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Chapter One Summary: Getting the Big Picture
[bookmark: _GoBack]Engineering Design
Engineering design is an integral part of the product realization process which incorporates other activities such as marketing, sales, industrial design, production planning, service, production, and eventual disposal. Engineering design can be defined as a group of decision-making activities and processes that are used to govern an object’s form given the functions wanted by the customers (Eggert, 2010). It is an exciting, satisfying, challenging, and rewarding process that constitutes activities that need us to work with different individuals within and without the company. As a group member, this section provides the information on how to gain a common understanding of the design problem, alternate solutions, and ways of resolving group conflicts to provide a framework for logical group decision making.
First, the engineering design is exciting since we compete in global markets by engineering numerous products like aeroplanes, artificial hearts, motorcycles, spacecraft, machine tools, home appliances, and automated assembly equipment. Likewise, it is challenging as we have to find solutions that are superior, better, cheaper, lighter, faster, and safer. Engineering design is personally satisfying in that we can use creativity to fuse new ideas, the use the skill and knowledge in Sciences, Mathematics, and manufacturing to envisage how well the new designs will behave before they are built (Dym, Little, & Orwin, 2014).  It is rewarding since we can see how the hard work results in the realization of new products that satisfy the needs of human beings.
The chapter examines engineering analysis problems and differentiates them from the design problems. The most significant element about engineering design in comparison to engineering analysis is that engineering design contains analysis. All activities in the engineering design are linked to the development of the best products to satisfy the customer needs. The analysis is one part of the bigger picture. Manufacturing firms pay engineers for the analysis since it contributes to the products’ quality and eventually in customer satisfaction, who actually pays for the engineer’s salary. When solving the engineering design problems, there are multiple evaluation criteria that have to be taken into account since the design problems entail making trade-offs where one performance attribute enhances while the other attribute degrades. Likewise, engineering design requires the making of group logical decisions as well as equation solving for the numerical analysis.
Next, the chapter examines how engineering analysis is an integral part of the overall design process as it allows teams to focus on the right subproblem at the right time and aids in gathering and processing the right information. The process evolves over time in five design phases from the documentation of the customer needs to the comprehension of the finished product. The first step is the concept design step where there is the synthesis of various candidate principles and their abstract epitomes. The second step is the configuration design phase where alternative configurations are created, analyzed, and appraised. Thirdly, the parametric design stage entails the determination of values for the controllable parameters identified as unknown variables in the configuration phase. The fourth step is the redesign phase that constitutes generation, re-analysis, and evaluation, of new candidate designs with novel values for the design variables. The last stage, the detail design phase determines the remaining product specifications and assembly procedures.
The third part of the chapter examines how engineering designs an integral part of the manufacturing product realization process. The product realization process is the means by which the customers’ needs are transferred into realized products and involves a set of physical activities and cognitive decision-making activities that involve the entire firm where new products are conceived, produced, distributed, serviced, and disposed of. Hence, we can conclude that engineering design is one part of the bigger picture, the product realization process that involves numerous departments and personnel throughout ought the product lifecycle. The engineers are deployed throughout the product realization process to apply their technical, mathematical, and problem-solving abilities.
Lastly, the chapter highlights product development in the context of concurrent engineering and team-based decision making. Formerly, the over-the-wall product development techniques were used. Here, customer requirements information was normally forwarded to the design group with no follow-up as the product design specifications were handed to manufacturing team for production (Carter & Baker, 1992).  The processes were marred with lesser interactions in the product development resulting in miscommunications and delays in production. First, concurrent engineering is a team-based approach to product design where the team members that represent critical business functions work together and are coordinated by a senior manager (Eggert, 2010).
The goal of concurrent engineering is to attain superior product designs. The concurrent engineering teams are usually collocated and coordinated in that the quality and quantity of communication is enhanced which results in teamwork, customer loyalty, and camaraderie. Similarly, the senior manager has adequate authority and responsibility to make timely decisions and commit the resources effectively. Teamwork in product realization encompasses various individuals such as employees, customers, vendors, and consultants who contribute to the realization of the new or revised products. Lastly, the departments, projects, and product development teams can improve their effectiveness by studying the features of successful professional sports teams.
Chapter Two Summary: Defining and Solving Design Problems
A design problem can be defined as product or process deficiency that needs resolution or a product or process opportunity that needs consideration. Some design problems involve fairly simple, one-piece products that are shaped from one material while others are the complex product such as aircraft with thousands of components with varied materials on the manufacturing processes. Besides, some design problems entail identifying the differences between a consumer and customer. Technological readiness can be used to characterize various design problems types. Lastly, design problems can include different volumes of production like either one of kind of products or mass-produced products (Eggert, 2010). The second chapter encompasses the description of the basic anatomy of products and process plants to establish the nomenclature of component and process terminology.
Products might constitute parts and sub-assemblies which can either be standardized or special purposed which are the fundamental components that are arranged in structured assemblies. On some occasions, the design engineers design the process plants which is a combination of systems and pieces of equipment that are used in processing energy or materials. There are various designs or design activities used in production namely, the variant designs, adaptive designs, original design, selection design, part, assembly and product design, configuration design, and redesign.
The variant designs seek to modify the performance of existing products by varying some of the values of the design variables or product parameters like production processes, size, or materials (Pahl, Beitz, Blessing, Feldhusen, Grote, & Wallace, 2007).  The adaptive designs are designed which entails adopting a known solution to accomplish new tasks. The original designs refer to conceiving and embodying original and innovative concepts for given tasks. Furthermore, the selection design constitutes matching the desired functional requirements of components with the actual performance of standardized components that are listed on the catalogues provided by the vendors. The part, assembly, and product design are characterized based on if the parts, assembly, or products that are designed. This is in reference to the complexity of the components, design of standard parts, the standard design of the assembly, or the custom-made assemblies of the product design. Moreover, the design can also be characterized by the type and timing of the information that is being processed in the different design stages namely, concept, configuration, parametric, and detail design (Ulrich & Eppinger, 2016).  Lastly, the redesign is devoted to making modifications to improve the products by modifying the parts.
Alternative strategies can also be applied when solving the design problem. Dependent on the situation, a self-evident solution strategy can be used to solve the problem (Eggert, 2010). The selection of apt strategies is easier when ample information has been availed such as the cause of the design problem and the levels of customer satisfaction. But, in most cases, all information is rarely availed, so the self-evident strategies are seldom obvious, particularly under the complex components like special-purpose subassemblies. One of the main factors that lead to choosing the correct, initial solution strategies containing the correct information, one of the core objectives in design problem formulation as discussed in the next chapter.
Chapter Three Summary: Formulating a Design Problem
The formulation of a design problem can be an exciting and challenging activity as one pursues dead-ends and have to backtrack. Also, during the investigation, one will find that some of the information can be inaccurate, false, uncertain and misleading. At the onset, the description of the design problem lacks the kind of information needed for successful design and manufacturing as it is too general, false, or not technically specific (Ulrich & Eppinger, 2016). As time progresses, an overall understanding of the situation is identified since the problem has been familiarized after probing into different sources to get more details of the design problem. The facts are systematically pursued to build a robust foundation for solving the design problem.
The procedure for formulating the design problem encompasses four major activities: seeking information, interpreting the information, gaining consensus, and obtaining the approval of the management team. First, the collection of information from diverse sources like surveys, focus groups, literature, and other market studies will offer an in-depth understanding of the specific needs of the customer and the competition. The second activity entails the translation of the raw data by detailing the functional requirements of the parts, assembly, or products, the desirable performance, necessary constraints, targets, and the evaluation criteria. The third activity entails the team members discussing their own interpretations of the data, reviewing their conclusions, and probing deeper into the sources of the data. The team members then prepare the preliminary engineering design specifications which are essentially a written summary of the design problem (Eggert, 2010). Lastly, to keep the management team informed and seek their approval, the team member presents the preliminary engineering design specification during the design review meeting or technical reports.
The quality and quantity of the information obtained is largely dependent on if the design problem applies to a part, subassembly, or the product which is classified broadly as either customer or company requirements. The customer requirements which ought to be taken into account to maximize the level of customers' satisfaction include function and performance, safety, economic, operating environment, maintenance, repair, reliability, ease of use, pollution, human factors, and appearance. The company requirements normally pertain to the marketing, financing, and manufacturing requirements since the firm have made substantial investments at the product development phase, manufacturing ramp-up before any sales revenue are generated.
In the initial phases of the design formulation process, information on the customer or company requirements, constraints, engineering characteristics, constraints, and customer satisfaction is examined and evaluated. The engineering characteristics are used in the quantification of how well the existing product and future product designs fulfil either the customer or company requirements. The customer satisfaction curves are used to portray the acceptable upper and lower limits of an engineering characteristic and incremental level of customer satisfaction for given changes in the performance (Paul et al., 2016). A quality function deployment is a team-based approach that draws on the experience of the members of the group to carefully integrate the voice of the customers in all company activities. The discussions are summarized into four major houses of quality diagrams that structure products, parts, processes, and production information in a bid to achieve a higher level of consensus and high-quality products that meet the needs of the customers. The constraints are the function or form of restriction that limits the freedom to design which have to be explicitly stated during the formulation of the design problem.
The engineering design specification is a document that is used in the summarization of critical product design requirements that is aimed at correcting any misunderstandings and clarifying terminologies among teams from other departments. Team members’ consensus can be developed using the concurrent engineering techniques while preparing the house of quality planning for product planning and subsequent EDS.  The various activities that foster the building team member consensus in engineering design include a detailed understanding of the design problem, compiling the design specifications, preparing the house of quality, and devising a project plan (Carter & Baker, 1992). To sum up, the careful formulation of the problem using through and systemic designs will lead to the effective problem-solving.
Chapter Five Summary: Selecting Materials
As the product design develops in the configuration and parametric phases in the design process, there is the need to select specific materials for each special purpose part and standard parts by having optional materials from the suppliers. Materials play a significant role in the manufacturing of different parts and components in the design. Hence, suitable selection of the materials for a given application improves the economy, working and overall life of the last part and components. A successful product should work and must be manufacturable hence making the decisions of selecting material is hard. The material properties, product geometry, product functions, and manufacturing processes are interrelated.
The material properties can either be the physical or mechanical properties of the materials. The mechanical property is a quantity that characterizes the material's behaviour in response to the external forces such as strength, stiffness, ductility, hardness, toughness, creep resistance, wear coefficient, and the coefficient of fraction (Eggert, 2010). On the other hand, the physical properties are used in the definition of the physical state of the materials and are autonomous of the chemical nature. Some of the physical properties include the thermal and electrical conductivity, heat capacity, friction, corrosion, and resistance.
The main families of materials include metals, polymers, ceramics, and composites. First, the metal class of materials are described as strong, stiff, ductile, creep resistant, thermally conductive, impact resistant, heavy, temperature tolerant, medium hard but not corrosion resistant. Secondly, the polymer class of materials can be described as thermally and electronically insulating, strong flexible, not creep resistant, impact resistant, lightweight, temperature sensitive, soft, and corrosion resistant. The ceramics class of materials are strong in compression, brittle, stiff, weak in tension, thermally and electronically insulating, not impact resistant, medium weight, and temperature tolerant, hard, and corrosion resistant. The composites class of materials are heterogeneous blends of polyester or epixy fibers and resins made from glass, Kevlar, metal, and carbon materials. They are stiff, non-conducting, light, moderately corrosion-resistant, and temperature sensitive.
Whether the part will fulfil its functional performance requirements is dependent largely on the geometry which also depends on the chosen manufacturing processes which in turn, depends on the materials that are selected (Dym Little, & Orwin, 2014). This chapter highlights two methods for addressing the selection of materials problem. The screening approaches include materials first and the manufacturing process first techniques and rate or ranking approaches are used to narrow down the choice of materials in the configuration design phase. The materials first technique is applied by screening out the materials that will not meet the part’s functional requirements by comparing information on the engineering design specification to the mechanical and physical properties of the material classes. Secondary screening can be used to narrow down the process further by considering the parts information like size of the parts, volume of production, and complexity of parts. The manufacturing process first method entails the screening of the manufacturing processes that will not satisfy the part considerations like the size of the parts, production volume, and complexity of parts.
The next step is to screen the feasible properties that are compatible with material classes by comparing the properties of the materials to the requirements of the EDS. The rate or ranking methods are used in refining the choice of materials by rating the relative performances using material indices (Ashby 1999). To sum up, the using the materials first or the manufacturing process first techniques, one can examine the compatibility and suitability of the alternate materials and manufacturing processes. Then the remaining materials for manufacturing can be rated using the weighted rating approach. As the process shifts from screening to evaluation, the volume of material and manufacturing processes decline. The screened materials are normally rated using the function of performance. The resultant materials are the best materials and manufacturing processes that are recommended for additional analysis and assessment that is done in the parametric design stage of the design process.
Conclusion
Engineering design can be defined as a group of decision-making activities and processes that are used to determine an object’s form given the functions desired by the customers. It is an exciting, satisfying, challenging, and rewarding process that constitutes activities that need us to work with different individuals within and without the company. The design process evolves over time in five phases namely the concept design, configuration design, parametric design, redesign and detail design phases. This article provided a discussion on the definition and solving design problems. The procedure for formulating the design problem encompasses four activities: seeking information, interpreting the information, gaining consensus, and obtaining the approval of the management team. In the initial phases of the design formulation process, information on the customer or company requirements, constraints, engineering characteristics, constraints, and customer satisfaction is examined and evaluated. The careful formulation of the problem using through and systemic designs will lead to the effective problem-solving.
Materials play a significant role in the manufacturing of different parts and components in the design. Lastly, once the product design develops in the configuration and parametric phases in the design process, there is the need to select specific materials for each special purpose part and standard parts by having optional materials from the suppliers. The screening approaches include materials first and the manufacturing process first techniques and rate or ranking approaches are used to narrow down the choice of materials in the configuration design phase. The screened materials are normally rated using the function of performance. The resultant materials are the best materials and manufacturing processes that are recommended for further analysis and evaluation that is done in the parametric design phase of the design process.
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