stages in production processes, the number
of operational groups {s changeable over the stage of produc~
tion processes depending on the degree of similarity, the

parameters of technological systems and the system of calssgi-
fication,

As each operational group contains similar parts from
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all the different products in the production programme (Fig.%)
it 1s obvious that

Qp1 > Oy (22)

product A procduct B product C

AV
Y

operational group Qepi

Fig. 9

which means that the quantities of parts are "enlarged” fronm
the point of processing,

!

In this way a possibility 1s obtained for use of

methods and technological systems of higher class of effective-
ness.

Operational group o pi contains parts of similar para-
meters (shape, size, uator1al quality and others) and s
shown, on the base of shape parameters in Fig.10.
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It is essential to notice two basic characteristics of group-
ing approach as:

.1 Only components are considered - not assemblies

Since all products, on entering production, are devided
into separate groups and are allocated to operational qroups
on the basis of a classification system, their machining fol-
lows throughout the system, disregarding the product to which
the parts belong. The parts come together into products when
they enter the assembly 1ine as shown in Fig.11.

N [D-D'D*DJ ,
-
=
A ?,
. \ N
N\ \pq_,
RAoooo y
part processing assembly

Fig. 11 |

.2 The effect of the group approach on the designing |
process and on production planning - coordination of the work
of the designer and the production planner on the basis of
grouping logic - leads to a further significant increase 1in
the number of parts made in the groups. This {is due to the
fact that designers and production planners have their own 1
approaches and habits, using different production methods for
the same purpose. This happens in spite of attempts at stan-
dardization of the design process. It leads to significant
differences in geometrical and technological characteristics
of the components.
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Analysis of the expression:
TEK (23)

shows that in the development of material flow in production
systems, three historical stages can be seen:

=1. Individual approach in production planning and
component processing the system.

Individual approach in material flow development can
be presented basically by block-diagram according to Fig,12.

ANPUT
{production programme p-q’.)
f [}

DESIGNING
METHODS

WORK METHODS | gt} n Ke

T
1
MANUFACTURING
PROCESSES

|

OUTPUT .
leffects Eyxfiq; t, /)

Fig. 12
According to the 1llustration in Fig. 12 of the indivie
dual approach to designing material flow Systems, 2 signifie-
cant difference in production planning appears in the develon-
ment of design, solutions and machining of one off jobbing
production of qj quantities and t11 manufactory complexity on



overall opcrations in the systems of manufacturing nrocesses
which gives effects on the E1 level in dependence on quantity,

batch number, discretleness degree and quality degree in the
rrganization of production process organization,

«2. Individual approach in desiqn and the qrouping ap-

proach in production planning and component proces-
sing in the system,

INPUT
{proguction programme pj-ql.)

!

DE SIGN
!
PRQDUCTION - :
— PLANNING FOR (:g g, i) P<Ka
GRCUP
grouping metnods i
according to. |
-type machining | '
-sequence of ope- ;
rations Y
- combined method
COMPONENT
PROCES “ING
IN GROUPS
QUTPAUT

(effects Egsfighity,’)
where q?» q |

Fig., 13

The qroup approach to the desiqgn of material flow sys-
tems can be {1lustrated hy the block diagram in Fiq,13, As the
result of the group approach there is an increase in the cuan-
tity (qji) with the same component processing complexity tij




giving the output efeects EZ>E1 for the same other conditions.

=3. The group approcah in design production planning
and comnonent processing.

The designs of material flow systems based on aqrouping
methods, aims to increase the quantities for each manjfacturing
process making a further development of the idea of qrouping
in the manner shown in Fig.14.

In the case in Fig.14 the feed back from production
planning to design, have the role of directing the designer
to reduce the variety of desian elements (surface, forms,
radii, dimensions etc.) to the necessarc minimum, to realize
the conditions for “increasing" the quantities of similar
parts in the marufacturing processes and in that way to in-
crease the total output in terms of:

E3 > E2 > E1 ,
On the basis of a given Act of considerations, it can be con-
cluded that the grouping method provides:

= An increase of the load-capacity index
- An increase in the standardisation of design feature.

For the above reasons, the idea of grouping deserves the great-
est attention in the Engineering industry. It presents a way

by which the technoloqy of establishing production flow sys-
tems can be given a scientific base and a special scientific
field.
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* Grouping methods

Grouping methods have the masic afim of parts classifi-
cation into OPERATIONAL GROUPS on the basis of similarity of
shape, function, materials, setting-up possibilities and simi-
lar parameters. In the framework of these objectives there are
&8 number of special aims, including increasing organizational
efficiency of the firm, further increase of flexibility, more
complete arocess analyses and similar objectives.

Grouping methods must be based on a TECHNOLOGICAL CLAS-
SIFICATION of the parts nroduced. On the base of this classi-
fication 1t is possible to establish material flows based on
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groups in these ways, based on:

- Type of machining process (turning, milling, grinde-
ing, drilling, etc.)

- Parts with the same sequence of operations

!

- Combined methods.

This gives considerable nossibilities for the adaptation of
material flow system to the production programme requirements.
The market makes the production processes more flexible.

GROUPING METHOD BASED ON THE TYPE
OF MACHINING PROCESS

Grouping by the Type of machining process, renresents
the basic development of the grouping idea y» which is
known in practice as GROUP TECHNOLOGY., This method of classi-
fication studies belong to the same TECHNOLOGIC GRUP, which
can in other words be machined on the same tvpe of work centre,
the technolqgic group is broken down into operational qroups
to which those parts belonqg which can be wmachined on a partie
cular work centre with the same set-up, and with the same
equipment and tools.

Next comes the regrouping of the narts from groups for
one operation, into groups for later operations. This leads
to the grouping system scheme, - based on the type of machine
ing process - shown in Fig.15,

It 1s obvious that the number of parts in each groun
changes in accordance with the classification conditions. Howe
ever, in practice the method permits some flow of
the steps between groups 1in order to accumulate economic hatch-
es.

It is obvious that parts with technolcrically similar
features fall into the same onerational groups, The narts

with special features snould still he machined in the traii-i-
onal way.
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In the system illustrated in Fiq.15 the colunn headings
have the following meanings:

CLASS = group of parts with similar geometrical confiquration

SUBCLASS - set of harts inside the class, the dimensions of
which are in defined limits, or which are machined
from materials with similar characteristics,.

tamily operction
class jsubclessiof parts

1 2 |

Jroup

production programme

FAMILY - set of parts inside one suhclass, which have similar
main functional surfaces or main surfaces for machin-
ing

GROUP - set of parts inside one family, which have the same

or similar classification numbers and can be machined
with the same rolling set-un,

Hence it can be stated that the objective of technolonic clas-
sification in grouping, is to design nart grouns, which can BSe
machined on one machine, with one set-up and using the same
tools and equipment. The basic characteristics of the aroupina
system using the methods of type of machining process:



1. Advantages:

The Grouping system based on this princinle has the
following advantages:

= In Marketing : It is easy to judge 1f an order is
acceptable, based on the previously
machining of similar narts.

- Estimating Estimates can be based on the data
for similar parts made nreviously,

* Design The Application of the qroup dasign
system, leads to the adoption of
standardized elements and parts.

- Production planning Operational qroups are formed and
nev processcs are desianed on the
basis of standard methods for come
posfte parts.

= Time study ' Time study s simpler and quicker
due to the establishment of sand-
dards and this leads to a signifi-
cant reduction in setting time.

= Tools design Desiqgn of tools on the basis of
group principles.

= Organization Improvement of work oraanization
on the basis of parts qrouping and
in Production control.

- Materials handling Design of handlir equipment on tne
base of group princinles.

- Flow analyses Analysis is simplified as 1t deals
with qroups of similar parts.

2. Disadvantages
The basic disadvantages are;:

= Need for classification after each operation
- Complexity of classification system
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- Organizational difficulties in the case of production
programms with high complexity parts.

GROUPING METHOD ACCORDING TO THE
SEQUENCE OF OPERATIONS

Grouping of the parts on the principle of operation
sequence {1s sometimes called TYPE TECHNOLOGY, The production
planning for grouns of parts which have the same operation
sequence, s based on the system of classification vhich is
fl1lustrated in the Fig.16.
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class |c = ant ! opera-|  Operations schedule
$ group t.On bu_i_.rfd‘ge T T 1
aructurel by 11 2 C !
. = :3753 'O'.‘OJ’O'““"O’—*O
E | |22 @cg\\,}:}-@——-o—*o —=0
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| es= 300 00,
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PRI e ¥ /Y e o M e Bota
= 4T 6y i —
g — 3.3 700 0
§ 5 = INEB 10 0-0-—=0— -0
R . ; - AR,
gg {_;L}/h_g O 00O —-0+—0
2 w3 kA * * t
s —{1] O—+———=0
Fig.16

CLASS - 13 a set of parts requiring the same basic processes

GROUP = 1s a set of parts inside a class which all have the
same characteristics in resoect to dimensions, mate-
rials, and other parameters,

TYPE - 1s madeup of parts from different groups which have

the same machining plan and the same OPERATIONAL SEQUENCE

r.
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Nith this grouning system, the objective of system classifi-

cation is the design of the part TYPE followed by complexity

by the production planning job and standardises the machining
processes.

The basic principles of the grouping system using the
mathod of sequence of operations,are as follows:

1. Advantages

It directs the designer and production planner to
more detailed studies of the processing conditions
for parts and a qgreater application of standardised
elements in design,

The simplified System of classification is carried
out only once at the begining of the job.

The reduction of a gqreat number of individual proce-
duro; to a saml)l number of standard procedures.

Reduction of the number of tools, jigs and fixtures
required for operation processing.

An increase in the load-capacity ratio vhich makes

it possible to adapt modern machining metrnods and to
choose machines of more complex type, thus increasing
productivity profitability.

A saving in the work of production planning.
A decrease in manpower skills required.

A noticable decreasc in set-up time in component pro-
cessing.

2. Disadvantages

Complexity of the system of classification,

Insufficient flexibility for changing the production
programm,

Still requires a large number of different jias, tools,
and fixtures.




' GROUPING METHOD ACCORDIWG TO COMBINED PRINCIPLE

The grouping method according to the combined orinciple [
is the result of combining the grouping method according to the
machining type and the method of grouping according to the se-
guence of operations, This elininates the disadvantages of botnh
the previous methods. The method is presented in Fig.17.

operction |
group

- Q6 QoD

Fig. 17

The grouping methods reduce the time required for Production
Planning. It also order and simplifies the material flow and
production control, directs product design and makes easier
quality control.

Fig.18 flustrates a part of a certain production program- '
me for which production planning is required.

When production planning 1s done separately for each
part (convantional approach) than as many work method must be
designed as there are parts in the programme and special toolsg
and equipment must be designed for each part,

With the traditional approach there is a great expendi-
ture of time on Production Planning. This can be decreased by
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- Simple machined components
with only one operation
(Fig.20a)

- Components which can be
grouped on the basis of the
type of machining process
(Fig.20b)

- Components which have the
same sequence of opera-
tions (Fig.20¢)

« Components which can be
machined according to the
combined principle (Fig.
20d).

grouping, when each group can
be planned as a whole on the
basis of COMPOSITE part, It is
shown in Fiqg.19.

As the number of oneratio-
nal groups is very small in the
case illustrated in Fig.19 esne-
cially for some of operations
({.e. Turning and Grinding ones-
two operational groups) the save
ings in production planning are
very significant,

A1l production programmes
normally include components with
widely varying to desiqning of
qroups there are following cases
(Fig.20):

v T ‘.
A .
vy -, .
P _:'.','l -
"‘/'.. AT LT
P R e \" ...
Tide : St
. Mo | !
-~ i
-~ -~ T
’ Va4 T
sat A L -/( —
~ . “d - -
- . ¢ , LP) L
- W > L - .
” oy J
.. ’ -
Y N . '/" .
- -
- | ) S
- — . -
.v......_,.j"": LT
. B L]
- ’
P A
. -
NN -
TR el
.I/ \\ X
! . oL
-~ "5 L e
2.




L
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Fig. 20

As it has been shown all the ideas about component group-
ing according to parametar similarities brought about a new ap-
proach in the design of material flow systems and made their
further development possible in order to meet needs of output
values and changing environmental conditions.

PRODUCTION PLANNING GOR THE COMPONENTS
IN THE OPERATIONAL GROUPS

Production Planning for the total of k-components in an
operational groups is reduced to planning for one component
called COMPOSITE PART. Composite part is chosen so that it con-
tains all the surfaces of all other components in operational
group. This can be designed as eather a real or fictive part.
Fig.21 1llustrates the operational group of k=7 components of
which one is of such complexity that 1t contains all surfaces
of the other respectively,




Fig.21

Production Planning of machining operations for the com-
posite part of the operational group is carried out in the near-
1y same way as for single parts as it {is shown in planning
chart in Fig.22 in which the elements of machining !speed,feed,
depth of cut) and the elements of processing time (sotting, ope-
rational and idle time) are given in order to obtain objective
data about the load/capacity ratio.

3.3 Choice of the Material Flow Type under the
conditions of the General Model of
Production Systems

The choice of MATERIAL FLOW TYPE for the prcduction
systems is the basic problem in the design of production systems,
This takes into consideration the fact that the tooling of
machines and the total system investments denend on the flow
type. The choice is connected with load/capacity ratio given in
the form of:

{=m N
I T <k (24)
fu1 k
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T - {s the total time nceded for machining all the com-
ponents in operational group
kk - s the usefull capacity for the observcd part of
the production system.

he ratio (5) can be, as mentioned before, expressed
in the following way:

>
Kegr ® —— < ! (25)

In order to determine the total time under the conditions
of the GENERAL MODEL OF MATERIAL FLOWS IN PRGDUCTION SYSTIMS let
us observe a definite operational group composed of a number of
different components, in the general case, of different comnle-
xity and varying along the matcerial flow.

The operation time for machining each component in an
operational group - Qopi is different so it is necessary to in-
troduce an AVERAGE VALUE for operation time for each of the
jth operation, where:

i s1,2,3,...,m

Thus for operation 1:

1

. - o) ..h
Qq 1 bii%Qp g by gt ¥Qy by gty Yy g

2] -
tiy o ]
op,!

j=h

I q.,'t

o jt Tit
- l—g (time units/comp.units) (26)

op,!

vhere

J = 1,2,3,...,h - component numbers in the onerational
group on tne first operation
The component complexity changes with thie riovement aicng the
Tlow path, This complexity is a function of machinina methods
and of the number of components in the aroup. ience the averaje

gperition time value cnanges too., The followinn values are ob-




tained in the result for "i" operation:

" .y ved L K

SRR RG2S RASRRAR AL R MRS RS

by " T
J=k
L qji°t21
. 1:15__7___ [time units/comp,units) (27)

op,

The average operation time is obtained by the sarme
method for each operation along the flow, thus for the last onec-
“ion it amounts to:

el - e d W
e w n tin*%2m tint e t0gn Cnte ety tin
i

m Qop.m

J=w j
51 qjm t1m .
. J-7T__-——_ [time units/comp.units) (28)
. op,d

where, in the general case, s

h 2k 2w
The total time needed for a certain operation in an onc-
rational group with given complexity and given variability of

number of components along the flow amounts to:

T1 = Q

op 1'{? i [time units/time period]
Ty = Qp,27t,2 "
' v " (29)
Ty * Qop, 17ty
m " Qop.m'ti.m "

By intrcducing the concept of equivalent quantities Qo"e
v

and its corresponding equivalent averaqge operation time tie in
order to eliminate the variability of number of components in




tn2 operational group from oneration to operation we wiil get
the following:

Re = Qope'tie Jtime units/time period (39)
where

Te = T1
for each of i=1,2,3,...,m operations,
Thus:

Qe tie * Qopi' 11 (31)
from which the following is obtained:

T, s t. 3221 (32)

ie i1 ope

By substitution the values of t11 from the previous observa-
tions the following is obtained:

S gl B 0ot
q .nt q .
T . =1 31 i . Qop'l . 421 3t ftime units’

t = (33)
ie Q°p1 qopo Qopo comp.units ;

By 1introducting the tie values in the expression for load/capa-
city ratio in the condition of equivalent flow the following 1is
obtained

- J
{em fem fam o sty
=]
I 7 z (Q *t,,) Z (Q 'L—jy—————ﬁ
v o det e _ ixy  OPe fe'd _ a1 Ope one 1 .
ser Ko “Ke Yope
1-m(J-k i tsm §sk ]
b L o0.4°t3y)y I (L g 0te)
o gaq JF 104 LS Gt
. =1 gs1 . a1 de1 130 (g
k 13
ke k
as kke = kk.

The load/capacity ratio given in the form

{sm J=k i

I(z: 9. "ty,)
kv s 1=t ger 97110 : 35
ser Ky < (33)




ccatains only values of rcal flows and thus represents ‘he
bagis for the choice of material flow type in the conditions
of the general model ¢f material flow in production systems in

the engineering industry.

By comparing expression (5) with the exnression (35)
obtained in conditions of single component flow it can be con-
cluded that they are compatible.

The choice of flow type, in dgreement with the previous
one 1s made by the following method

Case 1.0;

*

Kger <

In the case where the load/capacity ratio 1s smaller than 1.,
or more exactly that:

i'm (J;.k )y, <k (35)

L §.q°t: <

a1  jai J¥ "1 74 k
the operational group Qopi is not, in a given time period, con-
tinuously in work. This indicates the need for the DISCRETE
FLOW PROCESS grouping method, based on THE TYPE OF MACHINING
PROCESS grouping method, the selection of GENERAL (UNIVERSAL)
purpose production equipment and the FIXED LAYOUT of work sta-
tions. The case 1is shown in Fig.1,

Case 2.0:

*

K > 1, (T)) <k

\
ser nax k (377

For the case where the load/capacity ratio is larger than one,
1t is necessary to examine the load/capacity ratio on the long-
est operation:

Ky (38)

1.’.



wnich aives two special cases:

Case 2.1
Ink (3)
‘;51 955751 Imax < K¢ (39)
v

which means that on all operations
< k. Y

In that case, we have also the DISCRETE FLOW PROCESS.
The grouping method based on the TYPE OF MACHINING PROCESS,
work stations of UNIVZRSAL and SPECIAL (COPYING,NC,CNC) pur-
pose and LAYOUT BY PROCESS., This case is shown in Fig.2.

Case 2,2

In the case where the load/capacity ratio for the long-
est operstion 1s bigger than one {.e.:

J=k
(I qj1't${)) >k (41)

1t 1s unknown how many of m-operations have the load/capacity

ratio smaller or bigger than one. In such a case the following
criteria are recomended:

Case 2.,2.1

When the load/capacity ratio at the longest operation is
bigger than one 1.e.:

(t q31-:§{)) >k, (42)

¢nd the total time T1. needed for a certain operation, is, on
the larger number of m-operations, smaller than capacity kki of
the work station, 1t {s resonable to design the layout of the
production processes as a DISCRETE FLOY PROCESS, with the group-
Ping method based on THE SEQUENCE OF OPERATIONS for the familvy




oFf cooronatits, TOouge work stations - of UNIVENSAL AN SPECIAL
surpose and to use CILLULAR LAYOUT of work stations. The case
is snown in the Fig.3.

Case 2.2.2

In the case where the load/capacity ratio for the long-
est operation is bigger than one, which means, more exactly,

that:
Iek (3) ré
(JE1 Q4q° L4y Imax > K« [43)

and where the total time Ti' needed for a certafn ooeration, on
the larger number of m-operations, is bigger than caoacity kH
of the work station, it 1is reasonable to design the iayout of
the production processes by the CONTINUDOUS FLOW PROZESS qroup-
ping method, based on THE SEQUENCE OF OPERATIONS, to use work
stations of SPECIAL purpose and to use CELLULAR OR LINE LAYOUT
for the work stations. This case is shown in Fig.4.

Case 3.0:

In the case where the load/capacity ratio is tigger than

r \
one and the total time needed for the shortest operation (Tidein
{s equal to the capacity of that station, = which at the sane
cime means that on the other operations the load 1s equai(ty)

or greater than the capacity of the stationse, or in othar

words if:
=k .
(351 54 %33 dntn * Kk (4]

the conditions are appropirate for the design of the layoui in
the form of a CONTINUOUS FLOW PROCESS, based on the grouping
method according to THE SIQUENCE OF OPERATIONS, usinc worx sta-
+ions of SPECIAL purpose and the LINE LAYOUT of these work stae
tions. This case is shown in Fig.5.
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In the case where the load/cenacity razio is 5igqes than
&€ and that the total tim: needed Tor the shortest ooeration
'I)-*in 1s greater than the capacity of that operation, which

on
{"P
\b
means that:

» K, (45)

the conditions for deviding the material flow into more #lous
are satisfied. The process is similar to the process for one
product line., The case is shown in Fig.6.

The studies described, make it possible to expend tne
GENERAL MODEL OF MATERIAL FLOYW in production systems, in the
way shown in Fig.23.
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S.e The sasic chctracteriuvics of the General Mode)
of Watarial Flow in Production Systems

Anclysis of tha developed model shows that the materiai
flows in production systems are basically of two types:

- DISCRITE and
- CONTINUQUS.

The basic qualities of Given casas cafine the conditions
governing nroduction sys<enm design., Thus there are:

** DISCRETE FLOM PROCISSZS

The discrete flows comparise cases 1,2 and scmatime 3 a3
iilustrated in Fig. They are characterized by lower load/ca-
Ppacity ratio and by an inrcreased degrea of universality - or
flexibility of the work system. The basic values of such 3 sys-
tem are given as follows:

.1 DISCRETE FLu PROCISSES YITH FIXED LAYOUT OF WeRK
STATIONS (Case 1 in Fig.23)

The materfal flow in this case in the general model, is
determined by the load/capacity ratio in the form of:

fam j=1 (3
¢ (9)
. HRI R
kser . X < 1 (46)

and by the work procasses which are carried out at one vork sto-
tion, by one or a groun of operztors whith their equizment., The
complexity of such production systems ig conditioned by the

number of operations "m", work complexity “ti“ and by the cipa- I

city and e2quipmant Characteristics of the work station [Fig.24),

The work processes of this tyne are Characteristic of
tne shipbuilding Tndustry, electrical énergy generators, large
Waler turdines, special tools, civi) engineering industry, nandi-
crafts oroduction an2 similar procduction systems,
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The basic qualities are:

1.1 Workein-progress quality

In the flow of this type there 1s always one work piece whicn
gracually changes in shape, dimensions and cuality. To fncrease
output, several flows cre used with the same technological and
organizational principle.

.1.2 Cycle time (rhythm of the flow)

is determined by the time inierval between the output of two
concecutive work pieces. It is equal to the throughnput time of
production Tcp' The cycle time will vary from niece to piece
according to work compliexity shape and different needs for
cquipment.

.1.3 Universality of system

is the reciprocal value of tre ioac/canacity ratio end should
b2 maximal for this type of production process. The degree of
flexioility is related to the desree of universality o0f sucn o
system. Thc degree of universality decrezses with an fncr . o
in tho coensicgity of system scructure and is smailiest inm tne
case o7 vune produc:t line.




.1.4 The degree of functionality of the process

is given in the form:

f=m
I t ,
T i1
¢t j=1
f = T » = (47)

cp
Tct’if1 tm01

where
TCt = technological cycle time

Tcp = production cycle time

tmoi = time between operations ¢ and {+1

In most cases in this Kind of production “f'evalues are
conditioned by the system of organisation and are generally
small,

1.5 Set-up time

in this tyse of production has significant value, because 1t
nas to be determined for 311 pieces and a1} operaticns., The
set-up time 1n this case causes low effectiveness of such pro-
cess.

1.6 Work station eguipment

The work stations 1n production systems of this tyne,
due to wide differences in the work to be done, have $o bSe wel]
equiped with tools, Jige and fietures of high flexibility. The
complexity of the work processes requires a skilled labor force,

The basic advantages of such tynes of production sys¢tan,
are low work-in-process, high flexibility and the small amount
of production planning neeced. The main disadvantages lie n
the low degree of equipment uti'isation, in difficuities witn
~h2 organization of naterfals Az- o "2 in the high cost of
labour,




.2 Discretc flow processes with process layout of
work stations (Case 2 in Fiq.23)
("Functional" layout)

The production systems of this type are characterized
by & load/capacity ratio in the form of:

3ok
()
(931781 Dnax o)
Kser K <1 (4

and work processes which take place in workshops specialed ac-
cording to the type of process (turning, boring, grinding,
sharpening, assembly etc.). Such processes are typical to those
need for production with many products in small quantities. The
basic structure of such systems is given in Fig.25.
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The basic qualities of tnis kind of process are:

2.1 Work=-1n-progres quantity

The quantity of pieces in a phase "i" of the system is

civen as:
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Q. [pr.units/time per]

and represents, as has been shown, a technoloqgical qroup which
is characterised by tne same work method - machining or assemb-
ly. The technological group could be divided in the function

of work station parameters into more oparaiiona1 groups witn
Quantities

i=k

Qopi * 151 9514

[pr.units/time per.] (49)
The material flow system is defined by the routing bet-

ween operational groups. The sum of the operational groups in-
the system is the work-in-progress quantity,

The operational groups Qopi have to be divided, on the
basis of production plans and production costs, into batches
which are characterized by the optimal number of pieces

r 1
Mopt (Pr.units/batch |

The value of “"opt" is conditioned by the quantity of
operational group Q » by the throughput time and by produc-
opi
tion costs.

On the basis of “"opt" the number of batches is given
as:
Qo i .
S« 221 [batches/time per.] (50)
opt

A reduction in the number of batches decreases the set-
~up costs and increases throughput times and work-in-process
costs. And vice versa.

Th_ work-in-process quantity 1s in this case equal:

jum f=m

Q. = L S = ¥ |

/n batches (§1)
N gy juy oPi"opt [ ]
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2.2 Cycle time

is in the case of this type of material flow, determined by the
time interval between the input or output of two consecutive
batches of pieces and is given as:

ot 5 [time units/batch] (82)

.2.3 Universality of system

is determined, as has been shown, by the capacity/load ratio

and, with this type of production system, is higher if the

value of interrelations between work stations "«" and similari-
ty coefficeent "a" are higher, and lower if the number of nrocess
stages is higher. The higher degree of universality requires
larger flexibility of the system structure. The process layout
has a high degree of universality.

.2.4 The degree of functionality of the process

depends with this type of process, on the method of Transfer

for the parts from operation to operation, which can be in seri-
eés in parallel or combined, The degree of functionality fis

given as:

1 T
f = TCt . ?tm (53)
cp T t* ) 4
€t gt

In the given exnression the value Tct is, in a great meassure,
different for the series, parallel and combined method of trans-
fer of parts through thessystem. For a given layout of work
stations the value "f" is rather small because of significant
differences between the Tcp and TCt values. The maximal value

is equal to one, which s, hypothetical and illustrated the

cas2 where the system works without losses of time. The level

of functionality degree is the indicator of the quality of tne
process organization.
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2.5 Set-up time

in this type of materia) flow, represents the tine acccrzeg T
setting-up each batch of parts, dccording to their Shape, Wt
technoiogicai comnlexity, Numaser of dimensions, condition ¢
work and similap characteristics. In the case of individyal

for al Operations, [p Conditions of Group flows set-up-ti.. ,.
Calculated for the bateh of Parts in the limits of operatig,
aroups, {n the given Case, for a1 of Operationg, For sucn cun-
ditions, the Set-up time falls proportionaliy or it increassas

2.6 Work station eQuipment

The equipment of work Statfons, {p this case of maters:;
flow, has 2 high degree of universality with Speciall ynpigg (ne,
work Centres, Coppying, etc.) at Same of the work Stations, Tne
tools, Jigs and fictures are designed in dccordance with the

tain operation, ig On the greater number of m-0perations, smal-
ler than Capacity kk of the O0bserved station, 1, Order to gat
¢ Settep d2gree of Utilisatiogn at the work Stationsg where:




T'i < kk (greater nuiver of m=-operations)
The systems of this kind require a layout of work statiors known
as CELLULAR LAYOUT and is characterized by the performance of
all operations on the operational group in the same cell, Lay-
out of this type, based on the principle of minimal distances
and minimal backflow routes, allowed an increase in machire ca-
Pacity, a reduction in the tooling investment, reduction in set-
ting costs and reduction in operation costs.

In contrast to the discrete flow processes with process
Tayout of work stations (Fig.23) in which the components of dife-
ferent operational groups passes through the workshop in dig-
crete flow processes with cellular layout of work stations the
component of only one operational group passes through the cell.
The basic structure 1s shown in Fig.26.
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The basic performances of this type of production process
are:

3.1 Work=-in-progress quantity

The quantity of peaces in the all of phasses "i{“ of each
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¢2il is given as:

J=p
Q; = & q; [units] (55)
jat d
where:
P - 1s a number of position 8t qach work station.
The total work=in-progress quantity in each cell s
than:
fam :
Q, = 151 Q; [units] (56)

For the production systems with more than one cells work=ine
“Process quantity fis

N c=N .

Qp = I a_ [units] (57)

n csl n

3.2 Cycle time

In the case of this type of material flow cycle time 1s
determined by the time interval between the fnput or output of
two consecutive components 8s follows:

AR

kK, (T ¢

¢ = I (T-m ) PF. units |
I q.(: ¢t
Jo1 3 qay 117

where
kk = {s the cidpacity of observed system part

t11 - Operation time on the 9iven work station

qJ * quantity of the component "3“ 1n operational group.

Cycle time 1 changeable with component complexity in
operational group.

$3.3 Universality of system

is given as capacity/load ratfo and with this type of produc-
tion system 1s, for cach of cells, lower comparing with process
layout of work station,




»3.4 The dezgree of functionality of the process
(operating time/throughput timae)

fs, as 1t 1s shown, given as:

m
ct i
e * Teom (59)

cp
Tct’ 1f1tmo1

As 1t 1s obvious the type of layout affects the throughput time
88 shown 1n Fig,27.
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J=k

v e (3)

* (j:1 G347 t44 ) max
Kyer * “k > 1 (60)

and by the condition that the total time Tf, needed for a cer-
tain operation, is, on the greater number of m-operations,
greater than capacity kk of the observed part of the system,
The production systems of this type are flexible enough whecih
enabled by the building of interoperational buffers between
work stations. The basic illustration is shown in Fig.28.
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Continuous flow processes with free cycle time present
a ganeral model of material flow in 1ine layout of work places
from which the rest of the cases can be derived even to the
final case - one product line. In a function of load/capacity
ratio of each work stations working place contains, in a gene-
ral case h-working centers where:

h = 1,2,3,...,U units.

The components are passing in parties through the process
from orne to the other work station without backflow by which
the interoperation buffers enable the increase of flexibility
rate of the system. The material handling by the system of free
cycle time ( unbalernced operation times) is working as:

1. Free handling ecuipment (Fig.29):

- manually operated flor type system with two wheeled
hand trucks



The cycle time cannot be less than the longest component

throughput time. Because group layout brings the work centers
used to make each part close together and under the sanie super-
vision it reduces throughput times and make possibie Lo work
with shorter cycles than it is possible with furnctional layout.
It also makes it possible therefore to work with a much - . “lar
fnvestment in stocks.

.3.5 Set-up time

The group approach in the layout of production svstems -
callular type - discovered that long setting-up times are un-
necessary. The setting-up time is given only once for all of
the parts in operational group because they are suitable for
the same tooling, pre-setting of tools and complite rething of
improvement possibilities of produ¢tion processes.

.3.6 Work stations equipment

The basis of group approaches as components simfilarity
in shape, dimensions, quality and quantity of peaces introduces
a development of tooling families which reduces the tooling 'a-
vestment. The traditional method of making special tocling for
each operation for each component is extremely wastefu: cf moncy.

** CONTINUOUS FLOW PROCESSES

Continuous flow processes comprise the cases 4, 5 and o
of general model of material flows of production systems as il-
lustrated in Fig.23 . They are characterized by a higher load/
/capacity ratio, lower degree of flexipility and by the sane
wequence of operations for 211l of operational groups oopi' The
basic values of such a system are given as follous:

.1 Continuous Flow Processes with Line Layout and
Free Cycle Time (Case < :n Fig.fB

The material flow in this case of productica systen i3
determined by load/capacity ratio in the fowrm ol
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2. Conveyor handling system (Fig.30) which can be build as:

- mannually operated flor type railsystem with platforms
- belt or slat conveyor

= roller or wheel conveyor
- monorail and hand operated crane,
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The basic performances of continuous flow processes of
free cycle time are:

.4.1 Work-in-progress quantity

The work-in-progress quantity at one phase of the process
is given as:

Q J;p [ it ] (61)
a q pr.units
vhere: .
p - {s a number of position at each work station




The total work-fin-progress quantity is than:

fsm
I Gt 0 [pranits) (62)

where

Qb - is the quantity of components at each of interopera-
tional buffers.

4.2 Cycle time

As it is shown in the previous case the cycle time vary
from component to component in a form of:

{amy
L (151 t11)g
fo * ToE——r [time units/pr.units)(63)

I gzt
jut 3(1-1 1)

«4.3 Universality of system

is given, as 1t i3 shown, as capacity/load ratio in a form of:

Ky Ky
R iy 1 3 (64)
(th MITE

The capacity/load ratio presents the possibilities of
$pace structure of the system or possidilities of relations
between modes in system's struciuro. Thanks to the ability of
buffer instalation the universality of this type of production
system is still rather high,

4.4 The degree of functionality of the process
(Operating time/throughput time ratio)

The degree of functionality {s given as:

r . st !

) po o 6‘%11 (65)
¢t {

cp mof




[+ is obvious that the method of the crossing of components
from operation to operation affects the total throughput time
and makes the degree of functionality more or less diferent.

.4.5 Set-up time

presents the amount of time needed for setting job and is given
once at the begining of the process. for these reasons i1t does
not present a value of special significance which makes the
systems of this type considerably more effective in valuation
to the systems of discrete flow.

.4.6 Equipment of working stations

The needs of working stations equipment decreases for
this type of production systems because of decreasing of com~
ponent structure in operational group which enables a higher
degree of mechanisation and automations of work stations. The
tools are designed according to group principle.

.2 Continuous Flow Processes with Line Layout and
combined Free-Forced Cycle Time (Case 5 in Fig.23)

Continuous flows with free-forced cycle time are defined
by load/capacity ratio ina form of:

(J;k . ‘t(J))
. L o910 541 min
Krer ® LA r 3 ! (66)

and present flows of narrow structure and increased quantities
which enables the balance of operation times in considerable
higher degree and decreases the need of buffer stations. In
that way the speed of material flow is increased and the layout
ifncreased and the layout costs are decreased. The i11us tration
is shown in Fig.31.
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As 1t has been shown in a previous case in a function
of load/capacity ratio work stations contain h-working centers.
(units) where:

h s ‘.2.3.....0 [Uﬂitl}

The componetns are passing through the process without
backflow. At the places of a higher unbalanced times the inter-
operation buffers are established. The cycle time 1s forced for
the parts of the process where the operation times are balanced
and free where the operation times are unbalanced.

The material handling system is built as adjustable hand-
iing system which has the roll of materfal transfer without
function of fixture during machining operations. The {lustra-
tions are given in Fig.32.

a} machinning process

z
[’_TT_‘J '

Fig. 32

b) assembly process




. ey - i

The basic parameters of continuous flow with free-forced
cycle time are given as follows:

«5.1 Hork-in-progress quantity

is determined by the structure and quantities of components in
operational group and by the number of process phases. The parts
of operational group enter the process one after another in ac-
cordance with cycle time which is, as shown, adjusted for each
components. In accordance with the environmental requirements
the 1ine has to be adopted in the sense of finishing a certain
quantity of one and the starting next component. The workeine-
“process quantity, as shown previously, is:

{=m

Q, - ‘f’ 031 * ‘f‘ Q, [pr.units] (67)

+5.2 Cycle time

The cycle time 1s given as:

{om
LENHMAL I
"¢ * To% (1.m : (time units/pr.units] (68)
I gLt
3.1 J 1.’ 11 J

The cycle time is by this type of the process in a great-
er measure balanced than in previous case due to the more homo-
geneous operational group.

+5.3 Universality of system

The degree of universality of tbo system of this type s
lower than one of the system of conttnuous flow with free cycle
time,

.5.4 The degree of functionality of the process
(operating time/throughput time ratio)

is given as T Y
© — (69)

¢p
Tcp’iiltuoi
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Because of increasing similarity in shape, dimensions
and quality the degree of functionality s ‘more close to one
than in previous case.

5.5 Set-up time

is decreased compared with the pProcesses with free cycle time
on the bases of greater similarity,

.5.6 Equipment of work stations

The work centers of this type of the process are adjust-
ed to the requirements of component characteristics and present
to the certain extent integrated system of increased degree of
automation.

.3 Continuous Flow Processes with Line Layout
and Forces Cycle Time (Case 6 in Fig.23)

The production systems of continuous flow processes with
1ine layout and forced cycle time are defined by load/capacity
ratio as follows:

(L Q. it..)
" Ji i1 ‘min
Kgop *° —L : >> 1 (70)

where “k" i3 a small number of components and in extrem case

can be equal 1, In that case system 1s getting layout in a fornm
of one product line. The operation times are completely balanced
which means that system can be established without interopera-
tional buffers. The basic structure of the system of this type
is given in Fig,33.
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In a given system the components are passing through the
process fixed on tooling system (jigs and fixtures) which pre-
sents the integrated part with transportation system themselves.
Cycle time is, due to balanced operation times, closely equal
to all of components and on a)l of working stations, The struc-
ture of production system of this type is characterized by
maximal efficiency, low flexibility, and integration of system
elements.

The production system of this type is given in Fig.34.
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The basic parameters of one product 1ine production
systems are given as follows:

.6.1 Work-in-progress quantity

Work-in-progress quantity includes all of components
which are in the process of mashining. The total value of work-
-in-process quantity contains:

.1 Components in the process of machining
This type of stock is determined by the nimber of:

- work stations
= work centers (units) on each work station and
-~ positions on each work center

and can be calculated on the bases of expression:

{sm

Q, = I M

I e (pr.units] (71)




where
M1 = number of work center units at each work station

Py = number of positions at each work center

1 = number of process operations.

«2 Components in the process of transportation
The amount of components is conditioned by the material
handling system capacity and can be determined by:

Q, = 5P [units/batch) (72)

where
L - the lenght of material handling system

1 - the distance between components or batches on the
system
P = the batch size. For the situation that:

pe1
components are passing separately through the System.
.3 Spare components

are determined in the function of the probability of appearan-
ce of down time, Spare components are needed to prevent distry-
bance of cycle time and failure of work process.

6.2 Cycle time

The cycle time of one-product line is given as:

k

k.3

r =
c

I

(time units/pr.units] (73)

LD

J
and is equal to the operation times in a gense of:

l'c = t1 = tz ® i ym tk L ooc.-tmc

.6,3 Universality of system

is given as capacity/load ratio in a form of:
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1= {a}
where
m = the number of operations.
The degree of universality 1s, in a given case, extreme-
ly low,

.6.4 The degree of functionality of the process
(operating time/throughput time ratio)

The degree of functionmality 1s given as:

{=n
A
T 14 met
f s Tct - "; . v 19 (’s)
cp cp 1 ]

and s as close as possidble to the value of one.

6.5 Set-up-time

includes the time needed to get line into production. Mence,
it is minimal “{n comparing to all other cases from | to 6.

.6.6 Equipment of work stations can
can be classified into three basic categories:

- manual
= mechanized

There are lines that utilize only one type of machine
while by other lines these three categories of work centers
exist side by side.
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4. CONCLUSIONS

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

Dynamic changes in environmental conditions require a
constant effort to develop production systems with higher deqree
fo flexibility in order to meet the demand for an constant in-
crease in output values such as productivity, quality and pro-
fitability.

The introduction of Group Technology could be a qood base
for increasing of flexibility and output values of production
systems, It brings many advantages and more effective approach
based on analyses of component processing needs and then de-
signing of material flow structure, work centers, tooling for
group production and finally it looks forward to higher degree
of automation of batch production. On the basis of carried
studies 1t is clear that the effective planning of technologi-
cal development is impossible without knowing the characteristics
of components of production programme. Ideally technological
development schould also follow nationalfization of products and
parts to avoid making tools which are not needed after rationa-
lization on the way shown in Fig.14.

In a2 shown way Group Technology is an usefull new philo-
sophy based on the simplification of material flow which can
increase the flexibility of production systems.

“k
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