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Abstract

Use of ORR mechanisms as an effective means to control WIP is controversial.  Some writers and studies have asserted that order release is very important while others argue that the use of good dispatching rules makes ORR unnecessary.  Also, most of the studies done to date are in a job shop environment.  

This study hopes to provide a basis for the determination of ORR usefulness in a flow shop and investigate its interaction with other shop conditions.  It also hopes to shed more light on the WIP/workload balance vs. due date delivery performance trade-off clearly seen in previous studies.

INTRODUCTION

The manufacturing environment is a very complex, dynamic system.  Managing the system effectively is one of the most important and challenging objectives of Operations Management.  Almost all of the performance parameters of a manufacturing system – average flow time, capacity utilization, order due-date timeliness, and inventory management are tied to and affected by variance in work-in-process inventory.  Therefore, as clearly pointed out by Hopp et al. (1991) and Wight (1970), the successful control of inventory is imperative to the effective management of the manufacturing environment.

One of the ways to control inventory is through Order Review and Release (ORR), which determines what jobs are to be selectively dispatched to the shop floor and also when these releases are to occur to achieve desired objectives.  Based on the current status of research (see next section), it is clear that a complete, well-defined theory does not exist about what shop conditions are most important to the realization of benefits from ORR in a Flow Shop.

This research looks at the effect of ORR and its interaction with other shop conditions on overall performance in a flow shop and the associated trade-off between WIP/Workload balance vs. order due date performance. Specifically, I hope to answer the following research questions:

1 – Does the use of ORR significantly affect performance in a flow shop environment?

2 – What are the shop conditions that are favorable to realizing the benefits of ORR in a flow shop environment?

3 - Does the trade-off between WIP/workload balance and due-date performance that has been highlighted by previous job shop studies apply to flow shops?  Is so, how?

LITERATURE REVIEW

Early shop-floor control (SFC) studies focussed almost entirely on dispatching mechanisms to control inventory.  Since then, although several articles and studies have been published on the effects of ORR, they have tended to be confusing and conflicting.  See Baker (1984), Bertrand (1983), Wight (1970), and Philipoom et al. (1993).  Moreover, most of the studies have focused on comparing performances of different ORR techniques in a specific kind of manufacturing environment, a job shop.

Ragatz and Mabert (1988) tested five release mechanisms in combination with four dispatching rules and three due-dates tightness levels in a job shop environment.  Their results showed that a very simple technique, Modified Infinite Loading (MIL), outperformed more complicated release mechanisms.  They also showed that both due date assignment rule and dispatching rule selection affected ORR performance in a job shop.

Results from a similar study by Melnyk and Ragatz (1989) indicated that the presence of an ORR does make a significant difference in performance.  Their study also highlighted the existence of a very important trade-off in system performance - lower WIP and variability in shop load at the cost of poorer delivery performance.

Several other studies, Ahmed and Fisher (1992), Roderick, et al. (1992), etc. followed up the Ragatz and Mabert (1988) study with some variations and arrived at differing results. 

The Lingayat et al. (1995) study, in a departure from all previous studies, considered order release mechanisms in a flow shop environment.  Their results showed that the performance of the order release strategies depended on system characteristics.  All the performance measures in this study, however, were flow-time based.

THEORETICAL BASIS FOR THE STUDY

Of all the studies to date, only one, the Lingayat et al. (1995) study, looked at ORR in a flow shop environment.  This study, however, did not consider due-date related measures, even though previous studies had shown the importance of considering these measures to study the WIP/workload balance vs. due-date delivery performance trade-offs.  

There are obviously some unanswered questions.  What is the applicability of these findings in a predominantly flow based environment?  Will the effect of the interactions between different shop conditions and ORR be similar in a Flow shop?  Will the use of simple dispatching rules in combination with ORR produce significant performance improvements?  Are simple ORR techniques sufficient or are more sophisticated techniques necessary to reap the benefits in performance improvements?  Does the trade-off between reduced WIP and variance at the cost of due-date performance apply to Flow shops as well?  This study hopes to address and answer some of these questions.

In keeping with the aforementioned objectives, and based on what we know from previous findings, I put forth the following propositions that are applicable in a flow shop. 

1. The use of ORR will significantly improve shop performance.

1. The use of ORR will significantly reduce WIP levels.

2.  The use of ORR will significantly reduce the variance in workloads.

3. The use of ORR will increase the total time in system.

4. ORR use will decrease delivery performance represented by tardiness measures.

5. There is a significant interaction between ORR and the other shop conditions.

a) Use of a dispatching rule with ORR use will improve performance.

b) The degree of performance improvement will depend on shop loads – more improvement under lower loads.

METHODOLOGY

The experimental model to be used is a full factorial design between various shop conditions (predominant in previous studies) and shop performance as shown in Fig. 1.




Figure 1: Experimental Model

Simulation model

A typical flow shop, as shown in Figure 2, was used to simulate the shop. 


Figure 2: Flow Shop Layout

The shop has five machines with the machine in the center being the bottleneck machine. The bottleneck was placed in the middle to reflect the “hardest” possible position for it in the flow line.  However, queues may develop at all machines.  There is one worker per machine. 

Orders arrive according to an exponential distribution with a mean of x hours to achieve a shop utilization level of y%.  A due date is then assigned to the order based on the Total Work Content (TWK) rule.  Using TWK, the expected processing time is multiplied by an allowance factor to arrive at the due date for the order with a specified due date tightness.  The value of the TWK parameter is set based on pilot runs to achieve desired levels of due date tightness.  K was selected so that 10% of the jobs were tardy when there is no order release mechanism in place.  FCFS was used on the shop floor for dispatching.  All orders go to all machines in the sequence shown in figure 2.  Processing times at each non-bottleneck machine are obtained from an exponential distribution with a mean of x and a standard deviation of y.  Processing times for the bottleneck machine are drawn from an exponential distribution with a mean of x’. 

The shop using CONWIP was simulated using the following logic.


Figure 3: Simulation Logic for Shop with ORR (CONWIP)

Note:  The complete paper with the results, sample data, and references are available from the author upon request.
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