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Many practical benefits, such as superior quality of products and short
manufacturing lead times, are usually associated with Cellular Manufacturing.
These and other benefits can lead to important competitive advantages of
companies. However, to fully achieve these benefits there is a need for an
evolution from the traditional concept of CM to the more comprehensive one,
which we call Product Oriented Manufacturing. Here systems are dynamically
reconfigured for total manufacturing of complete products, not parts only.

In this paper, we make a contribution to better understand the nature of
cells and POM Systems. Thus a classification framework is presented of the
different types of cells that might be formed and seen as building blocks for
POMS.

1. INTRODUCTION

Traditionally a manufacturing cell has been identified as a system dedicated to the
manufacture of a family of identical parts. The manufacture based on a setting of
such cellsisusually referred to as Cellular Manufacturing.

A more comprehensive definition of a manufacturing cell points to a
manufacturing system that groups and organizes the manufacturing resources, such
as people, machines, tools, buffers, and handling devices, dedicated to the
manufacture of a part family, or the assembly of a family of products, with identical
or very similar manufacturing requirements. Therefore important economies of scale
can be obtained producing for economies of scope, i.e. for avariety of products.

This approach of identical or very similar processing of similar objects is known
as Group Technology (GT) (Gallagher, 1973). It is for this reason that
manufacturing systems based on cells are frequently associated with GT.

The problems to be solved in Cellular Manufacturing Systems (CMS) can be
classified in cell design and cell operation problems.

Arvindh and Irani (1994) identified four classes of problems to be solved in the
design of cellular manufacturing cells, namely: machine group and part family
formation, machine duplication, intracell layout and inter-cell layout. These
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authors argue that such problems are closely interrelated and must be solved
integrated and iteratively. They go on proposing a method for cell design based on
this integrated approach. Nevertheless, most methods and models that have been
proposed only solve one or some of the identified problems in a manner that do not
take in consideration all the referred interrelationships [(Suresh, 1998), (Moodie,
1995)]. Due to this, the results from such methods or models tend to be somewhat
inefficient and, in many cases, of little practical value.

In addition to the design problems pointed out by Arvindh and Irani, operation
problems must be solved. These have to do mainly with production control
including scheduling. For these a variety of methods have also been identified
[(Suresh, 1998), (Moodie, 1995)].

CMS are rarely designed having in consideration the need for parts production
coordination for making complete products or meeting customer orders of end items.
Thus, the need for quick response to customer requirements, which is recognized as
an important strategic objective, is not taken explicitly in full account. This
limitation however has been addressed in recent years through a variety of systems
interlinking a number of cells. A paradigmatic example of this is the Quick
Response Manufacturing system as referred by Suri (1998).

2. GENERIC CONFIGURATIONS OF MANUFACTURING
SYSTEMS

Traditional Manufacturing Systems may be classified in two major classes, Figure 1:
Functional Oriented Manufacturing Systems (FOMS) and Cellular Manufacturing
Systems (CMS). The former are characterized by the functional organization,
frequently also referred to as process organization (Burbidge, 1996). Here, work
flows between functional departments or shops according processing requirements.
Cellular Manufacturing can be seen as asimplified form of product organization that
carries out production in manufacturing cells.

Usually a variety of different jobs, i.e. parts and components, or even one-of-a-
kind jobs, are concurrently manufactured in FOMS in a complex network of
workflows. Due to this and frequent system overloading for improving system
utilization, work in process and manufacturing lead times are usually high and
achieving due dates can be difficult and unpredictable. Trying to reduce drawbacks
of FOMS through inventories can be acceptable in some cases but this can be costly
in varying and dynamic customer demand environments.

CMS are organizationally very different. For achieving its purpose a CMS B
made of complementary workstations at each stage of processing, according to the
need of the family of similar jobs to be manufactured.

Important similarities of jobs of a family, in the context of CMS, have to do not
only with the share of same manufacturing resources and processes but also
commonly with similarity of sequence of operations, materials, geometry, tolerances
and volume of production. This makes identical the manufacturing, including
handling, transport and storage, of apparently differentjobs.
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Due to the product oriented nature of CMS, not only higher productivity, lower
WIP, lower throughput time and better production control can be expected but also
higher volumes of production can be better dealt with than within FOMS. Because

of this, CMS can be seen as instrumental to achieve what Skinner (1974) defines as
afocused factory.
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Figure 1— A generic and interrelated view of aFOMS and aCMS

3. CONCEPTUAL MANUFACTURING CELL
CONFIGURATIONS

Five different flows of work can be identified in a manufacturing cell, namely direct,
direct with bypassing, inverse, inverse with bypassing and repetitive, Figure 2.
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Figure 2— Workflows in manufacturing cells (adapted from Aneke, 1986)
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Repetitive flow means that the same workstation is required in sequence twice or
more times by the same job. It is the combination of these flows that differentiate
cell configurations.

3.1 Basic Cell Configurations

Workflow in cellular manufacturing should preferably be direct, with every job
having exactly the same number of operations. We name a cell with these
characteristics as a Pure Flow Cell (PFC). If the number of operations is not equal
for all jobs processed in direct flow and, additionally, bypassing flow is allowed,
then we could say, that we have a more general concept of flow cell and call it
General Flow Cell (GFC). In the more general case we can consider unrestricted
direction of the flow of work and call the cell General Cell (GC). Therefore, not
only direct with bypassing, but also backtracking or inverse and repetitive flow can
be allowed. This GC cell case applies when both the number of operations and
operations sequences are not identical for all parts of the family. Clearly this
situation is more difficult to manage and explore than the much simpler direct flow
cell, with or without bypassing flow.

In addition to the cell configurations above referred we identify the Single
Workstation Cell (SWC) configuration. Clearly, from workflows shown in Figure 2
the repetitive is the only one that might be available in such a cell. This does not
exclude the possihility of workstation intra-flow, which may be seen as a repetitive
flow within the same workstation, taking place between its parallel processors, if
they exist.

To the four configurations identified we call Basic Cell Configurations, Figure 3.
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Figure 3 - Schematic representation of the four Basic Cell Configurations
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These have their counterparts in the theory of scheduling. Thus, the PFC, the
GFC and the GC may be respectively associated with pure flow lines, general flow
lines and general shops [(Baker, 1974), (Brucker, 1995), (Blazewicz, 1996)].
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Although a cell may work as a general shop, or as its job-shop instance, the
tendency is to avoid such situation because this would require complex control at
various levels of production.

Some authors, talking about cells focus only on the flow type configurations.
They refer cells and lines as being identical concepts. In fact the distinction between
the two can be difficult to make. Such distinction seemsto be based more on matters
of system operation and manning than on the nature of the flow of materials. Thus,
for instance, such difficulty is underlined by Schonberger (1983) when says that “...
cells and production lines are cut out of the same cloth” and by Black e Schroer
(1988) who state, comparing with lines, that “ the unique feature of a cell is that the
cycle time is not dependent on the manufacturing time of a particular machine”.
Apparently it seems that cells are different from balanced manufacturing or
assembly lines. However there is no reason why we cannot have balanced flow lines
manufacturing a family of parts or assembling a group of similar products, which is
the same asto say balanced cells.

The SWC configuration is a more general case than single processor or parallel
processor systems referred in scheduling theory. However a strong approximation
exists. This is because the workstation may in fact be provided with a single
processor or with afew parallel processors. However, asreferred above, they behave
as a more general system because repetitive work is considered and inter processor
flow of materialsis allowed, for instance, when more than an operation of ajob isto
be carried out in the same workstation having parallel processors.

3.2 Non - Basic Cell Configurations

A typical problem in the formation of cells is the unavailability of enough replicated
manufacturing resources, i.e. machines, to be allocated to different cells. Thus, to
solve the problem two strategies are usually followed. The first looks for enlarged
part families as a way of sharing scarce resources, which are then allocated to fewer
cells. The main aim of this strategy is to keep manufacturing of the entire spectrum
of parts of each family in itsown cell creating this way independent and autonomo us
cells. We could say that there is a gain in autonomy but a probable loss in cell
efficiency. In fact the similarity within such enlarged families, as a result, is reduced
making manufacturing more complex.

The second strategy configures two logics. In one, cells share their resources
with other cells, allocating load to process parts belonging to families initially
alocated to other cells. In this case inter-cellular flow of parts takes place. In the
second logic, some resources are independent and shared by more than one cell.
Irani, Cohen and Cavalier (1992) call this arrangement hybrid layout considering
that shared resources are organized by function. In both logics, however, we can
observe to exist shared equipment between cells. So we also interpret these cells as
shared cells. The result in both cases is disturbed flow of work in any shared cell.
So, the disturbing behaviour of work within cells is similar in both referred logics.
This is probably the most important factor affecting operational efficiency of shared
cells. Due to this we do not distinguish between hybrid layout and shared cells,
calling any cell involved in intercellular workflow Shared Cell, Figure 4.
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The set of Basic and Non-Basic cellswe call Conceptual Cells, Figure 5.

An alternative name for the Conceptua Cells could be based on the
independence of processing. In this case we could say that basic configurations
correspond to independent cells and the non-basic to dependent cells.
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Figure 5— Conceptual Cellsin Cellular Manufacturing
3.3  Virtual Manufacturing cells

Virtual Manufacturing Cells, VMC, is a concept initially reported in 1982 by
Simpson, Hocken and Albus, according to Ratchev (2001), and by McLean, Bloom
and Hopp (McLean, 1987). VMC can be seen as dynamic software arrangements of
machines or workstations, of large facilities, to be operated under cellular
manufacturing for a given time period without re-arranging their physical layout.
The advantage of virtual cells stems from the fact that dynamic virtual cell
reconfiguration can easily and frequently be carried out at minimum cost. This is
important under market changing environment to suit manufacturing changing
requirements when and where frequent changes of a physical setting of the
manufacturing equipment are uneconomical and impractical or cannot take place.

VMC may be configured as virtual cell instances of Conceptual Cells.

Ratchev (2001) put forward an approach, quite different from conventional ones,
for the formation of virtual manufacturing cells, of the shared class, in a machining
environment. The approach based on machine processing capabilities can derive a
set of virtual machining cells and the matching part families based on a processing
plan for each part. These plans, expressed in the so-called Resource Elements (RE)
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of the machine shop permits alternative use of machines since more than a machine
islikely to offer the same RE.

34  Resource Combination and Flexibility of Workstations

The identified Conceptual Configurations embraces quite a few instances that have
to do with resource combination and flexibility of workstations. Thus the nature and
quantity of manufacturing resources let them be main resources, such as machines,

or auxiliary resources, such as operators and tools involved in each workstation,

originates different instance types of each Conceptual Configuration and puts
different problemsto be solved at both design and operation of CMS.

Thus, the number of operators and the level of replicated auxiliary equipment,
such as tools, together with their dynamic utilization within cells may substantially
affect, not only the cell capacity and manufacturing flexibility, but also the manner
how cells can be operated. Therefore auxiliary resources largely dtermine the
performance level of manufacturing cells (Silva, 1997, 1995, 1988).

Moreover, cell efficiency and effectiveness, being highly dependent on cell
operation, is also influenced by the configurations of each workstation in a cell.
Workstations may be configured in different ways according to manufacturing
requirements and objectives. They may be simple, provided with a single machine to
carry out a single manufacturing function or be more complex involving three other
situations which may be combined, namely having a) parallel processors, b) multiple
resources or processors and ¢) multifunction processors.

Flow shops having parallel processors have been referred to as Flexible Flow
Shops (Pinedo, 1995) or Hybrid Flow Shops (Elmaghraby, 1997). So we could
consider a flexible flow cell to be a flow cell with parallel processors. The need for
paralel processors may be mainly justified on capacity grounds, operational
reliability and flexibility.

Many times work must be carried out simultaneously using a number of
resources at a workstation. These may include, for instance, machines, tools and
operators. These systems are referred in the literature as multiprocessor task systems
for which a class of scheduling problems is identified [(Brucker, 1995), (Blazewicz,
1996)]. Again instance types of Conceptual Cell Configurations having
multiprocessor tasks can be considered which may be called multiprocessor task
cells.

Further, workstations may be provided with flexible machines capable of
carrying out arange of different operations, usually through changing manufacturing
aids such as tools, numerical control programs and fixtures. This is typical in
Flexible Manufacturing Systems and Cells (Silva, 1988). Cells with flexible
machines can be named multifundion processor cells. A class of scheduling
problems for Multifunction Processor Systems is identified in the literature (Brucker
1995).

From above we can conclude that having in consideration the characteristics of
workstations we can arrive to severa variations on the Basic and Non-basic
Conceptual Cell Configurations. Moreover if flexibility is explored through dynamic
utilization of manufacturing resources and autonomous cells are interlinked to
achieve coordinated production of end items we can arrive to several system
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concepts widely referred and used in practice, which we classify under the heading
of Product Oriented Manufacturing Systems (POMS).

4. PRODUCT ORIENTED MANUFACTURING SYSTEMS -
POMS

Although CMS can have a beneficial impact on manufacturing operations of an
enterprise, the full benefits of such product-oriented approach to production can only
be realized when overall production is considered. This means that, good production
of parts or the assembly of products alone does not mean necessarily effective
advantages for a company as a whole. It is important that customer full orders are
quickly satisfied under high quality and good use of manufacturing resources. To
effectively answer these challenges CMS must evolve to POMS. A POMS system is
aset of interlinked manufacturing resources or cells simultaneously and coordinately
addressing, the manufacturing of a product, and therefore all its components, or a
range of similar products, including all assembly work necessary. A product may be
smple, like a part, or complex, having a product manufacturing structure, involving
several levels. This may be represented in a multilevel bill of materials (BOM).
When the product is simple, a POMS may simply take a form of a cell. Otherwise it
configures a coordinated set of interlinked cells.

This coordination of work among manufacturing resources or cells is one of the
most distinguishing aspects of POMS. A set of cells that do not work under such a
coordination setting, across the requirement of all iters and tasks of the overall and
final product, isnot aPOMS.

An enlarged view of the POMS concept includes logistic operations, mainly
when production resources are distributed in space. Truly, to be successful,
production under this concept must be able to fully and dynamically consider and
involve resources available to a company, over a time period, locally or globally,
either belonging to its own or to potential production partners.

Dynamic reconfiguration of POMSs, under changing market requirements is,
most probably, necessary. This necessity is also justified due to the dedicated nature
of POMSs to specific mix of products which, changing over time, calls for new
arrangements to ensure high levels of operational performance.

POMS may be built by putting together, in alocalized site, manufacturing means
or resources that may be physically dispersed or aternatively, when such is not
possible or is uneconomical, by organizing them in virtual POMS. For this a
methodology should be applied that deals integrated and iteratively with the many
problems of POMS design. Silva and Alves (2001) have made a contribution in this
direction.

Quite a few variations of the POMS concept have been put forward in recent
years. All of them may derive their configurations fom the Conceptual Cells
presented in this work. Some of the proposed and realized POM S draw upon arange
of technologies and methods, not available in the past, in domains such as computer
science, information systems, electronic communications, including intranets and
Internet, mechatronics and company internal and external logistics. Such systems,
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some of which very familiar in practice, are known under names such as focused
factory, justin-time, lean, linked-cell, OPIM, quick response, flexible,
reconfigurable and virtual systems [(Silva, 2001), (Monden, 1983), (Lewis, 2000),
(Black, 1991), (Suri, 1998), (Putnik, 1995), (Chen, 1998) (Tempelmeier, 1993),
(Mehrabi, 2000), (Drolet, 1996), (Lee, 1997) (lwata, 1995), (Camarinha-Matos,
1999) and (Ratchev, 2001)].

5. CONCLUDING REMARKS

To keep up with increasing and changing market demands of today and tomorrow,
companies must be able to efficiently manufacture and quickly deliver good quality
products to customers. To achieve this today companies cannot rely on traditional
organization and operation of systems based on functional departments. Moreover,
cellular  manufacturing based on uncoordinated or loosely coordinated
manufacturing cells is also inappropriate. Present requirements indicate that a more
holistic approach to manufacturing is necessary. This can be achieved through
Product Oriented Manufacturing Systems (POMS) dynamically built of cells or
manufacturing resources, local or globally available, which must be interlinked and
closely coordinated for the total production of complete products, not parts only.
These products may preferably bear manufacturing similarities. Although alocalized
physical set-up for such purpose should be sought, POMS are likely to be more
dependent on virtual reconfiguration when resources are dispersed or are
uneconomical to rearrange.

Faced with apparently different recent and past manufacturing systems, such as
focused factory, just-in-time, lean, linked-cell, OPIM, quick response, flexible,
reconfigurable and virtual systems, we can observe that, in different degrees, they all
have the underlined characteristic of being product oriented systems as defined in
this work. This is why we consider them to be instances of the general POMS
concept.

A framework of conceptual cellsis presented in this work, which can contribute
for a better understanding of cellular manufacturing as instrumental for helping in
the design and operation of POMS. This framework resumes cells to two sets, the
basic and non-basic cells, for which virtual counterparts can be considered. Further,
the nature of cell workstations is explained having in consideration manufacturing
resource combination and flexibility.
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