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OPTIMIZING THE COST AND MANUFACTURING TIME BY IMPROVING DESIGN OF MANUFACTURING Dhaval M. Patel Lecturer, Department of Mechatronics Engineering, U.V. Patel College of Engineering, Ganpat University, Kherva, Mehsana, Gujarat, India [email protected] ABSTRACT The objective of this study is to optimize the design for manufacturing in the field manufacturing industry that lead to the economical mass production of standard components. With the help of this approach any company can be defined as an enterprise that is capable of operating profitably in a competitive environment of continually and unpredictably, changing customer opportunities by improving their design of manufacturing. DFM/DFA is one methodology for achieving this goal, effective DFM/DFA practice leads to low manufacturing costs without sacrificing product quality to achieve the objective we have chosen flange as a standard component, the DFM process optimizes the product design early in the concept design phase in order to ensure that the product can be easily manufactured. In this process the product's design is simplified as much as possible with it's features being modified to fit the capabilities of the manufacturing facilities. Manufacturing time and cost are key determinant of the economic success of a product in competitive market. Key Words: Cost and Time Optimization, Design for Manufacturing, Flange 1.



INTRODUCTION



Recent years have witnessed increasingly growing awareness for long-range planning in all sectors. Companies are concerned more than ever about long-term stability and profitability. The manufacturing industries are no exception. New rising competition, new technology, uncertainty of demand, complexity of product and fluctuation of prices have all led to an increasing need for decision policies that will be ‘‘best” in a dynamic sense over a wide time horizon. Quantitative techniques have long established their importance in such decision-making problems. It is, therefore, no surprise that there are a considerable number of papers in the literature devoted to the problem of design for manufacturing in the manufacturing industries. It is the purpose of this paper to present a summary of recent advances in this area and to suggest new avenues for future research with one small example.



Narendra A. Patel Lecturer, Department of Mechanical Engineering, U.V. Patel College of Engineering, Ganpat University, Kherva, Mehsana, Gujarat, India [email protected] To survive and succeed in the global business, it is necessary to bring the competitive products in the market that will satisfy the customers with respect to quality, price and delivery. Garvin [1] proposed eight dimensions of quality that can serve as a framework for its estimation viz. performance, features, reliability, conformance, durability, serviceability, aesthetics, and perceived quality. According to Dauch [1], there are seven requirements for competing in global manufacturing. These are: ” Authentic, proven, efficient, flexible and cost effective technology. ” Uninterrupted improvement in product quality and reduction in the warranty claims. ” Feasibleness of the product and their manufacturing and assembly processes. ” Amount of time of product development and conversion of facilities must be commensurate with the market conditions. ” Tractability of the facilities, processes, suppliers and personnel. ” Sweetening of human capability by training. ” Producer price index should go hand in hand with quality. 2. UNIVERSAL DESIGN THUMB RULE FOR MANUAL ASSEMBLY The process of manual handling can be divided naturally into two separate areas, handling and insertion and fastening. Design guideline [2] for each of these areas is given below: Design guidelines for part handling: ” Avoid parts that stick together or are slippery, delicate, flexible, very small or very large or that are hazardous to the handler. ” Provide features that will prevent jamming of parts that tend to nest or stack when stored in bulk. ” Design parts that have end-to-end symmetry and rotational symmetry about the axis of insertion. Design guidelines for insertion and Handling: For ease of insertion a designer should attempt to:



” Standardize by using common parts, processes and methods across all models and even across product lines to permit the use of higher volume processes that normally result in lower product costs. ” Design so that there is little or no resistance to insertion and provide chamfers to guide insertion of two mating parts. ” Whenever possible, avoid the necessity for handling parts down to maintain their orientation during manipulation of the subassembly or during the placement of another part. 3. DESIGN FOR MANUFACTURING OVERTURE AND VANTAGES OF IMPLEMENTATION Design for manufacturing includes method or system that provides a product design that eases the task of manufacturing and lowers manufacturing cost. It is a knowledge based technique that invokes a series of guidelines, principles and recommendations for designing a product that is easy to make. ” Any reduction in the number of parts in assembly results in the overhead costs because of drawings and specifications that are no longer needed the vendors that are no longer needed, and the inventory that is eliminated. ” DFM results in simple and more reliable products which are less expensive to assemble and manufacture. ” DFM tools encourages the dialogue between the designers, manufacturing and other engineers who play part in determining final product costs during the early stages of the design. 4.



GENERAL GUIDEPOSTS MANUFACTURING DESIGN



FOR



DFM and DFA are the integration of product design and process planning into one common activity. The importance for DFM is determined by the fact that about 70% of the manufacturing costs of a product are determined by design decisions, with production decisions responsible for only 30%. The heart of any DFM system is a group of design principles or guidelines that are structured to help the designer reduce the cost and difficulty of manufacturing an item. The following is a listing of these guidelines: [3] A. Reduce the total number of parts. The reduction of the number of parts in a product is probably the best opportunity for reducing manufacturing costs. Less parts implies less purchases, inventory, handling, processing time, development time, equipment, engineering time, assembly difficulty, service inspection, testing, etc. In general, it reduces the level of intensity of all activities related to the product during its entire life. A part that does not need to have relative motion with respect to other parts does not have to be made of a different material, or that would make the assembly or service of other parts extremely difficult or impossible, is an



excellent target for elimination. Some approaches to part-count reduction are based on the use of one-piece structures and selection of manufacturing processes such as injection molding, extrusion, precision castings, and powder metallurgy, among others. B. Develop a modular design. The use of modules in product design simplifies manufacturing activities such as inspection, testing, assembly, purchasing, redesign, maintenance, service, and so on. One reason is that modules add versatility to product update in the redesign process, help run tests before the final assembly is put together, and allow the use of standard components to minimize product variations. However, the connection can be a limiting factor when applying this rule. C. Develop a modular design. The use of modules in product design simplifies manufacturing activities such as inspection, testing, assembly, purchasing, redesign, maintenance, service, and so on. One reason is that modules add versatility to product update in the redesign process, help run tests before the final assembly is put together, and allow the use of standard components to minimize product variations. However, the connection can be a limiting factor when applying this rule. D. Use of standard components. Standard components are less expensive than custom-made items. The high availability of these components reduces product lead times. Also, their reliability factors are well ascertained. Furthermore, the use of standard components refers to the production pressure to the supplier, relieving in part the manufacture’s concern of meeting production schedules. E. Design parts to be multi-functional. Multi-functional parts reduce the total number of parts in a design, thus, obtaining the benefits given in rule 1. Some examples are a part to act as both an electric conductor and as a structural member, or as a heat dissipating element and as a structural member. Also, there can be elements that besides their principal function have guiding, aligning, or self-fixturing features to facilitate assembly, and/or reflective surfaces to facilitate inspection, etc. F. Design parts for multi-use. In a manufacturing firm, different products can share parts that have been designed for multi-use. These parts can have the same or different functions when used in different products. In order to do this, it is necessary to identify the parts that are suitable for multi-use. For example, all the parts used in the firm (purchased or made) can be sorted into two groups: the first containing all the parts that are used commonly in all products. Then, part families are created by defining categories of similar parts in each group. The goal is to minimize the number of categories, the variations within the categories, and the number of design features within each variation. The result is a set of standard part families from which multi-use parts are created. After organizing all the parts into part families, the manufacturing processes are standardized for each part family.



The production of a specific part belonging to a given part family would follow the manufacturing routing that has been setup for its family, skipping the operations that are not required for it. Furthermore, in design changes to existing products and especially in new product designs, the standard multi-use components should be used. G. Design for ease of fabrication. Select the optimum combination between the material and fabrication process to minimize the overall manufacturing cost. In general, final operations such as painting, polishing, finish machining, etc. should be avoided. Excessive tolerance, surface-finish requirement, and so on is commonly found problems that result in higher than necessary production cost. H. Avoid separate fasteners. The use of fasteners increases the cost of manufacturing a part due to the handling and feeding operations that have to be performed. Besides the high cost of the equipment required for them, these operations are not 100% successful, so they contribute to reducing the overall manufacturing efficiency. In general, fasteners should be avoided and replaced, for example, by using tabs or snap fits. If fasteners have to be used, then some guides should be followed for selecting them. Minimize the number, size, and variation used; also, utilize standard components whenever possible. Avoid screws that are too long, or too short, separate washers, tapped holes, and round heads and flatheads (not good for vacuum pickup). Self-tapping and chamfered screws are preferred because they improve placement success. Screws with vertical side heads should be selected vacuum pickup.



asymmetry must be exaggerated to avoid failures. Use external guiding features to help the orientation of a part. The subsequent operations should be designed so that the orientation of the part is maintained. Also, magazines, tube feeders, part strips, and so on, should be used to keep this orientation between operations. Avoid using flexible parts - use slave circuit boards instead. If cables have to be used, then include a dummy connector to plug the cable (robotic assembly) so that it can be located easily. When designing the product, try to minimize the flow of material waste, parts, and so on, in the manufacturing operation; also, take packaging into account, select appropriate and safe packaging for the product. 5. DESIGN STUDIES



FOR



MANUFACTURING



CASE



Time and Cost Estimation for standard component Flange: We have chosen the very versatile standard component Flange for optimization purpose by applying above mention thumb rules. Figure 1 is showing AutoCAD/Pictorial views of flange and modified flange.



I. Minimize assembly directions. All parts should be assembled from one direction. If possible, the best way to add parts is from above, in a vertical direction, parallel to the gravitational direction (downward). In this way, the effects of gravity help the assembly process, contrary to having to compensate for its effect when other directions are chosen. J. Maximize compliance. Errors can occur during insertion operations due to variations in part dimensions or on the accuracy of the positioning device used. This faulty behavior can cause damage to the part and/or to the equipment. For this reason, it is necessary to include compliance in the part design and in the assembly process. Examples of part built-in compliance features include tapers or chamfers and moderate radius sizes to facilitate insertion, and nonfunctional external elements to help detect hidden features. For the assembly process, selection of a rigid-base part, tactile sensing capabilities, and vision systems are example of compliance. A simple solution is to use high-quality parts with designed-in-compliance, a rigid-base part, and selective compliance in the assembly tool. K. Minimize handling. Handling consists of positioning, orienting, and fixing a part or component. To facilitate orientation, symmetrical parts should be used when ever possible. If it is not possible, then the



Pictorial View of Flange



Pictorial View of Modified Flange



Figure 1 AutoCAD views of flange and modified flange



Time and cost were calculated with old design and effective comparison made with modified design and found satisfactorily result. Motorola DFA have been used at Motorola to simplify products and reduce assembly costs. Motorola has embraced the Six Sigma philosophy for product design and manufacturing. The design team of a two-way Handi-Talkie radios embraced the idea that designing a new product with assembly efficiency would result in lower manufacturing costs and provide the high assembly quality desired. The results of the redesign efforts for two types of vehicular adapters for different radio products are summarized in table 1 Table1 Motorola's redesign of Vehicular Adaptor Old product DFA assembly efficiency (%) Assembly time (%S) Assembly run out Fasteners



New product



Improvement (%)



4



36



800



2742



354



87



217



47



78



72



0



100



Ford Motor Company Ford has trained nearly 10,000 engineers in the DFM methodology and has contributed heavily to new research programs. Using the DFA software, teams made up of product design, manufacturing and suppliers regularly meet to review the conceptual design of their future products. Gains in the productivity are shown not only in reducing manufacturing costs, but also in the design lead time required to bring the new products to market. The adoption of these types of engineering tools is allowing ford to reap the benefits in both quality and customer satisfaction. The DFMA carried out by the Transmission and Chassis division of Ford resulted in potential savings as follows: Labor minutes: 29% Number of parts: 20% Number of operations: 23% 6. MODERN DEVELOPMENTS IN DESIGN FOR MANUFACTURING Manufacturing companies have developed many decision support tools. Recent developments in DFM research and practice have led to incorporation of DFM techniques at a variety of places in the product development process, including conceptual design, embodiment design etc. [3]



Design for Production (DFP) The DFP methodology address the relationship between a product design and a given manufacturing system using performance metrics such as manufacturing cycle time, [5]



inventory, cost and capacity. The DFP techniques include new prototyping techniques, capacity analysis, inventory models, queuing network approximations and product family optimization. Tools based on the DFP approach must be designed on specific class of products and manufacturing systems. The product development teams must identify how different design decisions affect these performance matrices and to what extent. Design phases that have large impact on manufacturing system should include DFP techniques. DFM in Embodiment Design Embodiment design includes process and material selection and involves a number of complex problems. During embodiment design, designers traditionally select processes and materials based on their own experience or the experience of manufacturing engineer. Recently developed different software like WiseproM, MAS and CES help designers select the proper combination of materials and processes. DFM in Conceptual Design Conceptual design is the process by which customer needs are translated into requirements on function and performance. DFM in conceptual design means developing functional approaches and propagating them through further design stages. Quality Function Deployment (QFD) is the most commonly used DFM tool in all the stages of product development. QFD is used to translate the voice of the customer into a set of design elements that can be deployed through a four phase process viz. Product Planning, Part Deployment, Process Deployment and Process Control. DFM and Concurrent Engineering Concurrent engineering is the practice of simultaneously developing solutions that address multiple life cycle issues. In practice, engineering systems are usually too complex to consider all issues simultaneously. Concurrent engineering and DFM is accomplished through an iterative process in which marketing experts, designers, manufacturing engineers and other personnel jump back and forth between identification of customer needs, design of products and assessment of manufacturing issues. When personnel from marketing, design and manufacturing cannot communicate, there is barrier to effective DFM and concurrent engineering. Design for Life Cycle Costs For many consumer products manufacturing represents the dominant cost. However, the manufacturer must be concerned with the costs of product development, time-to market impacts, distribution, marketing and sales, and the recycling of the product at the end of its life.



8. REFERENCES The life cycle time cost is much more difficult because different classes of products have different types of life cycles. Products that have a long field life are especially susceptible to technology obsolescence. In such industries, qualification and certification requirements may make replacing obsolete technologies and parts with newer parts prohibitively expensive. 7. CONCLUSION In all of the case studies mentioned earlier, a systematic step by step DFMA analysis and quantification procedure was used. In spite of all the success stories, the major barrier to DFMA implementation continues to be human nature. People resist new ideas and unfamiliar tools or claim that they have always taken manufacturing into consideration during design. The DFMA methodology challenges the conventional product during hierarchy. It reorders the implementation sequence of other valuable manufacturing tools such as SPC and Taguchi methods. In order to remain competitive in the future, almost every manufacturing organization will have to adopt DFA philosophy and apply cost quantification tools at the early stages of product design.
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