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ABSTRACT

In the early stages of manufacturing system design, it is critical that designers understand how decisions regarding system configuration will impact the ability to meet strategic objectives. A general decomposition of the requirements and design elements of a manufacturing system is used to link preliminary design decisions with the firm’s strategy. It will be shown how the selection of a manufacturing system configuration (job shop, FMS, “lean” cell, etc.) can impact the system’s ability to satisfy the general requirements developed in the decomposition model. These general requirements can then be related to aspects of manufacturing strategy (cost, quality, flexibility, etc.).

Introduction

It is well established in the literature that manufacturing can contribute to a firm’s competitive advantage and that to achieve this, manufacturing systems must be designed with the firm’s strategic objectives in mind. However, even when a firm does have a well-defined competitive strategy, it is not always clear to those designing manufacturing systems how design decisions will affect the ability of the system to fulfill the desired high-level strategic objectives. This paper investigates one specific type of design decision, the selection of a manufacturing system configuration, and how the possible choices can impact the ability to meet different types of strategic objectives. Different categories of objectives considered include cost, quality, flexibility, delivery performance, and innovativeness.

Chryssolouris (1992) defines a manufacturing system as “a combination of humans, machinery and equipment that are bound by a common material and information flow.” A manufacturing system configuration is simply a high-level description of such a system, giving general guidelines for its layout, the role of operators, the level of automation, material flow, etc. Four different manufacturing system configurations are considered here: Job shop / batch flow system, flexible manufacturing system (FMS), equipment-paced line, and “lean” cell system. Other possible system configurations include project shops and continuous flow systems. However, these configurations are beyond the scope of this paper; only system configurations with discrete parts moving from station to station are considered here. For more detailed descriptions of the various manufacturing system configurations, the reader is directed to the work of Chryssolouris (1992) or Miltenburg (1995) among others.

Research by Hayes and Wheelwright (1979), Chryssolouris (1992), and Miltenburg (1995) has looked at developing general relationships between system configurations and performance, with a strong emphasis on the relation of product variety to configuration selection. While such frameworks can be useful for providing general guidance, a more informative connection between configuration and different aspects of performance is desired. The work introduced here is intended to provide system designers with information describing not just how each system configuration performs with respect to the different aspects of manufacturing strategy, but also why the system has the performance characteristics that it does and what specific trade-offs exist. With an understanding of how specific elements of the system design (e.g., the layout, the role of operators, etc.) impact the ability to meet strategic objectives, system designers are better prepared to decide on an appropriate system configuration and, more importantly, to modify that system configuration if necessary to better meet the needs of the firm.

Approach for Linking System Configuration Selection to manufacturing strategy

A general decomposition of the requirements placed on a manufacturing system is used to link configuration selections to strategy. This decomposition, shown schematically in Figure 1, was developed using the principles of axiomatic design (Suh, 1990). The decomposition aims at identifying the functional requirements (FR’s) and design parameters (DP’s) that apply when a manufacturing system is being designed. These FR’s and DP’s are meant to be general enough to apply to a wide range of manufacturing environments and include various categories as shown in Fig. 1. Each box in Fig. 1 represents one functional requirement and the corresponding means to achieve it (i.e. one FR and one DP). More details on this type of approach can be found in (Cochran, 1999). The specific FR’s and DP’s of this design decomposition can be viewed online at http://psd.mit.edu/decomposition/decomposition.htm
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The characteristics of each system configuration can be mapped to this decomposition in order to identify how well each FR can be met. Each configuration has qualities that make meeting some FR’s easier and others more difficult. Figure 2 shows how this information can be viewed graphically by means of a software tool. Each configuration has its own mapping; the example illustrated is for an equipment-paced line configuration. Diagonal cross-hatching indicates a requirement that is easily met using this configuration, gray shading indicates an FR the system is likely to have difficulty in satisfying, and grid hatching indicates that the effect could be positive or negative depending on the details of the design. For example, one FR-DP pair from the throughput time section of the decomposition is “Minimize lot delay” – “Reduction of transportation lot size.” The box corresponding to this FR-DP pair is diagonally hatched, as equipment-paced lines typically move parts individually, eliminating lot delay altogether. 

Similarly, the different aspects of manufacturing strategy can also be mapped to the decomposition. Again, different mappings have been developed for each aspect of strategy. The mapping for delivery performance is shown graphically in Figure 2; boxes with heavy borderlines represent those FR’s that will have a strong impact on the system’s delivery performance. Figure 2 shows that all of the “leaves” (i.e., the FR-DP pairs which are not further decomposed) in the throughput time section of the decomposition are marked with heavy borders, as factors affecting system throughput time have a strong impact on the system’s responsiveness and delivery performance. The overall result is a tool that designers can use to better understand the relationships between configuration choices and different aspects of strategy. Figure 2 shows one example: the impact of selecting an equipment-paced line configuration on the ability to meet delivery performance requirements. Diagonally hatched boxes with heavy borders indicate performance areas in which this configuration will excel; shaded boxes with heavy borders draw attention to performance aspects that will likely prove to be troublesome. 
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Figure 2: Tool for linking system configuration selection to strategy

Discussion

This paper has presented a brief overview of an approach for linking manufacturing system configuration selection to the achievement of strategic objectives using a general decomposition of a manufacturing system’s requirements and design elements. This approach aims at providing system designers with a tool for understanding how decisions about system properties (layout, material handling, operator training, changeover times, quality programs, etc.) can lead to the success or failure of the manufacturing system at meeting the high-level objectives of the firm.
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