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ABSTRACT


Lean manufacturing is an operational approach to improving the performance of manufacturing systems. The implementation of manufacturing cells is one aspect of lean manufacturing frequently adopted. The establishment of cells often requires redesign of equipment to meet the requirements of the cell and the manufacturing system. However, companies often face difficulty in obtaining such equipment because of the recentness of lean manufacturing concepts and due to a lack of structured methods for communicating system requirements to equipment designers. This paper reviews some of these requirements and presents a structured approach that enables companies to design equipment suitable for manufacturing cells.

INTRODUCTION


Lean manufacturing, (Womack 1990), is a term given to a broad set of management and manufacturing methods first used by Toyota (Monden 1993), to achieve a system for production of high quality automobiles at low cost. There are many names given to the various methods associated with lean manufacturing such as JIT, kanban, pull, poka-yoke, heijunka, cells, single-piece flow, 5S, and kaizen. Essentially, all of these terms describe approaches to reduce variation in processes thereby improving quality and reducing manufacturing costs. The implementation of manufacturing cells is one of the more commonly used elements of lean manufacturing that achieves these goals. Cells are able to incorporate other aspects such as pull production (kanban and heijunka) by permitting single-piece flow (producing one part at a time). 

However, before a company can launch a manufacturing cell, both processes and equipment have to be designed so that the cell can operate effectively within the manufacturing system and meet its requirements. Cells present unique design and operating challenges to equipment designers such as a high degree of process integration and man-machine interaction in relatively small spaces. Therefore, to ensure that equipment meets such manufacturing system requirements a design approach is needed that provides structure for communicating and analyzing requirements from the concept to the detailed design phase.

MANUFACTURING SYSTEM DESIGN AND AN EQUIPMENT DESIGN APPROACH

In the initial concept design stage of a manufacturing system, there is often a great deal of uncertainty about objectives that it must meet. Knowledge of data such as the number of product variations, future customer demand, and other production planning requirements are often estimates at this stage that are subject to frequent revision. Application of analytical tools at this stage is premature and such tools are often ill-suited to the volatility and incompleteness in manufacturing data. To deal with the lack of formal methods at this design stage, a top-down, functional design approach has been developed to guide design of the manufacturing system from the initial statement of high level business objectives to their later translation into lower level, more detailed design requirements, (Cochran 1999). The approach based on Axiomatic Design (Suh 1990), is a structured approach that allows functional requirements (FRs) to be mapped to design parameters (DPs) which in manufacturing system design correspond to subsystems such as cells and equipment. Furthermore, it provides understanding of the many interdependencies that arise between these subsystems. Also, the manufacturing system design decomposition (Figure 1) provides a means to relate high level objectives to the design parameters of the subsystems.

As an example of subsystem design, an equipment design approach, Arinez (1999) has been proposed that offers the procedural and quantitative link to requirements from the manufacturing system decomposition. The approach consists of the four major steps shown in the center of Figure 1. The first step deals with identifying the set of system requirements (blacked out in Figure 1) that influence equipment design from the decomposition. Secondly, this set must be transformed in a manner (view creation) that permits them to be understood by the various parties involved in the design of equipment. The third step is the generation of the equipment design decomposition from these requirements (far right in Figure 1). The final step is the validation of the resultant equipment design on the basis of whether it meets systems requirements and its effect on the performance of the manufacturing system design.
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Figure 1. Equipment design approach based on a manufacturing system design decomposition.

MANUFACTURING CELLS AND EQUIPMENT REQUIREMENTS

A manufacturing cell may be defined as a group of equipment that may be manual, semi-automated, or fully automated and is operated by humans. Cells are often dedicated to a family of products (discrete parts, sub-assemblies, or entire assemblies) and can be comprised of a combination of fabrication, assembly, and test operations. Equipment in a manufacturing cell is arranged in order of operation sequence according to single-piece-flow. Operators in the cell follow standard work routines and additionally perform the following tasks: material handling, equipment changeover, routine equipment maintenance, quality assurance, and production control. Thus, the role of the human operator is critical to a cell’s performance and continual improvement. For these reasons, the man-machine interface is an important source of many equipment design requirements.

Equipment requirements for cells may be broadly grouped into two categories: intracellular and extracellular requirements. Intracellular requirements are those that specify how the equipment must function within the cell. Some examples of these include material conveyance between adjacent machines, operator load heights, and location of user interfaces on a given machine. Requirements that state how the equipment must interact with systems external to the cell are called extracellular requirements. Examples here can include specifying locations on equipment for material replenishment (and type of containers), maintenance access points, waste removal (chips, coolant), and utility connections. This latter category is also particularly important when designing linked-cells (Black 1991), as equipment in both fabrication and assembly cells must be designed for a common material handling container.

EQUIPMENT DESIGN EXAMPLE

· The manufacturing system decomposition along with the equipment design approach in Figure 1 provides the two types of cellular equipment requirements in a manner that is structured and provides traceability. Consider the intracellular equipment requirements (FRa-DPa and FRb-DPb ) in Figure 2 where an operator moves from machine to machine, loading parts into one machine and moving previously automatically unloaded parts into the next. The pair FRa-DPa describes the need for the operator to not be constrained to a machine. Thus, autonomous operation of machines means that they can run unattended and requires design of proximity sensors (in machine and fixtures) to detect presence and absence of part and operator. The second pair FRb-DPb reflects the need to reduce operator motion between machines implying that the space between adjoining equipment must be reduced. Equipment must be designed without side access panels and instead rear located utilities and subsystems (i.e. coolant pumps).
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Figure 2. Design of cellular manufacturing equipment for improved man-machine interaction.
DISCUSSION

The design of equipment to operate effectively in manufacturing cells involves considering a wide diversity of system requirements. Furthermore, lean manufacturing emphasizes the role of the operator in improving processes and equipment, especially the man-machine interface. The manufacturing system decomposition presented provides improved understanding to equipment designers because requirements are decomposed from high-level system objectives. These high level views may be then communicated to designers with the proposed equipment design approach.
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