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Abstract—In this paper, a simple dynamic part assignment (DPA) procedure is introduced and its effects
on the performance of cellular manufacturing systems is evaluated. In this procedure rerouting of parts
among machine cells is allowed for better machine utilization. Three data sets are used to compare the
performance of manufacturing systems under job shop and cellular manufacturing when DPA is
employed. The results of simulation runs indicate that the proposed DPA method improves the
performance of cellular manufacturing significantly by reducing the congestion in machine cells with long
waiting lines.

INTRODUCTION

Cellular manufacturing (CM) is a proven technique in batch-type manufacturing. It improves the
efficiency of manufacturing systems through reduction in set-up times, in-process inventories and
throughput times. This has been shown in numerous successful cases of CM implementation
[7,9, 19, 20]. Despite this, some studies suggest that the conversion from conventional batch-type
manufacturing to cellular manufacturing may not always be beneficial. This is mostly due to the
imbalanced workload on machines in machine cells which leads to the accumulation of inventories
in front of bottleneck machines. Imbalanced workloads also cause under-utilization of non-bottle-
neck machines [3]. In addition, the organization of machines into dedicated machine cells decreases
the flexibility in machine selection for the processing of parts [6]. Because of these problems, some
researchers have questioned the superiority of CM to traditional job shop manufacturing.

A number of studies have been conducted to overcome the problem of bottleneck machines in
CM. In one study, the impact of sub-batch workload transfer on machine utilization in CM has
been evaluated [15]. In another study, intercellular part transfer is proposed as an effective means
of improving the efficiency of CM systems by directing the extra workloads from over-utilized
machines to other cells [1]. Yet another approach to the problem of bottleneck machines is the
development of alternative process plans and the rerouting of parts for increased scheduling
flexibility [11]. Machine duplication [17], development of hybrid cells [16], and outsourcing [17] are
other possible solutions to the bottleneck machine problem in cellular manufacturing systems.

As indicated above, flexibility in machine selection is one of the attributes of job shop systems
where similar machines are grouped in departments. When such a system is converted to a cellular
manufacturing system, that level of flexibility may no longer be available. This is due to the fact
that, first, machines in each cell are dissimilar and, secondly, each cell is dedicated to process a
part family. As a result, a machine in one cell may be over-utilized while a similar machine in
another cell may be under-utilized. This can be overcome by allowing free flow of parts among
machine cells at the cost of less effective group scheduling. Such a practice in its extreme is
equivalent to going back to job shop manufacturing. Therefore, a compromise between the
flexibility of part transfer among machine cells and the efficiency of independent machine cells
seems to offer a reasonable solution to the problem of imbalanced workload in CM.

In this paper, a simple procedure for the rerouting of incoming parts to alternative cells is
introduced. Such a procedure incorporates some flexibility into machine assignment in CM without
significantly decreasing the effectiveness of group scheduling. While this procedure does not provide



a complete solution to the problem of imbalanced machine workload in cellular manufacturing,
it may improve the performance of a cellular manufacturing systems as will be demonstrated in
the following sections.

DYNAMIC PART ASSIGNMENT (DPA) METHOD

The development of a cellular manufacturing system ideally results in the formation of
independent machine cells. For the purpose of this study, these cells are referred to as primary cells.
Jobs within a part family are normally processed in their primary cell. Any machine cell other than
a primary cell capable of processing a job is considered as a secondary cell for that job. There may
exist one or more secondary cells for a particular job.

The Dynamic Part Assignment method offers a mechanism for monitoring the workload of
primary cells and assigning the new incoming job to a secondary cell if the workload in a primary
cell exceeds a threshold value. Such a threshold value may be set by the shop supervisor to avoid
long queues and to operate the cells in a relatively balanced condition.

Using the DPA approach, the workload of machine cells is examined whenever a new job arrives.
Then the decision is made to assign new jobs to a secondary cell if necessary. This approach is
expected to improve the performance of CM by reducing waiting time in machine cells.

To achieve this objective, the following factors are considered:

(a) A threshold value for cell congestion level is determined for each machine cell based on some
criteria such as work-in-process storage capacity and job due date.

(b) To assign a job to a cell, priority is always given to the primary cell. The objective of this
rule is to process a part family in its designated machine cell that has been configured during
machine cell/part family formation process.

(c) Based on the cell congestion threshold value, if it is decided to assign a job to a secondary
cell, the job will not be transferred to its primary cell. Similarly once a job is assigned to
its primary cell it will not transfer to a secondary cell. Such constraints avoid the occurrence
of new material handling between cells which may negatively impact CM performance [15].

Consider 2 machine cells as part of a large CM system (see Fig. 1(a)). Part family I consisting
of part type A, B and C is assigned to its primary cell I. All three parts have common operation
on machine type L. Cell IT is considered as a secondary cell for part type A and B since the necessary
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(b) One or more machines in primary cell are overloaded. Part A is assigned to a secondary cell.
Fig. 1. The DPA concept.



Machines 1 2 3 4 5 6 7 8 9 10 11 12
L1 1 1 1 1 1 1
12 1 1 1
L3 1 1
M4 1 1 1 1 1
M5 1 1 1
M6 1 1
D7 1 1 1 1 1
D38 1 1 1
D9 1 1

a. Machine-component matrix for first data set

Department 1 2 3

Machine Type Lathe 1,2, 3 Mill 1, 2,3 Drill 1, 2, 3

Quantity 3 3 3

Part Assignment 1,2,3,4,5,6,7,8,9, 1,2,3,4,5,6,7,9, 1,2,3,4,5,6,8,9,
10,11,12 10,11,12 10,11

b. Job shop configuration of first data set
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c. CM configuration of first data set

Fig. 2. (a) Machine-component matrix for first data set, (b) Job shop configuration of first data set, (c)
CM configuration of first data set.

machine types to process these two parts are available in this cell (type L, M and G). This flow
arrangement may create a congestion in the primary cell especially by machine type L. At some
threshold level, the incoming part type A or B can be sent to the secondary cell which may be
operated at a less machine utilization level (see Fig. 1(b)).

In order to evaluate the effect of the proposed method on the performance of CM cells, the
following steps are taken:

Step 1. Define part families, form machine cells and assign part families to associated machine
cells using one of the known machine-component grouping methods such as the Rank Order
Clustering (ROC) algorithm [8], the Direct Clustering Algorithm (DCA) [2] or the Similarity
Coeflicient Method (SCM) [17].

Step 2. Develop the appropriate simulation model for the CM problem designed in Step 1 and
for the equivalent job shop system [5).






considering alternate cell assignment based on the machine workload in future comparative studies
in cellular manufacturing areas.
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