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MATERIAL FLOW IN FLEXIBLE PRODUCTION SYSTEMS

Peter KOSTAL®, Andrea MUDRIKOVA 2, Daynier Rolando DELGADO SOBRINO?

Abstract The main aim of this paper is to resolve mateimls in systems, by describing the situation of
flexible manufacturing systems laboratory and tokenthe designs of arrangement of these flows, to
make design variants of spatial arrangement of ldli®ratory. We planned to create at Institute @fim
ufacturing systems and applied mechanics the laboyaof flexible manufacturing systems. This labora
tory is planned to equip with a turning and millingachine centers, conveyors, automated storage sys-
tems and industrial robots. This laboratory willsdrie more qualitative class works for students dond
easier the start to praxis
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1. INTRODUCTION of time needed to manufacturing. The rest of time i
spending by manipulation, transport and storage.

The flexible manufacturing system contains some
CNC machine tools supported by industrial robot for
fhaterial handling. This system is designed to maawuf
turing a group of similar workpieces. The systerahia-
racterized by its internal material and informatitow.

. : The manufacturing process represents a complexnayna
Toqay.’ tdh.e.(;narllfet IS chz_;ll_rr?ctenzed by §trate_gfof € jcal process included technological, manipulatiord a
sumer’s individualization. This strategy is oriehteo . ..o operations.

consumer’s requests. Consumers want new produdts an | "so o ot our national grant we build a new robo-

t'mz bepomesbfun((:ijamentall task tq their Tat!sfacﬂm tized laboratory of production systems. This labama
productionas broadening, innovation cycle is sti@te | he connected directly to our CAD laboratory Iy

2ndht.he products_ ha\{e r;]ew shape, material andlcﬁtungt ternet. One of the main target of this project udding
t this strategy time is the most important paraman the paperless production environment.

thefimprov;rper:_t IS its sr(;ortﬁning. -]I:he p:oddq;;titmtlcef- The production process will be planed and simulated
gy focused 1o ime need change from tradiionalciun - o cap laboratory and after a successful simulatiglh

tional prod_uction structure to productiqn by fldgip be sending the production data to production sydigm
manufacturing cells and lines. Production by fléxib internet connection.

celrl15 (.FMF?) lis the mostTirr]r_lporgglmt m?]nu_fa%turing_lm The production planning and simulation process will
ophy in the last years. This philosophy Is basedion- be realized in virtual production space at computée

larity: advantage of this approach is the very easy andes

*  similarity of manufactured parts, sibilities of any change. This means also changethé

* similarity of process plans. whole product design, part design and productiotess
Recognizing the similarity of manufactured parts al gesign. This possibility is so interesting for isthy, be-

lows grouping them to groups by machines requied t cayse any changes in product design or production

their manufacturing. By manufacturing of this groob  process design is very expensive and this approach

parts we achieve economical effect besides the prass  opgples applying time shortening, cost saving amd p

duction. o _ _ duction process tuning up.
By some study the existing manufacturing capability

of machines used is only of 30 to 40%. The other re
sources say that technological processes spend5éaly

The production strategy in the second half of 68 2
centuries was characterized by effective usingeaficht-

achieve a maximal volume of production — the small

shortening if production cycle has significant efféo
production volume in mass production.

2. MATERIAL FLOW

The material flow is one of the most expensive sys-
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Transport and handling subsystem is generally dne o why?
the most important subsystems of the manufactisysg
tem. It is intended for the transport and manipoiat v
with main and supply material, manufacturing tools *
(tools and tool holders, fixturing, equipment, ssalcar- 4 Y | i | what

riers and others) and with the waste. Used featafes | what? | [where?| [when? | | how? | | who? | jsystem?
inter-operational transport and handling are depetdn
geometrical shape and weight of transported materia

Y A J A 4 h J Y Y

parts an(_JI tools. Automation of har_ldling in manuisicg |materia|‘ + | motions | + | methods | = ‘So|ution‘
system is enabled by technological pallets (holdsrs
another element with this function, e.g. fixture$he Fig. 1. Material flow formula.

part is clamped outside a machine workspace owto te
nological pallet and transported. The part is pos#d  transport and storage of material as these aetvidire
and clamped into position for machining. Technata§li  expensive and do not improve the material valueredi
pallet serves at the same time as a transport palle systems for handling, transport and storage prowde
The other objects for transport and handling ace pr great number of possibilities for the applicatiohex-
duction devices representing the needed technalbgic pensive and complex systems. The optimal desigalgho
equipment of workstation and they are requiredéali-  contain minimum storages, transport and handling.
zation of specific operations using a correspondeat  Hence, the suitable way before the elaboratioretditbd
chine. These objects are transported to workstation system solution is to minimize the mentioned atiési
sets or in parts in case when some of them create-u It is necessary to take into account a great inaoet
tachable part of standard workstation equipment. of the dependence of material flow and following-el
The waste is removed from workstation by transportments of manufacturing system:
system specifically designed for this purpose. ffaes-  « \Workstation and its capacity, incorrectly designed
port system for supply material (cooling fluid, fidant capacities induce unbalance materials flow, ressurc
substances and other) is built similarly. cumulating, and necessity of buffer stocks, cormtain
Devices for operational handling are solved modular and addition handling operations.

ly. That means that to one machine more types ef®p . |nformational flow and the system controls, proper

tional handling devices can be connected accorthing regulation of manufacturing tasks entering the sys-
the type of machined part. Operational handlingds- tem, synchronization of purchase, manufacturing and
trolled by machine control system because it iateel to expedition, coordination of manufacturing system
the technological devices performing a technoldgica  control by transport system, while all of them have
process. Manufacturing system control is connetted significant effect to material flow plan (Fig. 1).

the inter-operational transport and handling. All features of manufacturing system must be

Storage system is an important part of the flexiblepjanned considering mutual interactions and vetibig a
manufacturing system. It provides effective entnda sjmulation model before the system realization.
storage (holding) of a number of raw products, semi  From the point of view of manufacturing and materia
products, parts, tools and others. To this typeth-  fiow, it is about mutual connections and formatioh
mated storage belongs for example the shelf sta@me  material chain. The main aim is the mutual coortima
The storage capacity and parameters depend on-necesy il material flows and assurance of the efficierf
sary material reserve for fluent production andteon material flow between individual segments of a nhai
nuous manufacturing system. Automatic shelf storage material flow analysis is one of the main parts of

contains the following main elements: production process analysis. The type, quantitjyme,

* shelf construction, mass and dimensions of manipulated material have

 automatic rear or stacker devices, strong influence to possibilities of manipulatistgrage,

» device for palette relocation in container, packaging and transport. During material flow asely

« device for palette transport from container to $ran we observe the important material movements between
port system, materiel incoming and outgoing stations. The method

« technical resources of automatic control system. used for analysis are similar for both production

Necessary condition for operation of integrated- sys processes and material flow processes (Sankeyaiegr
tem is integration of materials and informatiornvfladhat ~ CRAFT, coordinate methods, networking methodsgline
means for example automated transport and automatigrogramming, value analysis, etc.).
tools exchange. At material flow analysis also we usually analyke t

Production system is characterized by the possibil transport stream, this being an analysis of tramnspe-
of processing the arbitrary part from defined golgy  vices organized movements. Observed information is
given manufacturing procedure while the rebuilteifor ~ characterizing the communications loadings. We s&m
a new production task is very short. Primary featir  the crossings of material flows, communicationadiag
the flexibility. and unloading stations and transport device capasi
ing and other. On the base of this analysis we helle
view to transport device quality and quantity tdde
other useful information from this analysis is theeded

In the process of material flow planning, it isces-  structure of operators (number, qualification, gepi-
sary to consider the fact that the aim of the pdamot the  cal position).

2.1 MATERIAL FLOW PLANNING
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Fig. 2. Example of triangular material flow description.

The networking analysis methods are very usable for

flexible production analysis. They allow the timiagd
coordinating a lot of operations participle in puotion
process. The base idea of these methods is th&oke w
production process is transformed to oriented gr&yh
processing of oriented graph (time, cost, capaaitsly-
sis), we can get the optimal production processifrmal
cost, minimal time) and we can see the cruciaviigs
of production.

One of the most usual method to material flow repre
sentation is a triangle net method. The triangle afe
relations (Fig. 2) describes the factors and refatibe-
tween a workplaces which acting to material flovae$e
factors and relations must be classified and etedua

This classification and evaluation is the analytaa
tivity what need the exact knowledge of given ditua
from the several specialized aspects.

Assigning the classification character usually esfr
ponds to specific solvingin project layout. Fortbetvi-
sualization are suggesting using the several cdiors
classification.

Objectives for the development and control of optim
al material flow chain are:

» cost saving,

» powerful capacity along with the minimal resources,

» short passing through times and minimization of-sto
ing times,

e quick and simple holder motions,

» high flexibility of forwarding and articles quality

» high level of work and failure minimization,

» high transport and storage quality,

» humanization of workplaces.

3. MANUFACTURING SYSTEM

In flexible production system is included one teet
technological devices that can work in automatedkwo
ing cycle. This system can have flexible reactimman-
ufacturing change in some limits.

After a program changing it is possible to manufac
ture other type of product. The manufacturing ang-s
porting devices are not specialized. These kinfleod-
ble manufacturing systems are dedicated for batoh p
duction, where the produced parts changing arézeshl
by data change in machines control system.

Effective using area for flexible production systeis
a medium batch production. In this area it is pussi
using the high manufacturing capacity and highilflidix
ty of production systems. The production costs appr
imate comparisons between flexible and nonflexgyls-
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tems shows that the production costs in flexiblsteays
are somewhere about one half of cost as in notllexi
systems.

The higher efficiency of production is a resultbet-
ter using of flexible production systems devicestga
mated 24 hour working) and reducing the supplenngnta
time.

Disadvantages of flexible production systems are
usually the higher investment cost, control system-
plexity and possible break outs of non standardcesy

The existing principles of machine plant design be-
come to be improper and a completely new concept of
manufacture and control design is gained ground.

The requirements for the new manufacturing system
design are as follows:

o flexibility,
e productivity,
e quality.

Requirements set by product to manufacturing space
result from product size, mass, type of constructioom
its position in manufacturing program structure gmod-
duction volume. Size and mass of the product determ
the needed manufacturing, operating and storageegla
Product constructions assign the process of manuéc
and the further technologically constraint taskuseges
which form the base for general plant design ite t
manufacturing device arrangement and space stamuctur
formation. Entire plan comprises material, inforioaf
power and personal flows.

Signification of particular flows of manufacturing
system composition is dependent to the manufagiurin
process of a given product. In case of transpartadel-
ing production, the arrangement of manufacturingees
focused on the materials flows is critical.

Size and mass impose requirements to spaces from
the aspect of necessary place. Production spacé mus
provide workpiece input and output, supply material
and allows transport device locomotion.

The flexible manufacturing system contains two CNC
machines (lathe and milling center) for technolagic
operation (machining) realization. These machines a
served by one industrial robot on raild. 3.

The material moving is realized by conveyor. This
conveyor integrates the whole manufacturing system.

Fig. 3.Flexible manufacturing system.
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[10] N. DaniSova, E. Hrudkova, K. Velieldpplication of
sequential diagrams in manufacturing assembly , cell
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Symposium, ISSN 1726-9679., Vol. 20, No. 1, "In¢eht
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[11] N. DaniSova, M. Charbulovdesign of additional check

The next device of this flexible system is thelshe [3]
storage for raw material and finished parts starage

The second industrial robot serves the checkostati
In this station the dimension and shape controltipgra-
tions by camera system are realized.

4. CONCLUSIONS

In the last years, the cell manufacturing beconres o
of the most important manufacturing types. Thisosgnm [5]
tion is based on the relation between manufactucilp
and workpiece. Flexible manufacturing cells alloa t
manufacture the small number of parts from the huge
range of types and to achieve good economical tsffec
besides to large batch or mass production. The faenu
turing cells structure enables to connect machamesto
save the production time, space and productiorscasst
well. Functions of machines are coordinated andrbe
terial flow can be fast.

Manufacturing process of components, parts or final[7]
products is usually not realized in single workplathe
manufacturing logistics solves the tasks concerming (8]
ganization of material and information flow in méaecr
turing. The importance of manipulating and transpor
devices is underlined by the fact that more tha¥t 50
time needed for manufacturing is spent by manimnat
and transport. Automation level of these processes
generally smaller than automation level of techgwial
processes.
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