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Chapter 2 Relationships between cells in cellular manufacturing

Firms that wish to apply cellular manufacturing have to understand the different
characteristics of the planning problems they will face. Literature reports that many cellular
organized firms face problems with the support given by their production planning systems.
Wildemann (1992) noted that 56% of the firms that had adopted a cellular decomposition of
their production system had not significantly modified their method of planning and
controlling the production system. This is remarkable, as many of the expected benefits of a
change to cellular manufacturing are logistical in nature.

Olorunniwo (1996) reported from a survey of US firms the differences in application of
planning and control systems before and after the introduction of cells. He found that before
cellularization, 74.6% of the firms used an MRP system, and after cellularization, 70.9 %
used this system, sometimes in combination with another system for control of a part of the
system (e.g., within the cell). Still, 60% of the firms that used MRP had not changed their
method of planning and controlling the system at all.

According to Burbidge, Partridge and Aitchison (1991), the main benefits that can be
expected from a change towards cellular manufacturing are substantial reductions in material
throughput times and material handling, improvements in quality and accountability, better
trained workers, higher job satisfaction, and a production system that is better prepared for
future process automation. Other benefits that are often mentioned are higher delivery
performance, lower work in progress, easier loading, and a higher volume and mix flexibility.

Many authors see as one of the reasons for these benefits the simplification of the planning
and control problem, see e.g., Kuipers & van Amelsvoort [1990: 103]. They assume that the
delegation of planning tasks and responsibilities to cells leads to an easy to accomplish overall
co-ordination of the goods flow in cellular manufacturing systems. A good hierarchical
decomposition of the planning problem makesthe co-ordination issue within cellular
manufacturing easily tractable.

In this chapter, we question if this is not a far too simple view of the co-ordination issue
within cellular manufacturing. Therefore, we will analyse the requirements for the planning
system that originate from a cellular decomposition of the production system. We restrict
ourselves to the kind of co-ordination1 that is needed between cells, because our study focuses
on planning system design for multi-stage cellular systems. We develop a framework for
analysing the co-ordination requirements between cells.

                                                
1 Note that in our terminology, co-ordination belongs to the task domain and responsibility of the

planning system, but need not be performed by using computerized tools and methods for planning
and control. The planning system is much broader defined than this set of tools and methods.
Moreover, co-ordination is not restricted to planning in a narrow sense, i.e. prescription of the way
of performing the transformation in advance, but includes various types of mutual arrangements.
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We use this framework in our analysis of the case studies. These studies have been performed
in five firms that use cellular manufacturing for their production of parts. Characteristics of
the case studies and their cellular organization are described in Appendix A. We will describe
the specific co-ordination requirements that resulted from their cellular decomposition. Note
that all firms are involved in small-batch metal ware fabrication. The cells they implemented
are mostly hybrid cells with functional layouts within the cells, instead of flow-line layouts.

The chapter is organized as follows. Section § 2.1 presents an overview of the literature on
relationships between cells. Section § 2.2 presents a comprehensive description of co-
ordination requirements. It introduces three types of relationships between cells: sequential,
simultaneous, and latent relationships. The description of these relationships serves as a
framework for analysing the planning between cells. Section § 2.3 shows for the five cases
the differences in both the presence of the sequential, simultaneous, and latent relationships,
and in the way they are coped with. Section § 2.4 ends with conclusions on the use of this
framework for analysis.

§ 2.1 Literature on relationships between cells

We have defined a cell as an organizational unit consisting of a set of resources (workers,
equipment, and information) that is able to process several operations per work order. Cells
operate as elements in a system. We consider this manufacturing system as an open system,
which implies that we examine the interaction of cells with other parts of the system as well
as with elements in the environment of the system. The system boundary decision indicates
that it is useful to distinguish the interaction with other elements within the system and the
interaction with elements in the environment, such as a subcontractor. Both from a contractual
and from an organizational point of view the usefulness of this distinction is clear.

We examine the relationships between elements of the system (i.e., cells, remaining cells) that
are relevant with respect to the co-ordination requirements in the transformation process. The
transformation process consists of all conversion activities or operations required to produce
the desired products and services. A cellular manufacturing system is decomposed into
several cells that all perform a subset of these operations.

Relationships between cells can be identified by examining the interdependencies between
these elements in the system. Thompson (1967) introduced three types of interdependencies
between elements in a system: pooled, sequential and reciprocal interdependencies.

Two elements in a system are pooled interdependent if they both contribute to and are
sustained by the overall system. This type of interdependency between elements is only
indirect in nature, as each element can provide its contribution to the system independently,
but for the success of the system, both will have to succeed in their contributions.
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Pooled interdependent elements are also sequential interdependent if one of them provides
input for the other. Sequential interdependency points therefore towards a more direct
relationship and interdependency between the elements in a system. The output of one
element may affect the other element.

If both elements are sequentially interdependent with respect to the same process, their
interdependency is reciprocal, causing more complex co-ordination requirements between
these elements. Figure 2.1 shows the relationship between the three types of interdependency.

Pooled Interdependency

Sequential Interdependency

Reciprocal
 Interdependency

Figure 2.1 Interdependency between system elements

The interdependencies that are introduced by Thompson are useful in identifying a relevant
aspect of the nature of the relationship between cells. He uses these interdependencies to
identify an effective grouping based on the co-ordination requirements between the elements.
According to Thompson, reciprocal interdependency requires co-ordination by mutual
adjustment, which makes it necessary that elements in this set are clustered. If the size of the
cluster becomes too huge for effective communication, he suggests to use an extra factor for
finding subgroupings: the amount of contingency that one system element poses for another.

Information flow

Material flow

Cell

Stock position

Transformation process

Figure 2.2 Reciprocal interdependency between cells in transformation process
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Thompson’s notion of interdependency does not enable us to identify the actual co-ordination
requirement between cells for an effective control of the transformation process. The reason is
that all cells in the transformation process are pooled interdependent, as they all contribute to
the same organization. If cells are sequentially interdependent, they often will also be
reciprocal interdependent because of the parallel but opposite directed flows of material and
information necessary to proceed with the same transformation process, as Figure 2.2 shows.
Note however, that the frequency of interchange of these flows need not be the same, nor the
consequences of an inadequate co-ordination of these flows. We should therefore further
distinguish the interdependencies between cells that are reciprocal interdependent according
to the definition of Thompson and identify their co-ordination requirements more precisely.

Susman (1976) introduced two types of interdependency between group members in a cell,
based on parallelization and segmentation of their tasks. We will use this distinction in order
to refine the notion of interdependency between cells. Susman considered the situation where
two group members perform the same task in parallel within a period of time. They have a
simultaneous-independent relationship, and the reason for this relationship is the scarce
amount of time. If more time would have been available, the work could have been completed
by only one person. Now they may have to cooperate, and share tools, space, or information.
The reason for the other type of interdependency is task segmentation. In that case, a
sequential-dependent relationship occurs for the limiting factor is the skill of the operators. If
one operator was able to perform all necessary operations on this work order, the work could
have been completed by this one person. Hence, segmentation is required because of scarcity
of skill; parallelization is required because of scarcity of time.

We can extend these relationships to the interdependency of cells. If two cells are able to
perform the same task, we may use this (latent) relationship when determining an efficient
loading of the whole system. Furthermore, if two cells perform simultaneously (possibly
different) tasks that later in the transformation process (e.g., in an assembly stage) are
combined, the time-limited aspect of the relationship between these cells may be used in
designing a more effective co-ordination of the whole transformation process. Finally, we
consider a sequential dependent relationship between cells, as segmentation of the product
flow is an essential characteristic of a multi-stage cellular manufacturing system.

Much of the literature on the design of cellular manufacturing systems stresses the importance
of avoiding sequential dependent relationships as much as possible. Many procedures for the
design of a cellular decomposition try to transform the part/machine matrix into a block
diagonal form2 (see for an overview Miltenburg & Zhang, 1991, Vakharia & Wemmerlöv,
1995). Garza and Smunt (1991, 1994) even state that the main benefits of dedication in a
cellular system are lost if intercell flow of material is allowed. However, segmentation may be

                                                
2 We think it is an omission in literature on cell design that no methods are available that support the

transformation of the part/machine matrix into a form that finds a good decomposition and
segmentation of the system into a multi-stage cellular manufacturing system.
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necessary due to the scarcity or nature of the technology used. Segmentation may also be
intentionally designed into a cellular manufacturing system, even when the above mentioned
factors do not make it unavoidable. In order to understand this, we have to return to our
definition of cells3. Literature generally assumes that the selection of a combination of
operations that a cell can perform should enable it to produce a fixed product family. The
cells are then dedicated towards this family, and flows of material between cells are avoided.
However, avoiding material flows between cells results only in a subset of all benefits of
cellular manufacturing. Other benefits, such as short throughput times, increased job
satisfaction, and reduced quality problems, may be as important and need not only be
obtainable through the dedication to a fixed product family. According to Alford (1994), we
can distinguish two types of dedication in cells. Cells can be dedicated to:

•  a fixed
product family

cells get the disposal of all resources necessary to perform the
required operations and complete this family

•  a fixed
combination of operations

cells get the disposal of products that require a subset of the
available set of operations

The impact of this distinction becomes visible if a design change occurs for one of the
products allocated to the cell such that a new type of operation is required for this product.
This situation is depicted in Figure 2.3. Type 1 cells will add resources for this new operation
to the cell, in order to let the cell remain dedicated to the same product family, as shown in
the upper right part in Figure 2.3. Type 2 cells will redesign the routing of the product, such
that the redesigned product visits another cell for the new operation. The set of operations
allocated to the type 2 cell remains the same, as shown in the lower right part in Figure 2.3.

A B
D

C

C D E

A B C

C D EA B C

C D E

Cells 1

Cells 2

Before redesign
of product II,
marked as

After redesign of product II

Legend:

A

Cell
Resource for
operation

Product I,II,III

I

II

III

Figure 2.3 Product redesign with cell dedication types 1 and 2

                                                
3 We have defined a cell as an organizational unit consisting of a set of resources (workers,

equipment, and information) that is able to process several operations per work order.
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In the second type of cells, the benefits of dedication are not expected from the avoidance of
flows between cells in the system, but from the specific combination of operations and hence
resources in the cells. These benefits may be found in an increased variety and attractiveness
of work and a better work load distribution over the cells. The reduction of material flows
between this type of cells is then not an objective from a systems design point of view. Note
that this distinction between cells does not concern cell layout, but only the relationships
between cells. The type of dedication of a cell causes different relationships with other cells.

Burbidge (1993) distinguished between cross flow and back flow relationships between cells
and used the notion of ‘processing stages’4 in describing these material flows. We view a
cross flow as a relationship between cells at the same processing stage due to the flow of
material, and a back flow as a flow of material from a cell to another cell that belongs to a
preceding processing stage. The main goods flow follows the direction of the processing
stages. Burbidge stated that if cross flow relationships are allowed between cells, throughput
times, stocks and handling costs will increase, quality control will be more difficult, and it
will be impossible to hold the cell responsible for quality, cost, and completion by due date.
Still, several reasons can exist to accept cross flow relationships or even back flow
relationships between cells, at least temporally. Burbidge mentioned two main reasons:
• to support a quick change to group technology
• to accommodate design modifications or introduce new products

The difference in complexity of the relationships between cells can become a useful
distinction in planning system design. Dale and Russell (1983) report on the redesign of a
machine shop and distinguished between simple cells and complex cells, according to the
complexity of the material flow relationships between them. They placed the simple cells in
line such that only simple sequential material flow relationships between these cells remained.
Therefore, these relationships could be controlled using a simple co-ordination mechanism
directed to obtaining the benefits of cellular manufacturing. The complex cells were designed
such that interchange of work from one cell to another was possible, leading to more complex
material flow relationships between the cells. Interchanging work orders between these cells
resulted in balanced queues of parts. This enabled them to meet fluctuations in market
demand. So together the complex cells had high mix flexibility. In this way, short throughput
times could be guaranteed while producing with an overall acceptable utilization rate.

Willey and Ang (1980) showed that changes in part mix and volume can result in an
imbalance in workloads between and within cells. In the case of complex cells (that are not
completely disjoint), these problems were mitigated by transferring workloads between cells.
They used these relationships between complex cells in the control of the production. Several
heuristics were tested and the results of their simulation experiments showed that the decision

                                                
4 Burbidge [1996: 258] defined a processing stage as ‘a stage in processing at which batches must be

completed before forwarding them to the next operation’. He considered four stages: prefabrication
(material production), fabrication (component processing), finishing (painting) and assembly.
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when and to which alternate machine centre workloads are being transferred can have
significant influence on shop performance.

It can be highly efficient and attractive to use this flexibility and consider the specific
relationship between these cells in the planning and control of the cellular manufacturing
system. However, we should recognize that the possibility of using this type of relationship
between cells generates specific co-ordination requirements in the system. The required co-
ordination does not only concern the control of the flow of material between the cells, but also
the decision when and to which cell the transfer of workload has to take place.

From this literature survey, we conclude that there are several valid reasons for the existence
of material flows between cells. We can summarize these reasons as:
•  scarcity of skills
•  nature of technology
•  benefits of dedication to a fixed combination of operations:

increased variety and attractiveness of work
better work load distribution over he cells

•  support quick change to group technology
•  accommodate design modifications or introduce new products
•  both simple and flexible planning system
•  less sensitive to work load imbalance

However, the co-ordination requirements between cells should not be restricted to the
material flow relationships, but other types of flows between cells and the available flexibility
between cells should be considered as well. A consequence of neglecting these relationships
is a too restricted view of the required co-ordination effort in cellular manufacturing. In order
to improve the identification of relationships that require co-ordination, we need an
instrument that helps us to describe several types of relationships between cells. Although the
importance of considering relationships between cells is recognized in the literature, no
instrument is available that provides a comprehensive description of the existing relationships
between cells and their co-ordination requirements. In the next section, we present such a
categorization of relationships.

§ 2.2 Sequential, Simultaneous, and Latent relationships between cells

In this section, we focus on the identification of relationships between cells and the
co-ordination necessary to proceed with the primary transformation process of the production
system. Note that the presence of orders in the system causes these relationships to occur and
therefore induces the co-ordination requirement between cells. The type of relationship
provides information on the extent of the co-ordination requirement between the cells. We can
use this information when designing co-ordination mechanisms for the planning system.
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Co-ordination requirements can exist with respect to three types of relationships between
cells: sequential, simultaneous, and latent. We will first introduce these relationships formally
and afterwards we work them out.

A sequential relationship between two cells exists if a directed flow between the cells is
prescribed5 in order to proceed with the primary transformation process of the system.
We distinguish between sequential relationships due to the existence of:
•  a prescribed material flow between cells
•  a prescribed resource flow between cells
•  a prescribed information flow between cells

A simultaneous relationship between two cells exists if it is prescribed5 that activities that
have been allocated to these cells can be performed in parallel. The activities must be needed
to proceed with the primary transformation process of the system.

A latent relationship between two cells exists if a sequential or simultaneous relationship
between the cells can be created by using the available flexibility in assigning operations,
resources, material, or information to both cells. A relationship between two cells is latent if:
•  the prescription of either the flow or the parallel connection between these cells has not

yet been completed. This is the case with incomplete specification (process plan) or
allocation (production plan) of the required operations, resources, material and
information to the cells

•  an alternative in the already prescribed flow or connection between cells is present with
respect to this specification and allocation of operations, resources, material and
information

The next two types of alternatives cause a latent relationship between cells:
•  existence of an alternative cell that can be involved in the plan; the cells are related

because the alternative cell can also perform the required operation, and may have to use
the resource, material or information to proceed with its primary process

•  existence of an alternative sequence in which the cells are visited to perform the
operation, or will have the disposal of the resource, material or information

The existence of the various relationships depends on the set of accepted work orders6 that are
to be produced. Relevant characteristics of these orders are used to determine possible
specifications and allocations of the corresponding operations to the cells. This results in a set
of process plans and an aggregate production (allocation) plan. The information contained in
these plans is sufficient to determine between what cells which relationships will exist.

                                                
5 This has to be prescribed either in a process plan or a production (allocation) plan.
6 A work order is defined as the most comprehensive set of specified requirements of one (internal or

external) customer to be met by the system, where the specifications include the type of products
and the amount, quality and delivery aspects.
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§ 2.2.1 Sequential relationships

Sequential material flow relationships can be split into relationships caused by the
segmentation of the main goods flow, and either incidental or structural deviations from this
flow. This distinction is important from a co-ordination point of view, as it can have impact
for the way the corresponding co-ordination requirements are coped with. Incidental or
structural intercell movements that deviate from the main goods flow are easily identifiable in
a cellular manufacturing system. These intercell movements are between machines or cells at
the same or a former processing stage (see for a definition of processing stage footnote 4). In
a cellular manufacturing system, the percentage orders that need such intercell movements is
generally small. This may make it possible to co-ordinate the flow of orders that need such
intercell movement with another co-ordination mechanism then used for co-ordinating the
main goods flow.

The second type of sequential relationship originates from the flow of resources between
cells. If it is prescribed that a cell requires a specific resource for use in its transformation
process, and this resource is first used in another cell, there exists a sequential relationship
between these cells. Examples of such resources are cutting tools, fixtures, transportation
equipment, but also human operators that have to be interchanged between the cells.

The last type of sequential relationship that we consider is a relationship between two cells
due to the prescribed delivery of information from one cell to another. If this information is
not given to the cell, it cannot proceed with the primary activities that have to be performed.
Therefore, these cells are sequentially dependent.

It is important to distinguish information flows needed due to a sequential dependency and
information flows needed for controlling the primary process. The first type is considered
here and it includes such information as order documents, processing and measuring
instructions (e.g., NC programs), measurement reports, etc. The flow of this information will
often be combined with the flow of material or resources from one cell to another. In that
case, no new relationships between the cells result, although the information flow does
generate a co-ordination requirement. However, the flow of information need not be
combined with one of the other flows. It can generate a sequential relationship between cells
on its own and hence create a specific co-ordination requirement.

Concluding, we want to stress that two cells can have a sequential relationship while never
delivering material to each other; flows of resources and information also generate sequential
relationships.



26 Chapter 2 Relationships between cells in cellular manufacturing

§ 2.2.2 Simultaneous relationships

Simultaneous relationships can be encountered if two cells perform activities for the same
order. They are not related through a material or resource flow, but through an information
flow with respect to this order. The information they have to share is not required in order to
proceed with the transformation process, but the cells benefit from sharing the information.
Simultaneously related cells share information, e.g. on the progress of their activities or on the
liability of the customer. Suppose that several cells produce for the same assembly. A cell
might benefit from obtaining information on the delivery dates that the other cells can
guarantee. The planning within the cell could possibly benefit by using this information of the
simultaneously related cells. If one of the cells has a machine breakdown that delays its
production of parts for an assembly, a simultaneously related cell will not need to give
priority to a component for the same product. Sharing the available information on progress
or due dates makes it possible to update the planning of all simultaneous cells. Note that the
sequentially related assembly cell itself will not benefit from sharing this information between
the simultaneously related fabrication cells.

Simultaneous relationships can also occur due to specifications in a process plan, concerning,
for example, the raw material that has to be used, or the time frame in which both operations
in the different cells have to be performed. Sharing information between these cells on the
related activities they perform makes these cells simultaneously related.

Our definition of a simultaneous relationship between cells is not identical to the
simultaneous-independence relationship as introduced by Susman (1976). In his view (which
we described in Section § 2.1), two elements are only simultaneously related because of the
lack of time, which forces them to perform the task in parallel. In order to increase capacity
for this task, the simultaneous dependency between several elements should be identified, as
they probably will share some resources, require the same type of materials, and so on. This
increases the complexity of co-ordination in the system. We do consider these complex flows,
but denote them as additional sequential relationships between the cells.

Our definition of a simultaneous relationship between cells is neither identical to a pooled
interdependency as introduced by Thompson (1967). The information flows between
simultaneously related cells makes their interdependency either sequential or reciprocal.
However, the way we organize the co-ordination of these flows needs not be the same as for
other sequential relationships between cells, because of the frequency of occurrence, and the
different consequences of not obtaining this information.
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§ 2.2.3 Latent relationships

Latent relationships between cells are defined in a more abstract sense. They exist if
flexibility is available within the production system that can be used to create or change a
sequential or simultaneous relationship between the cells.

An important type of latent relationship can be found in the presence of a pool of shared
resources (see Figure 2.4). These resources are not allocated to specific cells, but a cell
requires the disposal of such a resource for a specific operation. The flow of shared resources
is often not planned, and the time at which the resources are really needed by the cells is
frequently not known to the planning system. This makes it possible that conflicts between
cells arise if more cells want to have the disposal of one of these resources at the same time.
Cells are latent related if this can occur, e.g., if a specific resource can be claimed by both
cells for the production of the set of currently known orders. For the existence of a latent
relationship between two cells it is not necessary that the shared resource will be interchanged
between these cells, as is required in case of a sequential resource relationship between these
cells.

Latent relations between cells

Pool

Shared resource: allocation choice

Not yet prescribed

Alternative cell

Already prescribed

Alternative cell: work order release

Not yet prescribed

Alternative sequence

Already prescribed

Figure 2.4 Latent relationships between cells

The second type of latent relationship is caused by the available flexibility between cells in
the already determined specification and allocation of operations, resources, material and
information. So this type can be encountered if it is possible to specify and prescribe an
alternative process routing for an order by using another cell instead of the current one, in that
way creating a latent relationship between these cells. This can only occur if both cells are not
completely disjoint, which happens quite often in parts production due to the allocation of
similar machines to the various cells.
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Figure 2.4 shows four latent relationships between cells. If a plan not yet has prescribed the
sequence of the flow (of a shared resource, work order, or information), the co-ordination
requirement is that a choice should be made. However, after a choice has been made, the cells
remain latent related, as long as there remains some flexibility with respect to this allocation
decision. Both relationships are latent, but the co-ordination requirements are different.

Our categorization of relationships between cells makes a distinction between sequential,
simultaneous and latent relationships. These categories can be used as a framework for
analysing the co-ordination requirements between cells in a cellular manufacturing system.
The second part of this chapter illustrates the usage of this framework in five case studies.

§ 2.3 Relationships between cells in practice

In this section, we show the usage of the distinction between sequential, simultaneous, and
latent relationships in determining co-ordination requirements between cells in a practical
context. The five case studies were all found in Dutch metal ware small batch production. The
characteristics of these firms and their cellular organization are introduced in appendix A. In
this paragraph we will describe relationships between cells in the part production processing
stage with other elements in the system. We focus on situations where the distinction in
relationships between cells helped us to detect co-ordination requirements and we tried to
identify which co-ordination mechanisms were applied by the five firms in order to cope with
these relationships. We do not aim at presenting all relationships that existed between these
cells in the cases we studied. A selection of these relationships will show the usefulness of the
framework that we developed.

Exte rna l

In  te rn  a l

1

2

54

3

P re - fa b r . F ab ric a ting        F in ish in g       A sse m b ly
Sequential relationships in cellular manufacturing

1 delivery of prefabricated material to cell
2 delivery of product between fabrication cells
3 internal or external outsourcing
4 delivery from fabrication cell to finishing cell
5 delivery to assembly(inventory)

Figure 2.5 Five types of sequential relationships with a cell
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§ 2.3.1 Sequential relationships

We deal with five types of sequential relationships as illustrated in Figure 2.5 and show the
differences in coping with these relationships between the cases.

The first sequential relationship that we examine is between a prefabrication cell and a parts-
producing cell. In all cases raw material was centrally prefabricated in a cell that also
performed the warehousing function and often even tool management (e.g., storage,
preparation, pre-setting). However, the pull or push mechanism that was used to control the
delivery to the parts-producing cell differed per firm, as can be seen in Table 2.1.

Case

I
Complex
machines

II
Complete

installations

III
Complex

installation

IV
Parts production
make/engineer

to order

V
Parts

production
make to order

Push/Pull push pull push push pull
Max. lead time 1 day 4 days no max. no max. 2 days

Table 2.1 Sequential relationship with prefabrication cell

Two cases used a pull system to control this delivery to the parts-producing cells, which
means that orders were released to the parts-producing cell and that prefabrication could only
start if the parts-producing cell had handled the material request to prefabrication. The other
three cases used a push mechanism, so orders were first released to the prefabrication cell.
This cell prepared the required material and either reserved it for or delivered it directly to the
parts-producing cell. The available time for this operation was explicitly restricted in three
cases. The decision to use a pull or push mechanism has consequences for both the total
amount of work in process and the efficiency that can be achieved in the prefabrication cell.
Note that a pull system creates additional sequential relationships between the cells in the
direction opposite to the material flow because of the required information flow from the parts
producing cell to the prefabrication cell.

The second sequential relationship concerns a relationship between a parts-producing cell and
a cell at the same or a former processing stage, i.e. a cross or back flow. If this relationship is
present, the way it is coped with interests us. Table 2.2 presents the relationships we found in
the cases studied and the policy with respect to the use of this relationship.

Case

I
Complex
machines

II
Complete

installations

III
Complex

installation

IV
Parts production
make/engineer

to order

V
Parts

production
make to order

Former stage not present not present present not present not present
Same stage present present present present present

Usage
 frequency

incidental incidental structural structural structural

Table 2.2 Sequential relationship with a cell at the same or a former processing stage
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As can be seen in Table 2.2, all firms encountered this type of relationship between cells,
mainly within the same stage, but the way they coped with it differed. Case I and II used this
relationship incidentally, e.g., in case of a machine break down, by switching the work
temporally to another cell. They preferred to subcontract the work to avoid disturbing the
processing in the other cells instead of structurally using this flexibility. Generally, the load of
the other cells prohibited the interchange of work, as the interchange of work would delay
orders that had already been released to these cells.

The other three cases encountered these relationships structurally. Case IV and V designed
their cellular system such that no more than 10%-20% of the orders had to be processed
sequentially in more cells at the same stage. Both firms considered this percentage
unavoidable, as duplication of the required resources was economically not justifiable. The
co-ordination of this relationship was a problem in case IV, where the cell that performs the
first operations is held responsible for the final delivery performance of the order. If this cell
transfers the work to the next cell, the latter is often not willing to give priority to orders for
whose delivery performance they are not responsible. A reason can be found in the resulting
machine load not being taken into account in the planning of the second cell, i.e. in the
capacity profiles made for this cell.

Case III had both structural relationships with cells at the same and at a former processing
stage. These relationships were for a large part caused by the processing sequence of one
module. After pre-processing has taken place, this module is processed in the welding cluster
and afterwards the mechanical cluster is involved before it is put in stock. However, the flow
between the welding cluster and the pre-processing cell is bi-directional. When the last
welding operation is completed, the module is first returned to the pre-processing cell that
also performs some finishing operations. The required inspection of the finishing work is
again done within the welding cell. The firm preferred this relationship in the main flow
because (1) the utilization of the finishing machines was too low to create a separate cell, (2)
the finishing work was considered too simple for performing it in the welding cell, and (3) the
skill level of the finishing operators was comparable with the prefabrication operators.

The third sequential relationship describes the existence of relationships with other elements
in the system or its environment due to operations that are performed by an internal or
external subcontractor. An example of an internal subcontractor is a quick service or a
separate machine within the shop used by more cells. External subcontracting means here the
subcontracting of part of the work that had already been allocated to a cell. It can be used for
capacity reasons or because the required operations cannot be performed within the firm,
which is often the case with surface or other finishing operations. It is important to describe
the flow of material after the subcontracted operation has finished. Is it to be returned to the
parts-producing cell to continue processing or is it to be delivered to the warehouse? This
affects the way to cope with the co-ordination requirements.
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Case

I
Complex
machines

II
Complete

installations

III
Complex

installation

IV
Parts production
make/engineer

to order

V
Parts production

make to order

External capacity incidental structural incidental incidental incidental
Surfacing:

work returned to
cell warehouse warehouse NA warehouse

Internal NA NA heating NA quick services

Table 2.3 Sequential relationship with subcontractor or internal separate department

Table 2.3 presents an overview of this third type of sequential relationship in the five cases.
The first row describes the usage that is made of external subcontracting due to capacity
reasons. In all cases but one, the surfacing operations were externally subcontracted. The
second row describes the return flow of material after the work had been subcontracted for a
surfacing operation. If (part of) the work is returned to the parts-producing cell, it is denoted
by cell, otherwise by warehouse. The last row describes the presence of internal
subcontracting to a separate department.

Subcontracting work that had already been allocated to a cell due to capacity reasons was in
most cases restricted. Only one case used this form of flexibility intensively. The cell foreman
was allowed to decide on his own about subcontracting work. Subcontracting due to these
capacity reasons was here often preferred to changing the planning of the cells by reallocating
the work, and adequate procedures for subcontracting had been developed. For example, the
cell stays responsible for delivering the correct information, material, and tools (if necessary),
and for the lead time performance on the subcontracted order. Much of the production
flexibility in the firm was found in this subcontracting system with near door subcontractors.
This resulted in a very high utilization of the cells, as frequent disturbances caused by the
transfer of work load between cells were avoided.

If the flow of subcontracted material is directly returned to a cell for further processing, the
cell ought to be informed about the arrival of the work, which results in a sequential
relationship because of an information flow. Providence of information with respect to the
expected return moment of the subcontracted work would enable the cell to make a realistic
planning of the resulting work load. Case I did not use planning as a co-ordination mechanism
for this relationship with the external subcontractor. Instead, it used a large amount of slack
time. In most of the cases, the work was returned to the warehouse and the planning
department allocated the work to a cell if further processing was necessary.

Two of the cases used sequential relationships with separate internal departments. The
handling of these flows was done differently. In case III the internal transport system was
used, while in case V the cell who had to continue processing brought the material to the
departments.
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The fourth sequential relationship is between a parts-producing cell and a finishing cell. This
relationship is especially important if more parts-producing cells have this relationship with
one finishing cell. A finishing cell can often process only one arrival at a time and is usually
the last cell involved in producing the order, so the lead time performance of this cell is very
important. We describe the type of co-ordination for this cell as well as the instruments used
to avoid long delays in the delivery of the product. Table 2.4 describes the number of cells
that deliver to the finishing cell and mentions the priority planning procedure applied for this
finishing cell. Finally, we enumerate the instruments used to manage the capacity of this cell.

Case

I
Complex
machines

II
Complete

installations

III
Complex

installation

IV
Parts production
make/engineer

to order

V
Parts

production
make to order

Delivering cells all two one all all
Priority
planning

FIFO
FIFO +
informal

NA FIFO/EDD NA

Capacity
management
instruments

overcapacity
overtime

temporally
workers

overcapacity
subcontracting

overcapacity
flexible

operators

planning to
regulate flows

overtime
subcontracting

temporally
workers

Table 2.4 Sequential relationship with finishing cell

Three of the five cases allowed underutilization of the machine capacity in the finishing cell.
Although the capital invested in this cell was generally high, these firms gave priority to a
complexity reduction in the management of material flow and capacity. By using
overcapacity, they could handle a strongly fluctuating incoming flow of material as well as
relatively short throughput time requirements that ranged from 1 to 4 days. The other two
cases used a different strategy. In case V, the finishing department had less overcapacity,
while all parts-producing cells delivered to this cell. As an instrument for capacity
management, this firm hired temporally employees for preparatory activities in the finishing
department. Case IV used planning as an instrument for capacity management. The expected
load of the finishing cell in the next week was presented to the parts-producing cells and the
incoming flows of material were regulated based on this profile. Note that in this way not
only the sequential relationships between the parts-producing cells and the finishing cells
were used, but that also the relationships between the parts-producing cells were recognized
in planning the system, as will be further discussed in the section on simultaneous
relationships.
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The fifth sequential relationship describes the relationship of a parts-producing cell and a cell
that performs assembly operations. These operations can partly be decoupled from the
operations performed within the parts-producing cells by specifying and communicating a
planned start date for the assembly operations and by using a buffer policy, e.g., using safety
stock or safety lead time. However, co-ordination can also be performed by a detailed
planning of the flows to the assembly cell or by using the available flexibility in the planning
within the assembly cell, e.g., by changing the sequence in assembling the various modules.
In that case, the size of the buffer can be much smaller. In Table 2.5 we describe the type of
planning of these sequential relationships with the assembly cell and the buffer policy used.

In case I, the planning of the assembly cell is used to plan the flows from the parts-producing
cells in detail. Case II planned the start date for the assembly of a complete installation. This
installation consisted of various modules that had to be assembled. The required parts for all
modules had to be present in the warehouse three days before the planned start date of the
assembly of the complete installation. So the co-ordination of the flows from the parts-
producing cells was based on this overall start date and not on a detailed planning of the
assembly cell that specified the planned start dates of the individual modules. This enabled
case II to use the available flexibility in the planning of the assembly cells if problems with
respect to the incoming flows occurred, but it resulted also in a higher total amount of stock.
Case III and IV used safety stock as a buffering policy for a large percentage of the parts that
were required in the assembly. Case V did not recognize that for the welding of some
complex products in the pre-assembly cell the co-ordination of the required parts flows was
necessary. The due date for the required product was specified in the planning, but the start
date for welding the product had to be determined by the foreman of the welding cell. The
stock of required parts that was kept in this cell was not controlled. This resulted in an
unexpected arrival of orders for these parts with very short lead times in the parts-producing
cells, which caused disturbances in their own planning and a very low lead time performance
on the assembly products. This illustrates that it is important to recognize the existence of this
type of sequential relationship and to select an adequate set of co-ordination instruments.

Case

I
Complex
machines

II
Complete

installations

III
Complex

installation

IV
Parts production
make/engineer

to order

V
Parts

production
make to order

Planning
flow of parts

planned in detail

flexible planning
within assembly

cell

planned start
date assembly

planned start
date assembly

not planned

Buffer
policy

safety lead time safety lead time safety stock safety stock no buffer

Table 2.5 Sequential relationship with assembly cell
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To summarize, this description of five types of sequential relationships in cellular
manufacturing and the discussion on the resulting co-ordination requirements and the various
co-ordination mechanisms applied illustrates the complexity of problems on this co-ordination
level in cellular manufacturing. Our description has mainly focussed on material and
information flows between a parts producing cell and other cells, but sequential relationships
because of resource flows did exist as well. A production planning system for cellular
manufacturing must pay attention to these sequential relationships between cells.

However, the segmentation of the transformation system (i.e., the number of cells in
sequence) need not correspond with the main co-ordination requirements of the system, as the
complexity of co-ordinating these sequential relationships may differ. The relationships that
we identified in the five case studies have illustrated this varying complexity. We will have to
consider the effect of this complexity on the design of a planning system for cellular
manufacturing. The design of such a system should resemble the characteristics of the cellular
organization and should consider the resulting sequential relationships.

§ 2.3.2 Simultaneous relationship

In this section, we give some examples of simultaneous relationships between parts-producing
cells that we encountered in the five cases studied.

Case I painted the products in one of the three available colors in the finishing department.
Two of these colors were used regularly, but usage of the third was only irregularly specified
in a process plan. The determination of a date for starting the third color did not take into
account the possibility of feeding cells to deliver the required materials in time. This either
resulted in a low utilization of the resources in the finishing department, because of waiting
time for these parts, or in a high investment in material, because of too early delivery of parts
to this department. To become more efficient, the firm had to recognize the simultaneous
relationship between the cells that produce parts that would require this color. The planning of
these cells could then be tuned to determine an acceptable start date for painting.

The sequential relationships between parts-producing cells and the finishing cells in case IV
were co-ordinated by plan. Planning also recognized the simultaneous relationship between
the parts-producing cells. These cells received information on expected peaks in the load of
the finishing cells for the next week. This enabled them to regulate their flows to these cells
by mutual agreement.

Case III did not recognize the simultaneous relationships in the production of module Y. The
sequence of processing this module consisted of five steps, but more than five cells were
involved in the production of the module, as some of them produced in parallel. If one cell
could not finish its production on time, the next cells in the processing sequence were
notified. However, cells in the same processing step that produced simultaneously for the
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same module were not notified of the expected delay. So they still tried to produce their parts
on time, possibly delaying other parts or using overtime.

Case II, IV and V encountered these simultaneous relationships between cells that produce for
the same assembly. As could be seen in the former section on co-ordinating the sequential
relationship between an assembly cell and a parts-producing cell, the material flows from the
latter type of cell were not planned in detail. The mutual relationship between these parts-
producing cells can be regarded as a simultaneous relationship. In the planning of these cells,
information on the planning of the other cells could be used, but these cases did not use this
information explicitly. However, they recognized that usage of this relationship could
improve the overall performance of their cellular systems.

We conclude that shop performance can improve if a production planning system for cellular
manufacturing takes into account the simultaneous relationships between cells in the system.
The co-ordination of these simultaneous relationships is often done by mutual agreement, but
a planning system can provide the related cells alternatively with the required information.

§ 2.3.3 Latent relationships

The last type of relationship that we distinguish is a latent relationship. Latent relationships
between cells for which the direction of the flow not yet had been determined were found in
all cases, due to the existence of pools of shared resources. We could often easily detect these
pools by looking for a central storage location of the tools and fixtures. Central storage
usually implied that shared usage of these resources was allowed, even if the particular
resource was duplicated.

Other examples of latent relationships caused by sharing of resources were found in case II
and III. In case II, the tools shared by the assembly cells sometimes constrained the planning
within these cells. In case III, the transportation equipment for handling material within the
cells was shared, potentially causing delays in the progression of the production. None of the
five cases did register which cell had the disposal of which tools. In case V, it was estimated
that 5% of the orders were delayed due to the required tools being not available at request. In
case I, II, and III, tools have mainly been duplicated. Case IV and V also had duplicated tools,
but this solution was considered here too expensive. They had more problems to justify this
investment economically, but still preferred this solution of buying themselves out of trouble.

The next latent relationship we consider here is caused by the possibility of allocating an
order to more cells. If both cells are able to perform the required operations, we can choose to
what cell the work is released. In case I, II and III, this relationship existed only for a small
percentage of the orders. Case I and II did not use this flexibility, case III incidentally. Case
IV and V encountered this relationship for a large percentage of the orders. Case IV used this
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flexibility incidentally, while case V used this flexibility intensively in their planning system
by letting the cell foremen choose among the available orders.

Latent relationships due to the existence of alternatives could be seen in the reallocation of
operators to another cell. The cases coped differently with the resulting co-ordination
requirements. Case I and III had explicitly defined human resource pools. These pools were
restricted to a cluster of cells and the people in these pools could change to another cell in
case of illness of a cell member or rush work. Human resource pools are generally used for a
short period and can be asked for at a short term. Another co-ordination mechanism that was
used is temporally reallocation of operators, e.g., for a period of one week. Case I and II
considered this when they discussed the production plan for the next week. Case IV and V
used this kind of flexibility only incidentally.

Another latent relationship can be encountered due to alternatives in the process plans. Case I
recognized this relationship in the loading of a temporally bottleneck in a particular parts-
producing cell. If the cell workers concluded that this machine became overloaded, they could
interchange work to another cell. In this cell, the NC programs were rewritten, which could be
provided within 15 minutes. In case IV, interchange of work was also possible, but here
rewriting the programs was done within the engineering department, causing a two-day delay
and flows of information between the cells and this department. Case V was not even able to
rewrite the programs within a reasonable time, so they were not able to use this latent
relationship between the cells.

We conclude that latent relationships identify available flexibility in the relationships between
cells. A planning system may be designed such that it enables the cells to effectively exploit
this flexibility. We should therefore identify the factors in a planning system that resemble
this flexibility. However, there is always a trade-off between flexibility and transparency. A
system with many latent relationships between cells because of an inadequate process
planning will result in many co-ordination problems for the resulting sequential relationships
between cells after they have been determined. The lack of transparency and time for
preparation may result in a system that is flexible without being productive.

In this section, we demonstrated the existence of three types of relationships between cells for
the five cases that we studied. The differences between the cases were illustrated by
elaborating on the way they coped with the co-ordination requirements that resulted from
these relationships. We have identified some consequences of these relationships for the
design of a planning system for multi-stage cellular manufacturing systems.
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§ 2.4 Conclusion

This chapter has analysed the various relationships between cells in the primary
transformation process of the production system. The situation of small batch parts producing
firms that use cellular manufacturing has functioned as a frame of reference.

Many authors in the field of cellular manufacturing give the impression that the co-ordination
issue within cellular manufacturing is quite easily tractable. They assume that the flow of
material between cells has been minimized and the problem of scheduling the flows within
the cells has been solved by decentralizing the planning tasks to the cells. In this chapter, we
have shown that this is a far too simple view of the co-ordination issue within cellular
manufacturing. The flow of material between cells is not the only type of flow that has to be
considered, as the flow of resources and information also has to be taken in consideration.
Furthermore, the flow of material between cells is often more complex than described within
this literature due to factors such as subcontracting work and assembly operations. Finally, we
have shown that the material flow generates different co-ordination requirements depending
on the characteristics of the situation.

Decentralizing the task of detailed cell scheduling to cells is not sufficient to solve the type of
co-ordination problems that cells will face in multi-stage cellular systems. Cell scheduling
will frequently interfere with problems and decisions of other cells.

The relationships between cells involved in the primary process can be distinguished in three
types: sequential, simultaneous and latent relationships. Sequential relationships describe the
existence of flows between cells, simultaneous relationships the existence of parallel
connected activities, for which the sharing of information may result in improved system
performance, and latent relationships describe the existence of flexibility in the process plans
or in the production plan with respect to the allocation of operations, resources, material or
information to the cells. Introduction of these three types of relationships between cells results
in a more comprehensive description of co-ordination requirements. This instrument provides
a better understanding of the complexity of the co-ordination issue within cellular
manufacturing.

We have analysed the three types of relationships that occurred between cells in five case
studies. A selection of the observed relationships has been presented and we have used them
to identify specific co-ordination requirements between the cells and to describe differences
between the cases in coping with these requirements. We can conclude that the identification
of these relationships is important for designing a planning system, as it improves the
recognition of the possibilities and constraints in co-ordinating the system. The disclosure of
specific relationships between cells has made it in some cases possible to identify deficiencies
in the application of co-ordination mechanisms. Comparing the different co-ordination
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mechanisms used by the cases for similar co-ordination requirements has allowed us to
present alternative co-ordination mechanisms for these situations.

The co-ordination issue in firms that use cellular manufacturing in their production of parts is
highly complex due to the various flows that have to be co-ordinated and the flexibility that
has to be present in the system. The use of the framework helps to identify these co-ordination
requirements.

In designing a planning system for cellular manufacturing, we should consider the various
relationships between cells. The decision about creating co-ordination requirements within the
system is influenced by specific design choices of the planning system. The same holds true
for the decision about allocating planning and co-ordinating tasks and responsibilities in the
system. Therefore, we have to examine in the next chapters the consequences of planning
system design choices for the co-ordination requirements within multi-stage cellular
manufacturing systems.

We will focus on one particular well-defined planning system for cellular manufacturing, the
basic unicycle period batch control (PBC) system. The number of design choices in this
system is limited compared to other systems that are used in practice. The PBC system
focuses on co-ordination between the stages. A more profound knowledge about the effect of
design choices in such a system will help us to improve the design of other planning systems
for multi-stage cellular manufacturing as well.


