INTRODUCTION
IF YOU LOOK around, what do you see? A lot of things—most of them made by humans. We can split our world into the natural (things created by nature) and the human-made. In fact, we humans have created most of what we encounter. We can further divide made things into those that are constructed and those that are manufactured. But, as we will see, the distinction between construction and manufacturing is beginning to blur. In this chapter, we discuss manufacturing, the use of tools, materials, people, and other resources for making things.
CHAPTER 5
MANUFACTURING

SECTION 1 Manufacturing Systems

SECTION 2 Quality and Quality Systems

SECTION 3 Automated Manufacturing

SECTION 4 Changes in Manufacturing Methods and Processes
SECTION 5 Manufacturing as a Global Enterprise

Why do we make things? There are a number of reasons, including practical or utilitarian use and consumption or sale. Consider this: How quickly can you find five products around you that are manufactured? How about ten? It’s not too difficult, is it? In fact, if you take one of these products—say your cell phone or iPod—and break it down into its component parts, you will find that each of these parts is also manufactured (see Figure 5.1).
In the beginning, manufacturing was the work of craftsmen or highly skilled artisans. Pursuit of this vocation required working as an assistant to one of these artisans—serving as an apprentice (see Figure 5.2). The apprenticeship model—individual artisans making things with the help of apprentices—was more of an art than a science. The practice continued until the industrial revolution. With the industrial revolution came the modern manufacturing plant and the use of scientific principles in the creation of goods. When we discuss manufacturing, we include all the processes required for the production of a product and its components. No longer the art of a single craftsperson with very specialized knowledge, manufacturing now involves teamwork and working in collaboration with other disciplines, including materials science, engineering, and design.

As you saw from our earlier “thought experiment,” manufacturing impacts nearly every facet of our daily lives and has been and remains a critical piece of the national and global economy, making significant contributions to the national infrastructure and national defense. Unfortunately, the rising cost of manufacturing (labor, materials, and physical plant) has forced many companies and even entire industries to close their operations or move them to other nations. This phenomenon—referred to as offshoring—continues to challenge employers and workers alike. New and emerging technologies and approaches to manufacturing have afforded some pockets of growth in advanced manufacturing and employment opportunities, but even in the best of times, manufacturing is not without potentially significant social and environmental consequences. These consequences include clean-up costs and remediation of hazardous waste and health risks to workers. In the United States, we regulate manufacturing industries through labor and environmental laws (Figure 5.3). Working to comply with these laws impacts the cost of manufacturing a product, but it also serves to strike a balance between making a profit, pleasing customers, and protecting the environment and workforce.
[[Insert Figure 5.1 here]]

[[Insert Figure 5.2 here]]

[[Insert Figure 5.3 here]]

SECTION 1: Manufacturing Systems

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Durable goods are designed to operate for a long period of time, while nondurable goods are designed to operate for a short period of time.

· Manufacturing systems may be classified into types, such as customized production, batch production, and continuous production.

· Common manufacturing systems include job shop, flow shop, project shop, continuous process, and the newer linked-cell system.

· The pressure to keep costs down and simultaneously meet customer demands is always balanced by the need for quality and reliability.
· The overarching goal in manufacturing is to design and implement manufacturing systems that provide low cost, superior quality, and on-time delivery.

· Chemical technologies provide a means for humans to alter or modify materials and to produce chemical products.

[[End Key Ideas > Box here]]

Basic machine tools were invented and developed during the first industrial revolution. These led to initial efforts at mechanization and automation and the introduction of factories. Factories allowed us to aggregate resources at a single site with readily available power. The layout of early plants was functional, based on types of machines or operations. Often, factories were placed along rivers, where a waterwheel was used to power overhead shafts that then powered individual machines. Eventually, these methods of power generation were replaced by steam engines and later electric motors. As the modern electric power grid and its supporting infrastructure were developed and built, localized power gave way to power generation that could take advantage of so-called “economies of scale.” In other words, a large, centralized power plant (Figure 5.4) could generate and distribute power much more cheaply and efficiently than waterwheels, steam engines, or electric motors at a factory.

[[Insert Figure 5.4 here]]

What is a manufacturing system? To define a system, we have to clearly identify the system’s boundaries or constraints, as well as how well the system responds to external forces. We should have some means of predicting this behavior based on input parameters. Often, we attempt to express the way the system works through a model—usually a mathematical model that can be programmed into a computer and used to control the process. A system has a number of objectives (cost, quality, etc.), but we must optimize the whole, rather than the subsystems. To operate the system, we must gather information and communicate with decision-making processes. Subsystems include people, product design, and materials. Other issues arise from social, political, and business environments that are unique to a particular company.

Figure 5.5 generalizes a manufacturing system. Inputs can include materials, energy, and information. The system itself includes people, machines, and materials-handling equipment. Outputs are another matter. These depend on what we are manufacturing. The most common output is some sort of consumer good, but often the output of one system is the input for another system. Consider the components that make up your electronic devices.
Two of the biggest challenges in any manufacturing system are managing material availability and predicting and reacting to demand. If there’s a huge demand for your product, as there has been for the Nintendo Wii, you will want to make as many items as possible to meet that demand. Your ability to make products, however, depends on availability of components. Our outputs or products can be classified into durable and nondurable goods. Durable goods are designed to operate for a long period of time, while nondurable goods are designed to operate for a short period of time. A durable or hard good has a long useful life. Automobiles, appliances, business and electronic equipment, and home furnishings and fixtures are all examples of durable goods (Figure 5.6). Conversely, nondurable or soft goods have a lifespan of less than three years and are often consumed when used once. Examples of nondurable goods include food and beverages, cleaning products, office supplies and paper products, and cosmetics and other personal products.

Manufacturing Systems

Common manufacturing systems include job shop, flow shop, project shop, continuous process, and the newer linked-cell system. Table 5.1 shows a list of manufacturing and service industries. Each of these industries can be classified by one of four classical manufacturing systems, or a combination of the four. Generally, manufacturing systems may be classified into types, such as customized production, batch production, and continuous production.
These classifications describe the nature of the process and, in particular, the output or product. The systems include the job shop, flow shop, project shop, and the continuous process. We can build on these classical systems with the newer linked-cell system. The classical assembly line, pioneered by Henry Ford, is an example of a flow shop system.

The job shop is a flexible system because it can support a wide variety of products being manufactured and therefore is useful for small lots or jobs or custom products (Figure 5.7). To support such a wide variety of products, the production equipment must be general purpose and workers must be highly skilled and able to perform a range of different functions. An example of a job shop would be a small machine shop that makes parts for the aerospace industry. In a job shop plant, equipment is typically arranged according to function or manufacturing process. While this system works well for small jobs, it does not scale well—meaning that we cannot easily increase the volume or quantity of production.
[[Insert Figure 5.5 here]]

[[Insert Figure 5.6 here]]

[[Start Table 5.1 here]]
Table 5.1 | Production and Service Industries and Their Corresponding Manufacturing System
	
	EXAMPLES

	TYPE OF MANUFACTURING SYSTEM
	SERVICE
	PRODUCT

	Job Shop
	Auto Repair
	Machine shop

	
	Hospital
	Metal fabrication

	
	Restaurant
	Custom jewelry

	
	University
	Flexible manufacturing systems (FMS)

	Flow shop or flow line
	X-ray
	TV factory

	
	Cafeteria
	Auto assembly line

	
	College registration
	

	
	Car wash
	

	Cell or Cellular
	Fast-food restaurant
	Family of turned parts

	
	Food court at mall
	Composite part families

	
	10-minute oil change
	Design families

	
	
	Manned cells

	
	
	Robotic cells

	Project shop
	Producing a movie
	Locomotive assembly

	
	Broadway play
	Bridge construction

	
	TV show
	House construction

	Continuous process
	Telephone company
	Oil refinery

	
	Phone company
	Chemical plant


[[End Table 5.1 here]]

For higher production runs, we can use the flow shop or flow line system (Figure 5.8). Unlike the more generic job shop approach, the flow shop approach is tailored to produce a particular product. The layout of the manufacturing plant is designed to produce a specific product or family of products. The name even describes how we would like the product to move—flow—through the plant. Often, the factory may have been designed and built for that very product. This type of system requires a large capital investment—the initial cost of the factory, equipment, and tooling. Because of this large initial investment, it is difficult to justify this type of system for small or custom production runs. Workers in this environment are typically less skilled than those in a job shop environment, since most of the production skill is built into the machinery. This system describes the classic assembly line that has enabled mass production and mass consumption. Most factories combine features from both the job shop model and the flow line.
[[Insert Figure 5.7 here]]

[[Insert Figure 5.8 here]]

The project shop takes a contrasting approach to the flow shop. Rather than the product flowing from station to station, in the project shop the product remains stationary and people and machinery come to it. This process—though cumbersome—is often necessary because of the size and weight of the product. Industries requiring this approach include the aerospace, shipbuilding, and locomotive industries (Figure 5.9). You will see this technique referred to as fixed-position layout or fabrication. Realize that each of these large manufacturing jobs—ships, aircraft, and locomotives—is made up of smaller subassemblies and components. These smaller pieces are often manufactured in job shop or flow shop environments and brought together for assembly.

In the last of our four classical systems—the continuous process—we take the concept of flow literally. In this system, rather than having a product move or “flow” from station to station, our product actually flows. Examples include food processing, oil refineries (Figure 5.10), and chemical processing plants. The continuous process is an option whenever our product can physically flow—liquids, gasses, and even powders. Chemical technologies provide a means for humans to alter or modify materials and to produce chemical products. These systems are usually the simplest, but also the least flexible for manufacturing. Once a continuous process system is up and running there is very little intervention or “work” needed, except to ensure we have a continuous supply of our raw material.

[[Insert Figure 5.9 here]]

[[Insert Figure 5.10 here]]
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Jigs and Fixtures Long before the industrial age, in fact, since humans first began to make things, jigs and fixtures have existed to aid skilled craftsmen and the modern factory worker in doing their jobs. A jig is a tool—often viewed as a template or guide—which is used in the trades and in manufacturing to control the location and motion of a tool. There are as many jigs as there are craftsmen and factory workers. It is not uncommon for individuals to create jigs to perform a specific job or function. In addition to increasing productivity, jigs aid a worker in performing repetitious, sometimes mundane tasks and, most importantly, increase the precision and repeatability of an activity. This precision and repeatability enable us to create parts that are exact duplicates of one another. Let’s consider what happens when we move into a new house or apartment. We are usually given a key to the front door but not a key for each member of the family. We remedy that situation by a trip down to our local hardware store. An employee at the hardware store takes our key, clamps it into a “key cutting” machine, along with a key blank that matches our key. She starts the machine and a cutting tool follows the profile of our original key to cut into the blank and create an exact duplicate (Figure 5.11). This process takes no more than a couple of minutes and provides us with the additional keys we need. In this example, the key is actually the jig and the “key cutting” machine and the mechanism to clamp down key and blank is a fixture—which we discuss below.
In manufacturing, a fixture is used to hold objects in place so that the object can be machined or assembled. Unlike jigs, which are used to guide a cutting tool along a prescribed path, a fixture holds the part in one place—fixes it—while a tool or cutter moves relative to the part. The primary benefits of using jigs and fixtures include reduced production costs and time, consistent and repeatable quality, and improved safety. With the growth in popularity and use of numerical control (NC) and computer numerical control (CNC), the use of jigs and fixtures is not nearly as widespread.
Linked-cell or cellular manufacturing is a more recent trend. In this approach, a plant floor is composed of a series of linked cells. A cell is usually a U-shaped arrangement of machinery allowing processes to be grouped according to the sequence of operations required to make a product. A cell can be either manned or unmanned (see Figures 5.12 and 5.13). An unmanned cell is a robotic cell. In either case, a worker or robot moves from machine to machine in the cell, loading and unloading parts and performing whatever tasks are required. Often the machines in the cell can perform their tasks without user intervention. The user or robot unloads a previous part, loads a new part, starts the machine and moves to the next machine in the cell. Every complete cycle around the U-shaped cell is a completed part.

[[Insert Figure 5.11 here]]
[[Insert Figure 5.12 here]]

[[Insert Figure 5.13 here]]

[[Start Table 5.2 here]]

Table 5.2 | Advantages and Disadvantages of the Five Manufacturing Systems
	
	JOB SHOP
	FLOW SHOP
	PROJECT SHOP
	CONTINUOUS PROCESS
	CELLULAR

	MACHINES
	Flexible, general purpose
	Single purpose
	General purpose, mobile
	Specialized
	Simple

	LAYOUT
	Functional
	Flow-based
	Fixed-position
	Product-based
	U-shaped

	SETUP (TIME, FREQUENCY)
	Long, frequent
	Long
	Variable,
	Custom
	Short, frequent

	WORKERS
	Highly skilled, single function
	Lower-skilled, single function
	Highly skilled, specialized
	Varies
	Multifunctional

	INVENTORY
	Large (variety)
	Large (buffer)
	Usually large
	Very large
	Small

	LOT SIZE
	Small-medium
	Large
	Small
	Very large
	Small

	LEAD TIME
	Long
	Short
	Long
	Very short
	Short


[[End Table 5.2 here]]

Table 5.2 summarizes the advantages and disadvantages of each of these five manufacturing systems. For any of the processes, interchangeability of parts increases the effectiveness of manufacturing processes.

For any of these processes, there is a constant overarching goal to reduce manufacturing costs and make improvements in productivity. For example, on a million-piece run (flow shop or continuous process), saving a couple of seconds per part can provide a tremendous profit. If we consider a million-piece production run and assume a savings of two seconds per part, the total savings would amount to the equivalent of nearly seventy-five eight-hour production shifts. For smaller runs, reductions in time have little impact on the cost, requiring us to find other means of cutting costs. Manufacturing costs are also affected by other factors, requiring that we make efficient use of workers, materials, and machines. Looking at the various systems and the inputs and outputs of a manufacturing system, it’s not surprising that we spend a lot of time scheduling and planning. In fact, the complexity of a typical manufacturing system requires considerable attention to scheduling and planning. We must factor into these schedules delays due to design changes, material shortages, emergencies, machine downtime, quality issues, etc. One approach is to create a buffer at each machine or station, which unfortunately results in a large inventory.
Trends in Manufacturing There are a number of new trends in the design of manufacturing systems. There has been an explosion in the number and variety of products available. More choices mean smaller lot sizes and smaller manufacturing runs—not the cheapest way to produce a product. Gone are the days of Henry Ford providing a single Model T version of his product (Figure 5.14). We have to be able to customize, or provide models A through Z and even models we have not yet conceived of. Another factor is the increasing use of manufacturing cells and the implementation of a process called Just-In-Time, or JIT, manufacturing.
Think of how customization and JIT impact your daily life. When you go to your local fast-food restaurant, do you want the standard burger listed on the menu? Perhaps not. Often you may ask for “no onions” or “extra cheese.” In doing so, you’ve forced the restaurant to customize your product. If they don’t, they run the risk of losing your business. What about JIT? Consider a late lunch—say three o’clock. Do you want the burger and fries that have been sitting under the heat lamp since the lunch rush? Or do you want your food made fresh? If you’re like most people, you prefer a fresh burger and fries, or Just-In-Time burgers and fries. Imagine what these customer constraints do to a business—they’re trying to sell their product at the cheapest price possible to maximize their profits.
[[Insert Figure 5.14 here]]

Other factors that impact how we design manufacturing systems include continued customer demand for better quality, more precision, reduced cost, and on-time delivery, as well as the availability of new materials and manufacturing processes. What about the costs of energy, materials, materials handling, and labor? These are all factors that impact how we set up our manufacturing systems. What about reliability and its implications for potential liability suits? If the pressure to get our burger to our customer cheaply, quickly (JIT), and the demand for customization cause us to undercook the meat, we have opened the door to contamination by bacteria and E-coli and to potential lawsuits. Other businesses are no different—the pressure to keep costs down and simultaneously meet customer demands are always balanced by the need for quality and reliability. The overarching goal in manufacturing is to design and implement manufacturing systems that provide low cost, superior quality, and on-time delivery. There are a number of techniques for achieving this goal.

[[Start Section one Feedback > here]]

SECTION ONE FEEDBACK >
1.
Identify ten products around you that are manufactured. How many of them do you use daily?

2.
Make a visit to your local hardware store to examine the “key cutting” machine. Ask a few questions of the operator, including: How long does it take to duplicate a typical key? What’s the failure rate—that is, how often does a customer return with a key that didn’t work? How many key are made on a typical day? How much training is required to operate the machine?
3.
Of the ten manufactured products identified earlier, how many would you consider durable goods and how many nondurable? Explain your rationale for each.

4.
List the four classical manufacturing systems and identify three products that could be produced in each.

[[End Section one Feedback > here]]

SECTION 2: Quality and Quality Systems

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The pursuit of quality begins at product conception, and follows through the design, analysis, manufacture, and delivery of the product to the customer.

· Materials have different qualities and may be classified as natural, synthetic, or mixed.

· A fundamental challenge in designing and manufacturing a new product is balancing the cost of measuring, assessing, and controlling quality versus the benefits.
· Companies must produce products that are competitive in price and better in performance than others on the market.

· Total Quality Management extends beyond manufacturing a product into design, analysis, marketing, sales, distribution, and billing.

· Servicing machinery keeps it in good operating condition.

· Safety and quality are issues of great concern to all engineers, who must ensure that when products fail, they do not become safety hazards.

[[End Key Ideas > Box here]]

Quality is a difficult concept to define, because it means different things to different people. The manufacturing process is where we measure and maintain quality, but it is not where the pursuit of quality begins (Figure 5.15). The design process—starting at conception—has a great impact on quality. Errors or omissions at the design stage can lead to quality-control issues that no manufacturing system can fix. We must build quality into the design. To do so, we have to first understand what quality is. Remember, there is no one definition of quality—it is many things to many people. Each customer or consumer has different expectations of how a product should perform.
If you are like many cell-phone users who have grown up with the technology, entering text into your cell is probably second nature for you—even with a standard 10-key keypad. What other expectations do you have of your cell phone besides texting? You would no doubt like to be able to make calls, but your expectations don’t stop there. What about listening to music, watching videos, or customizing your ringtone? These are probably all things you expect from a cell phone. A phone that did not do all these things and do them well would probably be unacceptable to you. Contrast this with your parents’ view of a cell phone. What do they typically do with a cell? Not much, you’re probably thinking, except make phone calls. This is their primary requirement for a cell phone—no audio, video, or custom ringtones—just calls. On top of that, they expect their cell phone to be easy to use. Easy is also a relative term—easy for you may not be easy for your parents. We need to consider these factors when we explore quality and quality control in manufacturing.
Where does manufacturing fit into the quality equation? Obviously, the manufacturing floor is central to quality. It is where we measure quality, and—if we have done our jobs right—it is where we confirm the quality of our product. As we have learned, quality doesn’t start on the plant floor. In manufacturing, we can’t fix the design itself; we can only ensure that our product is made to the design specifications. Where we can make an impact is through early involvement—even as early as the concept phase. Every phase of product dev-elopment—conception, design, analysis, manufacture, and testing—is a large, complex discipline in its own right. No one person—even the quintessential lone genius Thomas Edison—can know every phase (Figure 5.16). Everyone needs to work as part of a team. Modern manufacturing requires a team approach. Early involvement in the process allows us to make determinations regarding the feasibility of manufacturing the product, required facilities, and equipment. We can also identify potential issues with accuracy, precision, and repeatability. Working with designers, we can help identify appropriate materials and manufacturing processes for these materials. Materials have different qualities and may be classified as natural, synthetic, or mixed. Which materials we select will impact our decision regarding manufacturing. Everyone involved in the manufacturing process has valuable information that can help to build a better quality product.
[[Insert Figure 5.15 here]]

[[Insert Figure 5.16 here]]

Engineering always involves a series of trade-offs. For instance, it would be great if you could use your cell phone to make video calls with your friends. But would you opt for this feature if it depleted your battery in four hours? That sort of trade-off—a new feature (video calls) versus reduced battery life—is the type of decision engineers face every day. Quality is no different. A fundamental challenge in designing and manufacturing a new product is balancing the cost of measuring, assessing, and controlling quality versus the benefits. Companies must produce products that are competitive in price and better in performance than others on the market.
Total Quality Management—TQM

Manufacturing high-quality products requires more than instituting quality-control checkpoints. Total Quality Management extends beyond manufacturing a product, into design, analysis, marketing, sales, distribution, and billing. The pursuit of quality begins at product conception, and it follows through the design, analysis, manufacture, and delivery of the product to the customer. Companies have also found that quality improvement and cost cutting often go hand in hand. Having products perform according to specification reduces scrap (out-of-spec parts), repair work on returns, and warranty work in the field. A large manufacturer reported these costs to be 20 percent of revenues before implementing a company-wide Total Quality Management (TQM) program.

There are two basic approaches to quality improvement: benchmarking and employee involvement. In benchmarking, we search for the best product or service in the industry and use that as a basis or benchmark for evaluating the performance of our own product. Once goals for improving service and products have been determined, employees from throughout the company need to be actively involved in achieving these objectives.

A typical TQM program follows a four-step process (Figure 5.17). First, we measure and record the performance of various components of the manufacturing process. These components could include cells or individual machines. Tracking performance in this way allows us to isolate small deviations or differences from the norm. Using this data, we can better predict when a machine’s operating parameters should be adjusted—before we produce parts that don’t pass inspection. As a machine ages, its performance will deteriorate. Although this deterioration is inevitable, our performance tracking will allow us to better anticipate when a machine will need to be serviced or even completely replaced. Servicing machinery keeps it in good operating condition. It also ensures that we can continue to produce high-quality products, while keeping our costs under control (reduced downtime, scrap, substandard quality parts, etc.). The second step of TQM is the design, or redesign, of products making them simpler to assemble. It is easy to observe that a more simple assembly process should, more often than not, result in fewer assembly errors than a more complex assembly process. The third step of TQM is fostering a closer relationship with suppliers. One easy way to do this is to reduce the number of suppliers. As you become a larger and more frequent customer to each supplier, it is in their best interest to maintain the quality of components and materials they provide you. Normally, the quality of what you get from a supplier is out of your control, but if we can build closer relationships and leverage these relationships to improve the quality of our inputs, we can improve our outputs—our products. Lastly, the fourth step of TQM consists of the statistical methods, based on the work of Genichi Taguchi (Figure 5.18), used in the control of manufacturing operations and incorporated to minimize downtime or disruptions to our production operations.
[[Insert Figure 5.17 here]]

Genichi Taguchi (1924—) is a Japanese engineer and statistician responsible for developing a widely implemented technique for using statistical analysis to improve the quality of manufactured goods. Influenced by the work of W. Edwards Deming of the United States, Taguchi spent twelve years—starting in 1950—at the Electrical Communications Laboratory (ECL) of the Nippon Telegraph and Telephone Corporation developing methods for improving quality and reliability.
Let’s look at how we might use TQM in manufacturing. Remember, we’re trying to take a holistic or company-wide approach to quality and quality assurance. Our primary tools will be statistical measurements and methods. We will also need a metric—what we are hoping to measure—in this case, quality. Even though we’ve seen how difficult quality is to define and how subjective it is, we have to make some determination of what our end users expect. We also have to decide how we define failure or deviation from our standard of quality. Ideally, we would like to keep our definition of “failure” very narrow. Why would we want to do this? Imagine we’re manufacturing aircraft wings (Figure 5.19). For an aircraft wing, a surface defect or volume defect—even those we can’t see with the human eye—could, eventually, lead to small or microscopic cracks and potentially to structural failure of the wing. If we monitor our manufacturing process for these types of defects, rather than obviously visible cracks or imperfections, we can refine the manufacturing process to virtually eliminate these types of defects and improve the quality and reliability of aircraft wings—definitely something customers want.

We usually start by taking a random sample of our product and testing against our metrics. In our earlier example—the aircraft wing—we could begin with visual inspection (looking at it), both on the micro (under a microscope) and macro (by eye) scale. We also have the ability to do what is referred to as destructive and nondestructive testing. In nondestructive testing we might use X-rays or sound waves to examine the part’s interior for flaws, but we would do no damage to the part. Destructive testing—as you would expect—involves “stressing” the part until it breaks—what engineers call structural failure. This test is also called a “life” test because we are essentially testing what it takes to bring the product to the end of its useful life.
In a well-designed TQM process, we typically perform all of these tests. It’s important to realize that structural failure is not the only thing customers worry about—hopefully we’re doing our jobs well enough that users will never encounter structural failure. Other tests might look at how our product performs in extreme environments—heat, water, humidity, vibration, etc. Let’s consider our always-present cell phone again. What sort of things would we look for in our TQM implementation for a cell phone? The next time you have your phone handy, examine it closely and give some thought to what sort of defects would make the product unacceptable.
[[Insert Figure 5.18 here]]

[[Insert Figure 5.19 here]]

Here are a few to get you started:

· Defective pixels on the screen

· Poor quality buttons

· Difficult-to-navigate user interface

· Poor call quality

· Obvious defects in casing and construction

You can probably come up with many more. Although some of these problems could be traced to other sources (design, network, supplier, etc.), many, if not most, can be traced back to problems in manufacturing. If we can identify these problems, and, more importantly, fix them, we can reduce the number of defects, increase customer satisfaction, and—most important to our stockholders—increase profits. This process of isolating “failures,” identifying their causes, and fixing or improving the process is also called continuous improvement. Because the TQM process is company-wide, it is not uncommon for changes or fixes to propagate all the way back to the design process. When the process is working well, a “TQMed” product is often cheaper to produce because of gains or improvements in efficiency and performance. We can add to these cost savings due to reduced repairs, returns, and replacements.

Safety and Ergonomics

Safety and quality are issues of great concern to all engineers, who ensure that when products fail, they do not become safety hazards. Everything fails at some point—living organisms die, physical devices cease to function. The goal of engineers is to ensure that the failure is safe. What does this mean? When they fail, products should not become safety hazards—an exploding laptop or cell phone battery, an electric motor that bursts into flames. Whether the device is of high quality, often associated with a long lifetime, or low quality, or costly versus inexpensive, its failure should be safe. Quality and the resulting safety are corporate decisions based, in part, on market conditions and cost. A company must be able to design products with a low enough cost to be competitive, or it may soon find itself out of business. For instance, seat belts were not always required in automobiles; they were an extra-cost option. Manufacturers did not believe they could add seat belts as a standard feature and remain competitive. The government stepped in and passed a law requiring them to do so, and the challenge became creating an economical seat belt that meets or exceeds the regulations (Figure 5.20). Making a product safe—protection from electric shock, sharp edges, and moving parts—is not the only consideration.

The product should be comfortable to use, so ergonomics or human factors engineering becomes important. Ergonomics has many implications for us. In addition to designing and manufacturing products that are comfortable to use and conform to our customer’s physical constraints, we must also consider workplace ergonomics. In the workplace, we must design tasks and work areas to reduce operator fatigue and discomfort, thereby maximizing the efficiency and quality of an employees’ work (see Figure 5.21). Ergonomic analysis requires an understanding of human physiology to harmonize products to our physical abilities so that we are not in conflict with them.

[[Insert Figure 5.20 here]]

[[Insert Figure 5.21 here]]

[[Start Section two Feedback > here]]

SECTION TWO FEEDBACK >
1.
Explain why it is important to begin our pursuit of quality at the conception stage.

2.
Create a table showing the following four typical cell phone users—someone your grandparents’ age, your parents’ age, your age, and half your age. Fill the table with features that each group would want/expect in a cell phone.

3.
Why haven’t we seen a modern version of Thomas Edison?

4.
Briefly describe the Total Quality Management (TQM) process and its purpose.
5.
Research careers in human factors engineering.

[[End Section two Feedback > here]]

SECTION 3: Automated Manufacturing

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Mass production is the production of large amounts of standardized products on production lines.

· The interchangeability of parts increased the effectiveness of manufacturing processes.

· The goal of automation is for everything—services, manufacture, materials and information handling, assembly and inspection—to all be performed automatically.

· Automation raises several important social issues—in particular, its impact on the workforce.

[[End Key Ideas > Box here]]

Mass production is the production of large amounts of standardized products on production lines. This technique was first successfully employed by Henry Ford during the early twentieth century in the production of automobiles (Figure 5.22). An important factor in the success of mass production is the interchangeability of parts. The interchangeability of parts increased the effectiveness of manufacturing processes. Typical of early mass production, Ford’s assembly line system used moving tracks or conveyor belts to move unfinished products from station to station, where workers perform simple repetitive tasks. First with the Model T, and later with subsequent models, Ford was able to achieve very high rates of production per worker, high-volume output, and, most importantly, inexpensive automobiles. Modern mass production systems are usually organized into assembly and subassembly lines. Because mass production requires such a large capital investment—machinery and modern robotics—it is best-suited to large, homogenous production runs. The primary benefits of mass production are reduced labor costs, increased production, and a lower cost final product. Limitations include the difficulty in modifying a design or production process and the lack of variety or customization that a mass production line affords.

[[Insert Figure 5.22 here]]

[[Insert Figure 5.23 here]]

The term automation was probably first used in the 1950s to describe the automatic handling of materials. It has since become a more generic term describing the use of control systems, usually computers, to control industrial machinery and processes. The goal of automation is for everything—services, manufacture, materials and information handling, assembly, and inspection—to be performed completely automatically (see Figure 5.23). An easy way to consider the move to automatic operation is any human function or attribute that has been replaced by a machine. Mechanization is not quite automation. In mechanization, we augment or supplement human functions with semiautomatic machines, reducing the physical demands on human operators. Automation goes further, reducing not only the physical requirements on humans, but also the mental and sensory demands. The cells we discussed previously are examples of mechanization, not automation. Typically, we classify two forms of automation—hard or fixed-position and soft, flexible, or programmable. Hard automation consists of cams, stops, slides, and hard-wired circuits using relay logic. These machines are programmed with a controller or a handheld control box, which sends a set of instructions telling a machine what, how, and when to do something.
An important class of automatic machines is self-adjusting machinery. These machines implement a feedback control loop—which provides information about the performance and operation of the machine that is used to control and adjust its operation (Figure 5.24). Sensors distributed throughout the machine take readings that are fed back to the controller. If the controller detects that these reading are outside of the norm, adjustments are made to reduce the error. Another important type of automatic operation is adaptive control. Machines that operate this way adapt the process to optimize it in some way. Optimization is a significant improvement over simple error correction. Adaptive control requires a computer in the system, which is programmed with information regarding the process or system behavior. The information is in the form of a mathematical model that describes system behavior, system constraints, and optimization goals. Not all processes are understood well enough to enable this level of automation. The key elements of an adaptive control loop include sensors that measure inputs and outputs of the process (identification), a computer that optimizes the process (decision analysis), and the ability to signal the control to alter system inputs (modification).

Finally, engineers in research and development labs are working on expert systems or artificial intelligence (AI) models for automated manufacturing. These models offer the promise of systems that can “think” and, more importantly, “learn.” With expert systems, we attempt to capture the collective knowledge and experience of human experts, providing the AI system with a knowledge base from which to draw experience.

Flexible Manufacturing Systems

Flexible Manufacturing Systems or FMS is an approach to manufacturing a product that focuses on integrating technology to enable more rapid production. With FMS, we use machines to perform repetitive tasks formerly done by humans. Machines can carry out these tasks quickly and efficiently, twenty-four hours a day, seven days a week, with little or no error. FMS makes extensive use of computer numerical controlled (CNC) machines and automated guided vehicles (AGVs). A number of CNC machines are aggregated together to form a cell. Each cell performs a specific function in the manufacturing of a product. AGVs move from cell to cell transporting material, as well as intermediate and finished products. This speed and efficiency does not come without a cost. FMS is not cheap. The machines that make up a flexible manufacturing system cost millions of dollars. A more cost-effective alternative to a full-blown FMS implementation is to introduce a flexible manufacturing cell that mimics FMS, but on a smaller scale. In a flexible manufacturing cell, we produce a portion of the product by machine and the remainder through more traditional techniques.

[[Insert Figure 5.24 here]]

Computer Numerical Control One critical innovation that has enabled modern automated manufacturing is CNC or computer numerical control (Figure 5.25). The precursor to CNC was numerical control (NC), developed in the 1940s and 1950s by MIT and John T. Parsons. In NC, machines are hard-wired and their operating parameters cannot be changed. A CNC is a computer controller that reads G-code instructions and controls a machine tool to fabricate components by the selective removal of material. Unlike NC, CNC operating parameters can be modified through software.

[[Insert Figure 5.25 here]]

[[Start Engineering Quick Take here]]

ENGINEERING QUICK TAKE
Suppose you just started working for a small manufacturing company that has decided to purchase and implement a CNC machine. This is the first foray into CNC for your company. Your company has budgeted $140,000 for this new venture. As the company’s newly hired production manager, you realize that although moving to a CNC system will provide great improvements in productivity, these improvements could be even further enhanced by introducing additional components, including a touch trigger probe (TTP) tool setting and in-cycle gauging equipment. Unfortunately, this additional equipment will require an additional investment of $10,000. Not surprisingly, the board of directors is hesitant to commit to any additional funding. You have made your recommendation to the project team based on your knowledge of production and CNC machines, and you have been asked to make your case to the board of directors. To present your recommendation to the board, you have prepared a brief presentation, shown in Figure 5.26. An engineer’s ability to present ideas and recommendations clearly and effectively is a critical job skill.
In your discussion with the board, one of the first things you are asked is, “Why not install the CNC machine and use a portion of the anticipated cost savings to purchase and install the additional components at a later date?” This is the retrofitting scenario. Your response to this would focus first on the required training for all of this new equipment. Employees will be required to attend training session to learn how to operate the new machinery; if you later upgrade the CNC machine, you will have to send these employees for further training. This additional training will incur additional downtime and a corresponding loss of productivity. Another factor is technical support. The support contract will likely only cover the initial installation and not any subsequent modifications. In fact, the machine tool company that is selling you the original CNC setup provides no guarantee that the modifications that would be required would be compatible with the original installation.
Having addressed the issues involved with retrofitting, you now provide the benefits derived from the additional investment that you propose. In discussing the benefits of a tool-setting probe, such as a touch trigger probe (TTP), you point out to the board that the majority of CNC machine tools are initially set up manually using feeler gauges, gauge blocks, and dial test indicators. This manual setup is prone to operator error, and it is time consuming as well. The default setup that your company has identified will require these manual operations. The $10,000 investment that you are advocating would automate this process using TTP, providing a time savings of up to 90 percent for basic operations and even greater saving for more complex operations. You then highlight the hourly wage of a typical machine operator and extrapolate the cost and time savings over a day, a week, a month, and a year. You even present published research that validates your point with the following example:
[[Insert Figure 5.26 here]]
… the time required to set just ten tools manually on a CNC lathe is typically twenty minutes, but by using a touch trigger setting probe this can be carried out automatically in approximately two minutes, without operator error …
You include in your presentation an Excel chart that visually expresses the anticipated savings. When asked for more specifics from the board, you are prepared with a slide that summarizes these and other additional benefits:

· Reduction/elimination of scrap

· No trial cuts required

· Ability to perform automatic part identification

· Automatic tool wear compensation

· Reduced setup times

· Dramatically improved productivity

You complete your presentation by emphasizing again that the equipment and required training you propose will be more costly as a retrofit and that operating the CNC machinery—for any length of time, without these critical improvements, will significantly impact productivity and the company’s bottom line.

[[End Engineering Quick Take here]]

CNC machines have dramatically changed the manufacturing industry, making complex 3-D surfaces and curves relatively easy to produce and minimizing the number of machining operations that require human interaction. The result is improvements in consistency and quality, reduced operator errors, reduction in time to perform tasks, greater flexibility in the manufacturing process, and a greater variety of products that can be produced. Most modern CAD/CAM (Computer-Aided Design/Computer-Aided Manufacturing) software can create files (e.g., STL or stereolithography) that can be used to control CNC machines. Using these tools, we can eliminate the need for blueprints and other printed documentation, transforming our design (CAD) directly into a manufactured component (Figure 5.27). The ability of CNC machines to run unattended overnight and on weekends enables us to produce thousands of parts; even allowing us to use a series of lasers and sensors to perform automated quality control.

[[Insert Figure 5.27 here]]

G-Code Instructions

· Moving a machine tool along a straight-line (linear) path is the most basic G-code instruction we can create. While some machines are limited to planar (XY) motion with separate height (Z) instructions, others can perform full 3-D movement, that is, simultaneous XYZ motion. CNC machines take advantage of the fact that virtually any motion or path can be constructed from a series of small linear motions—usually a large number of these small motions.
In fact, here’s some sample G-code to create a circle (see also Figure 5.28):
%

(g02 circle program)

g01 g90 x0 y0 z0 f2

g02 x0 y0 i-.5 j0

g01 g90 x0 y0 z0 f2

%

More advanced CNC interpreters combine G-code with logical commands, a technique known as parametric programming. Using syntax similar to the BASIC programming language, parametric programs incorporate if/then/else statements, loops, subprograms, arithmetic operations, and variables. These CNC machines can use a single parametric program to produce a full range of product sizes, by varying a single parameter. For example, to create a threaded bolt, we typically write our G-code to include the size of the bolt (length, diameter, bolt head size) and the thread characteristics (see Figure 5.29). With parametric programming, we create a program using a series of parameters—length, diameter, bolt head size, and thread characteristics. Now we can produce an entire family of bolts using this single program.

[[Insert Figure 5.28 here]]

[[Insert Figure 5.29 here]]

Automated Guided Vehicles (AGVs) Another important innovation in modern manufacturing environments is the Automated Guided Vehicle or AGV. An AGV is a mobile robot the helps us to increase efficiency and reduce costs by moving materials around a manufacturing plant or warehouse (Figure 5.30). Early AGVs were nothing more than tow trucks that followed a wire in the floor. Modern automated vehicles instead rely on lasers for guidance—LGVs—and are able to communicate with robots and other LGVs to ensure materials and products are moved smoothly through the warehouse. AGVs and LGVs play a critical role in modern factories and warehouses, safely moving goods to their destinations.

There are a variety of AGV types, including early, simple Towing vehicles with 4,000 to 30,000 kilograms (kgs) capacities, to smaller, light-duty Light Load AGVs with capacities as small as 200 kgs. More advanced Unit Load AGVs are equipped with horizontal surfaces or decks, which enable us to load, transport, and transfer materials. In a warehouse environment, Pallet Truck AGVs are commonly used to transport palletized goods to and from the manufacturing floor. More flexible varieties include the Fork Truck, which can access floor-level, raised, and stacked loads, and the Assembly Line AGP, useful for serial assembly applications.
[[Insert Figure 5.30 here]]
Automation raises several important social issues; in particular, its impact on the workforce. For many, automation harkens back to the Luddites. As discussed in the previous chapter, in the early 1800s, these English textile workers who feared losing their jobs to automated weaving looms engineered a social revolt. The term Luddite has since become a term generically applied to anyone who appears to be against the advance of technology. Another factor in the loss of manufacturing jobs is a phenomenon called outsourcing. Outsourcing—the shift of manufacturing enterprises and jobs to other countries—is an attempt by U.S. manufacturers to lower labor and capital costs. Like automation, outsourcing is often blamed for the loss of U.S. manufacturing jobs, but it is more likely that each has contributed to the demise of U.S. manufacturers.

The counterargument is that automation in fact leads to higher employment. According to this line of reasoning, automation frees up labor from low-skilled jobs and allows workers to pursue higher-skilled, higher-paying jobs. The very machinery responsible for automation requires a skilled workforce to maintain these machines. Although automation has continued to expand and has impacted the global workforce, some would argue that one important outcome of this trend has been an increase in the standard of living for people worldwide. Although it is difficult to quantify—or truly measure—the impact of automation on people’s standard of living, it is possible to measure its impact on the manufacturing process. Automation, first introduced to increase productivity and reduce costs, has subsequently become important in quality control and flexible manufacturing. In addition to substantial increases in quality, automation has been important in taking on the role humans formerly played in carrying out hazardous operations. Automation also allows manufacturers the flexibility to easily convert from manufacturing one product to another without completely retooling and rebuilding their production lines.
TECHNOLOGY IN THE REAL WORLD:
Contour Crafting

The machine shown in Figure 5.31, a working prototype of a Contour Crafting machine, is fascinating. Try to figure out what this thing does. The name doesn’t provide much help. Contour Crafting, developed by Dr. Behrokh Khoshnevis of the University of Southern California, is a layered fabrication technology that could automate the construction of whole structures and sub-components. Imagine in the near future building a single house or a colony of houses in just a fraction (1/200th) of the time that it takes using conventional techniques. Consider the implications for disaster recovery (think Hurricane Katrina) and low-income housing, as well as the social impacts and benefits of this technology; opportunities for community service, service learning, and addressing poverty; and expanding the boundaries of creativity and innovation in architecture and construction.

[[Insert Figure 5.31 here]]

Under a grant from the National Science Foundation, Khoshnevis and his team are developing nozzle assemblies for full-scale construction applications that have a full six degrees of freedom. This means that these nozzles can move or rotate in three dimensions. Initial research will involve fabrication and testing of full-scale components including walls with built-in conduits and self-supporting roofs. Current Contour Crafting machines use ceramic materials, but are also capable of extruding clay and concrete. Tests will be conducted to evaluate a number of potential contour crafting materials including thermoplastics, thermosets, and ceramics. The new nozzle design has the ability to simultaneously extrude both inner filler material and the outer shell of a structure. Additionally, the nozzle design enables us to embed steel reinforcement as we lay our material. We can easily build a wide variety of complex curved structures.

In manufacturing, automation is well understood, and it has become commonplace. Unfortunately, traditional manufacturing automation methods and technologies, developed and refined for nearly a century, do not easily translate to a typical construction environment. It is difficult to automate the construction of large complex structures with internal elements. Contour Crafting could jumpstart the field of automated construction, enabling the fabrication of not only components, but also entire structures, leading to the automated construction of single houses and even entire neighborhoods (Figure 5.32). This approach is unique because it allows for automatic construction in a single run. It also enables us to embed conduits or channels that can house wiring, piping, and ducting for electrical, plumbing, and air-conditioning systems. In the future, this novel technology could help us establish a presence on the Moon and Mars, permitting us to quickly and inexpensively build living structures for the first inhabitants of these and other planets.

[[Insert Figure 5.32 here]]

[[Start Section three Feedback > here]]

SECTION THREE FEEDBACK >
1.
With Henry Ford and the Model-T as your prototypical example, research and describe another early example of automation.

2.
Explain the difference between automation and mechanization.

3.
Research and briefly describe an additional instance of technology’s displacement of workers, similar to the plight of the British textile worker. Be sure to include the long-term outcome.

4.
Research jobs in manufacturing (automobile, aerospace, etc.) and detail the typical entry-level skills required for these jobs.

[[End Section three Feedback > here]]

SECTION 4: Changes in Manufacturing Methods and Processes
[[Start Key Ideas > Box here]]

KEY IDEAS >
· In lean manufacturing, we develop our production schedule based on customer demand and actual needs, keeping inventory, workforce, and other resources lean.

· Rapid-prototyping or rapid manufacturing are becoming increasingly cheaper and more accessible, allowing us to swiftly create a physical model or representation of our product.

· Central to concurrent engineering is a multidisciplinary team (engineering, sales, marketing, manufacturing, consumers, etc.) working together from the beginning to the end of the product life cycle.

· Agile manufacturing provides companies with an organizational strategy and the processes, tools, and training to facilitate quicker decisions and produce a greater variety of new products faster, cheaper, and with greater quality.

· Marketing involves establishing a product’s identity, conducting research on its potential, advertising it, distributing it, and selling it.

[[End Key Ideas > Box here]]

When we think of traditional manufacturing, we think of the assembly line turning out large numbers of the same part or product. Unfortunately, this approach has its limitations. In particular, we don’t always need such a large quantity of product. In addition to the large volume of outputs that the traditional approach generates, we need a large number of resources and inputs (materials, people, energy, etc.) to sustain this process (see Figure 5.33). Let’s consider fast food again. How do we know how many burgers or orders of fries to make? Any manufacturing enterprise—burgers, computer chips, and potato chips—develops a production schedule that in part tries to predict or forecast consumer needs. We purchase raw materials, hire people, and buy energy based on these predictions. We then “push” our product through the production line. Unfortunately, when our forecasts don’t match reality, we end up with excesses in raw materials, people, energy, and capacity. In our fast food restaurant, this results in stale food sitting under a heat lamp, a freezer full of uncooked food, and employees standing around with nothing to do. In traditional manufacturing the inventory levels may be high, so we need warehouse space to hold products waiting for customer orders—our warehouses are the equivalent to burger warmers. Additionally, we need space for raw materials and goods still in production waiting for the next stage of processing.
In lean manufacturing, we develop our production schedule based on customer demand and actual needs. We keep our inventory, workforce, and other resources lean. What do we mean by “lean”? Lean, in this case, refers to the lack of excess. Lean means we plan short production runs in response to immediate demands. Rather than “pushing” inventory through our plant—the traditional model—we “pull” inventory through, as we need it. We hire only enough people, purchase enough materials, and build enough capacity to do the job. The challenge is to have an adaptable schedule that can handle customer orders quickly and economically (see Figure 5.34). Our “lean” burger restaurant works this way. Customers enter, order their food, and it is cooked to order. We have the ability to 
“ramp up” or increase our production during the lunch rush, but we spend the remaining time producing burgers as dictated by customer demand. Lean manufacturing means smaller spaces for raw materials, in-production products, and final products. Since the production run is in response to a customer order, the product moves from stage to stage with little accumulation between stages—there is no excess number of parts. Rather than gathering dust in a warehouse, the final product is shipped immediately to the customer. Of course, this requires very good relationships with suppliers of raw materials, so they have the material needed on hand in the appropriate quality and quantity. There are many benefits to lean manufacturing—improved labor utilization, decreased inventories, and reduced manufacturing-cycle times.
[[Insert Figure 5.33 here]]

[[Insert Figure 5.34 here]]

As you would expect, our approach to quality is different for each of these systems. In the traditional manufacturing, the product is randomly sampled and tested, with little worker input into the process. In lean manufacturing, the worker is part of the testing process. The goal is to have the entire product tested as it being manufactured, so workers are empowered to check the product as it is produced. To assist our workers in quality assurance, we often use machines that have tolerance limits built in. If the machine begins to operate or produce products that are out of tolerance, the worker will be alerted or the machine may even shut down. With small production runs, this employee involvement is critical to ensuring product quality, reducing costs, and shortening time-to-market.

Rapid manufacturing

One important trend in manufacturing is rapid-prototyping or rapid manufacturing. Rapid-prototyping and rapid manufacturing are becoming increasingly cheaper and more accessible, allowing us to very quickly create a physical model or representation of our product (Figure 5.35). Imagine that you are tasked with creating a new type of cell phone for “texters” like yourself. Not a traditional cell phone, but something radically different from anything that has come before it. How would you show people your vision—what “your” cell phone would look like? Obviously, you could describe it; you could sketch it on paper or even create a 3-D computer model. Imagine, instead, that you could create a physical model that your friends can hold and manipulate as you describe your vision of next-generation cell phones. Rapid-prototyping allows us to do this—quickly and cheaply. Using these techniques, we can consider and “market-test” a variety of alternative designs.
Certain rapid-prototyping process can even be termed rapid manufacturing, because the quality of the part is acceptable for production, not merely for prototyping. Rapid manufacturing can be applied to the creation of custom or replacement parts, and it can be used in small-batch manufacturing. Methods for rapid prototyping and manufacture include stereolithography (SL), discussed in Chapter 4, as well as selective laser sintering (SLS) and fused deposition modeling (FDM), just to name a few. SLS is similar to SL in that we use a laser to build our part layer-by-layer. The major difference between the two techniques is that with SLS we use a fine powder—metal, ceramic, or plastic—instead of a liquid polymer. With FDM, we use a spool of plastic filament, which we heat up to its melting temperature and deposit or lay out layer by layer to build our solid. The filament is heated and extruded, or pushed out, through a nozzle.
[[Insert Figure 5.35 here]]

Concurrent Engineering

Concurrent engineering is a systematic approach to integrated product design and development (Figure 5.36). Central to concurrent engineering is a multidisciplinary team (engineering, sales, marketing, manufacturing, consumers, etc.), all working together from the beginning to the end of the product life cycle. Marketing involves establishing a product’s identity, conducting research on its potential, advertising it, distributing it, and selling it. Often, collaboration software and a set of common or shared design parameters are used to share exchange information, ensuring that any changes impacting other disciplines are identified and addressed.
[[Insert Figure 5.36 here]]

Because everyone is involved from the beginning to the end, concurrent engineering fits very well with TQM programs, allowing high-quality products to be produced more quickly and flexibly than by traditional engineering. For instance, a major aerospace company has found out that changes that cost $1 when made early in the development cycle could rise dramatically to $10,000 during the production phase. Another advantage of concurrent engineering is that the duration of the manufacturing cycle is reduced. A major manufacturer of exercise equipment was able to cut its time to manufacture a new product in half by implementing concurrent engineering and total quality assurance programs.

Agile Manufacturing
Agile manufacturing and its predecessors, i.e., computer-integrated manufacturing, flexible manufacturing, and concurrent engineering, are all ways to increase competitiveness in a global market. Increasingly, companies are challenged to quickly respond to changing customer needs and demands. Agile manufacturing provides companies with an organizational strategy and the processes, tools, and training to facilitate quicker decisions and produce a greater variety of new products faster, cheaper, and with greater quality (see Figure 5.37). When you think of agile manufacturing, focus on terms like “teamwork” (see Figure 5.38), “fast,” “customer-centered,” and “flexible.”
[[Insert Figure 5.37 here]]
To transform themselves into an agile company, enterprises need to build on top of an already strong foundation. As a prerequisite for operating with agility, companies should foster strong relationships with suppliers and even competitors. These partnerships should be built around flexible strategies that can adapt as markets and needs change. Consider, for example, the global virtual company that Boeing has established to produce the 787 Dreamliner (Figure 5.39). Agile manufacturing requires that a company has already mastered advanced manufacturing techniques, such as lean production and concurrent or simultaneous engineering. Facilities should be flexible as well, populated with flexible tooling and automation, and demonstrating strong integration of technology, management, and workforce into a coordinated, independent system.

One key characteristic of agile manufacturing enterprises is the role of the customer. From the beginning of the product-delivery cycle, the enterprise is trying to learn who their customers are, what they say, what they really want, what they will pay for, how to make them happy with the product, and how to improve the product and customize it. They want to gain a deep understanding of the customer, usually through real-time market data collection and analysis. Agile manufacturing environments are dynamic, requiring a multi-skilled, flexible labor force where blue- and white-collar workers have similar educational levels.
Throughout our discussion of quality improvement and manufacturing, we refer over and over to teamwork. Teamwork is a hallmark of modern engineering and manufacturing and is critical for agile manufacturing. Organizations should be flat, rather than hierarchical, with continuous interaction, support, and communications among various disciplines. Within these companies, successful teams are multidisciplinary and include members from different professions (marketing, finance, engineering), and skilled trades and operators. This flat organizational structure enables practical knowledge—details of tooling, fabrication, and programming—to diffuse throughout the organization. This diffusion of knowledge and company-wide sharing of expertise is critical to operating as an agile organization (see Figure 5.37).
[[Insert Figure 5.38 here]]

[[Insert Figure 5.39 here]]

Numerical and computational tools for doing analysis have grown at a rapid rate. In an agile manufacturing firm, there is no time to make a number of rapid prototypes, so modeling and simulation of both product designs and processes to manufacture and assemble the products will be key to the on-time delivery of a customized product. Of course, rapid prototyping technology can be used to make some limited-volume products, but it is more likely that product diversity and customization will be achieved by modularity, or by built-in programmable features implemented in designs that will still allow us to deliver products on time.

Nanotechnology Manufacturing

Manufacturing is a common activity. It is through manufacturing processes that raw materials become usable products. Key steps in a typical manufacturing sequence include obtaining the basic materials for processing, modifying the materials through machining processes and assembling various component parts into the final product.

The manufacturing industry familiar to most people is carried out on a large scale. At this level, materials are modified, adjusted, and manipulated by large machinery to create individual component parts. Drilling, cutting, and milling are common manufacturing processes used to alter materials. People and machines assemble or attach the components created through the various manufacturing steps to other components, resulting in products for sale such as automobiles, refrigerators, and televisions. There are also manufacturing processes that produce small components and products, such as watches, DVDs, and books. Still other manufacturing processes, carried out at extremely small scales—the micro and nano levels—require highly specialized tools and techniques. Just as in large scale manufacturing, raw materials are collected and modified so that useful micro and nano scale products are produced. Electronic circuitry formed on integrated circuits is an example of products manufactured at both the micro and nano scales.

The general manufacturing processes you think about are probably examples of top-down manufacturing (TDM). In top-down manufacturing environments, suitable materials are obtained by the manufacturer and then modified by humans and machines until a working product results. Modification includes removing portions of the material until a final desired shape is obtained. If you think about how a block of metal is altered to become an automobile engine, then you are thinking about a TDM process. The engine reaches its proper dimensions after much drilling and machining converts the metal block into the desired shape with the desired tolerances, features, and specifications.

Even at the micro and nanoscale levels, top-down manufacturing occurs. Integrated circuits (ICs) are manufactured through many process steps involving the removal and machining of materials. When it comes to the integrated circuit industry, the word “fabrication” is used, instead of “manufacturing,” to describe how circuits are built. The term “fabrication” is commonly used to describe both the manufacturing environment and steps involved in producing an integrated circuit. This is why people involved in integrated circuit manufacturing call the factory where integrated circuits or chips are produced a “chip fab.” The chip fab is more than a factory. It is a highly sophisticated complex of buildings, clean rooms, and offices costing several billion dollars to build.

When you study the processes required to build tiny objects, it becomes apparent how difficult it is to build things at the nanoscale (see Figure 5.40 for a better idea of the scale we are talking about). As manufacturing processes are adapted for fabrication of objects at the nanoscale, the laws of physics begin to limit how small we can make things and the reliability of the fabrication processes. Experts predict that the current manufacturing processes used in the integrated circuits industry will reach their limits in roughly ten years; it will then not be possible to make things smaller with current techniques. Consequently, the integrated circuit and semiconductor industry is working to develop other unconventional manufacturing processes.

Bottom-up manufacturing (BUM) is an alternative to top-down manufacturing. In bottom-up nanoscale manufacturing, sophisticated tools are used to coax atoms into place to produce a product. Individual atoms are actually moved one by one into place to create new and different objects. This is truly building things from the bottom up. There are also other kinds of bottom-up processes where atoms, given the right conditions, may assemble themselves into the product desired without using any specialized tools. Bottom-up methods are new and need refinement to become commercially successful, but they are the future in nanoscale manufacturing.

Potential Benefits of Nanotechnology

The application of novel properties and processes associated with the nanoscale promises many benefits for our everyday lives. Highly efficient nanoscale manufacturing processes are envisioned for the efficient use of energy and materials, as well as minimization of environmental impact and waste from industrial productions. Examples that demonstrate the promise of nanotechnology, with projected total worldwide market size of over $1 trillion annually in ten to fifteen years, include the following:

[[Insert Figure 5.40 here]]

· Materials and manufacturing: The nanometer scale is expected to become a highly efficient length scale for manufacturing once nanoscience provides the understanding and nanoengineering develops the tools. Materials with high performance, unique properties and functions will be produced that traditional chemistry could not create. Nanostructured materials and processes are estimated to increase their market impact to about $340 billion per year in the next ten years.
· Electronics and computing: Nanotechnology is projected to yield annual production of about $300 billion for the semiconductor industry and about the same amount more for global integrated circuits sales within ten to fifteen years.
· Health care and medicine: Nanotechnology will help prolong life, improve its quality, and extend human physical capabilities.
· Pharmaceuticals: About half of all production will be dependent on nanotechnology, affecting over $180 billion per year in ten to fifteen years.
· Chemical plants: Nanostructured catalysts have applications in the petroleum and chemical processing industries, with an estimated annual impact of $100 billion in ten to fifteen years.
· Transportation: Nanomaterials and nanoelectronics will yield lighter, faster, and safer vehicles and more durable, reliable, and cost-effective roads, bridges, runways, pipelines, and rail systems. Nanotechnology-enabled aerospace products alone are projected to have an annual market value of about $70 billion in ten years.

[Courtesy the NaMCATE Project, SUNY at Buffalo]
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SECTION FOUR FEEDBACK >
1.
What is lean manufacturing?

2.
What are the benefits of rapid prototyping?

3.
Compare and contrast agile manufacturing and concurrent engineering.

4.
Define bottom-up manufacturing.

[[End Section four Feedback > here]]

SECTION 5: Manufacturing as a Global Enterprise

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Global challenges are forcing many organizations to reshape the way they operate to maintain their global competitiveness.

· In today’s global economy, successful manufacturing firms are not those that discover new technology, but instead are those able to identify the needs of customers and bring products that meet those needs to market in a timely manner and at low cost.

[[End Key Ideas > Box here]]

It is fairly obvious that you live in a world that is significantly different than that of your grandparents, or even your parents. We develop and use technology that is unlike anything earlier generations could even imagine. The impact of technology is no longer limited to our small sphere of experience. Instead, technology impacts the entire globe, and we are, in turn, influenced by technology from all over the world (Figure 5.41). North America, once the undisputed economic and industrial world super power, is being challenged by growing countries such as Japan, Korea, China, and India. These countries are not only growing into economic and industrial powers, but many are growing in population. While the population of North America—a small portion of the world’s population—declines with dropping birth rates, many Third World countries are experiencing high growth rates and population explosions. This imbalance compounds the ongoing shift in wealth, industrial power, and technical knowledge from east to west.
[[Insert Figure 5.41 here]]

Global challenges are forcing many organizations to reshape the way they operate to maintain their global competitiveness. Companies are changing work and management styles to build flatter organizations and encourage more teamwork. They are increasing their use of computers and automation, including computer-aided design (CAD), computer-integrated manufacturing (CIM), Just-In-Time (JIT) inventory control, and computer-control of other operations (purchasing, warehousing, etc.). Companies are working harder than ever to produce world-class products; they are focusing on the global customer, global supply chains, and an increasingly global workforce. To remain competitive nationally and globally, companies have abandoned traditional approaches to manufacturing and implemented flexible, automated manufacturing systems. An enterprise’s manufacturing capability must be flexible enough to produce a wide range of quality products, to incorporate new technology into these products quickly and cost effectively, and to introduce them into the market ahead of the competition.
In today’s global economy, successful manufacturing firms are not those that discover new technology, but they are those able to identify the needs of customers and bring products that meet those needs to market in a timely manner and at low cost. Technological superiority alone is no longer sufficient for economic prosperity. Leadership in creating new technologies pays off only when that technology is rapidly implemented and embedded in high-quality, cost-competitive, innovative products that meet or exceed customer expectations.
Product life cycles have compressed dramatically. Competitors introduce next-generation products and technology before the former products and technologies are obsolete. Early market entry provides a critical competitive edge, so the motivation to innovate is intense. New technology is developed, embedded in products, and brought to the marketplace quickly. Today’s diverse and discriminating customers—who demand products that meet specialized needs and feature the latest technology—heighten this need to innovate. If this were not challenging enough, the fragmenting and rapidly changing global markets have made flexibility and rapid response to change essential manufacturing concepts.

Emblematic of the global nature of manufacturing and its changing methods and processes is the effort made by Boeing Company in its development of the 787 Dreamliner. Boeing is leading a group of over forty global partners distributed through sixteen states and ten countries. Each company is responsible for various subsystems of the Dreamliner 787 aircraft. This global effort is unique in a number of ways, including the fact that partners are not only sharing the design responsibility for their components, but also the risks, as investors in the project. They are part of a global virtual-development team where every aspect of the aircraft and its manufacturing process is designed, created, and tested digitally before anything physically moves into production.

Being able to “virtually” simulate not just the parts, but also the aircraft’s processes has been a great benefit for Boeing, giving them more flexibility to make adjustments during the design phase. During a virtual flight test of the 787, the chief pilot noticed some issues related to fin control (see Figure 5.42). Designers were able to evaluate fifty new possible fin configurations, test them, and make the appropriate changes to the rest of the design in only about four weeks. In the past, only three or four new fin configurations may have been evaluated, taking three to four months.

The approach taken with the 787 (Figure 5.43) is in contrast to earlier efforts, where Boeing designed 70 percent of its aircraft and produced 30 percent. In the past, Boeing would bring suppliers and partners to Bellevue, Washington, during the design phase. But that approach is too expensive and impractical for a project of this global scale. Boeing’s first foray into virtual development was the 777 aircraft. Using three-dimensional computer-aided design software, Boeing was able to create a digital model for each of the aircraft’s nearly 10,000 parts, as opposed to building 10,000 physical prototypes. With a full 3-D product definition, Boeing was able to improve quality and reduce the cost of assembling the aircraft.

[[Insert Figure 5.42 here]]

[[Insert Figure 5.43 here]]

Based on the success of the 777, Boeing decided to expand the idea even further with the 787 Dreamliner program. With the 787, Boeing leveraged a common digital environment to help a dispersed global design team more effectively collaborate and leverage a single 3-D product definition throughout all phases of the 787’s twenty to thirty year life cycle. The approach allows Boeing to more efficiently design and manufacture a product with the highest quality. The approach reduces the amount of data translations and manual processes required, as well.

With the 787, much of the design responsibility fell to the partners, with Boeing focused on system integration and configuration. This large paradigm shift addresses a key problem from past efforts—manufacturers were disconnected from the design, limiting Boeing’s ability to make improvements to the product. By making the designer and manufacturer one and the same, Boeing was able to bridge this disconnect, resulting in a lower-cost product that is easier to maintain.

As you can see, manufacturing impacts nearly every facet of our daily lives. It has been and remains a critical piece of the national and global economy and makes significant contributions to the national infrastructure and national defense. Unfortunately, the rising cost of manufacturing (labor, materials, and physical plant) has forced many companies and even entire industries to close their operations or move them to other nations. This phenomenon—referred to as off-shoring—continues to challenge employers and workers alike.

[[Insert Figure 5.44 here]]

TECHNOLOGY AND PEOPLE:
Inventor Dean Kamen

Dean Kamen is an inventor and founder of DEKA Research and Development Corporation. (DEKA is the contracted version of “Dean Kamen.”) He is probably best known as the inventor of the Segway human transporter. Kamen, born in 1951 in Rockville Center, New York, holds more than 440 U.S. and foreign patents and was inducted into the National Inventors Hall of Fame in 2005. While still in college, Kamen invented what would become AutoSyringe®, a portable/wearable infusion pump for diabetics, capable of delivering insulin. Another important invention, the Ibot Transporter, is a six-wheeled robotic wheelchair that can climb stairs, negotiate difficult terrain, and even balance on two wheels (Figure 5.44). Kamen was inspired to invent the Ibot after watching a man in a wheelchair unable to get over a curb (see Figure 5.45).

Kamen does not invent for invention’s sake, but instead works with a profound belief that technology and creativity are critical for improving life for humankind. At its best, technology, he believes, can provide solutions to the problems presented by pollution, contaminated water, and limited access to electricity. One of the key projects in this area is the development of a Stirling engine, which would generate power while simultaneously purifying water. As a child, Kamen developed an incredible knowledge of the physical sciences through study of primary texts such as Isaac Newton’s Principia Mathematica. The basement of his house is an incredible workspace, with a foundry, a fully-equipped machine shop, and a computer room.

Recently, Kamen has taken on the challenge of creating the next-generation prosthetic arm for Iraq War veterans missing either one or both arms. The Luke Arm, as Kamen has dubbed it, would replace technology—which essentially consists of a stick for an arm and a hook for a hand—that hasn’t changed much since the American Civil War.

[[Insert Figure 5.45 here]]

Offshoring

In the developed world, the trend of moving jobs out of the country can be traced back to the 1970s. Offshoring, as this phenomenon is called, involves the transfer of business processes from one country to another. The affected business unit could include production, manufacturing, or services, although the majority of offshoring has impacted manufacturing enterprises through the relocation of factories from the developed to the developing world. The primary reason companies choose to offshore a portion of their operations is to reduce costs, taking advantage of favorable labor, capital, and economic environments. The explosive growth of the Internet has accelerated this trend, affecting many categories of employment, including call centers, computer programming, reading and interpreting medical data (X-rays and MRIs, see Figure 5.46), medical transcription, income tax preparation, and title searching.
[[Insert Figure 5.46 here]]

Offshoring is often confused with the similar practices of outsourcing or offshore outsourcing. Outsourcing is the movement of an internal business function to an external company, such as hiring a contract to manage and maintain your company’s entire information technology (IT) infrastructure. The subcontractor taking on these formerly internal functions may be located in the same country as your company, which would be outsourcing but not offshoring. Moving an internal business unit from one country to another would be offshoring, but not outsourcing. Finally, subcontracting a business function to a different company located in another country would be considered both outsourcing and offshoring.

[[Start Section five Feedback > here]]

SECTION FIVE FEEDBACK >
1.
Research the origins of five manufactured products you use daily (conception, design, analysis, prototype, manufacture). More specifically, include where these specific functions were performed.

2.
Research and identify the “flatteners” Thomas Friedman discusses in his book, The World is Flat: A Brief History of the Twenty-First Century. What impact do these have on manufacturing?

3.
Interview your grandparents, or someone from that same generation, to determine the scope and scale of the manufacturing industry when they were growing up and what has happened to it since that time.

4.
Briefly describe the differences between offshoring and outsourcing.

5.
Research NAFTA; describe what it is and detail the arguments for and against NAFTA.

[[End Section five Feedback > here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Aerospace Product and Parts Manufacturing

The way in which commercial and military aircraft are designed, developed, and produced continues to undergo significant change in response to the need to cut costs and deliver products faster. Firms producing commercial aircraft have reduced development time drastically through computer-aided design and drafting (CADD), which allows firms to design and test an entire aircraft, including each individual part, by computer; the drawings of these parts can be sent electronically to subcontractors who use them to produce the parts. Increasingly, firms bring together teams composed of customers, engineers, and production workers to pool ideas and make decisions concerning the aircraft at every phase of product development. Additionally, the military has changed its design philosophy, using commercially available, off-the-shelf technology when appropriate, rather than developing new customized components.

Commercial airlines and private businesses typically identify their needs for a particular model of new aircraft based on a number of factors, including the routes they fly. After specifying requirements such as range, size, cargo capacity, type of engine, and seating arrangements, the airlines invite manufacturers of civil aircraft and aircraft engines to submit bids. Selection is ultimately based on a manufacturer’s ability to deliver reliable aircraft that best fit the purchaser’s stated market needs at the lowest cost and at favorable financing terms.

Significant Points

· Skilled production, professional, and managerial jobs account for the largest share of employment.
· Employment is projected to grow more slowly in this industry than in industries generally.
· During slowdowns in aerospace manufacturing, production workers are vulnerable to layoffs, while professional workers enjoy more job stability.
· Earnings are substantially higher, on average, than in most other manufacturing industries.

Nature of the Industry

Companies in the aerospace industry produce aircraft, guided missiles, space vehicles, aircraft engines, propulsion units, and related parts. The largest segment of the industry focuses on civilian or nonmilitary aircraft for airlines and cargo transportation companies. Typically, aircraft-engine manufacturers produce the engines used in both civil and military aircraft. The remainder of the industry builds aircraft, helicopters, guided missiles, missile propulsion, space vehicles, and rockets for military and government organizations. A few large firms dominate the aerospace industry, accounting for nearly 63 percent of aerospace manufacturing jobs. These large firms subcontract with smaller firms—fewer than 100 workers, which make up the bulk of the about 2,800 companies in the aerospace industry.
Working Conditions

The average aerospace production employee worked 42.6 hours a week in 2004, compared with 40.8 for all manufacturing workers and 33.7 for workers in all industries. Engineers, scientists, and technicians frequently work in office settings or laboratories, although production engineers may spend much of their time on the factory floor. Production workers, such as welders and assemblers, may have to cope with high noise levels, oil, grease, grime, and exposure to volatile compounds. Heavy lifting is required for many production jobs.

Nature of the Industry

The design and manufacture of technologically sophisticated aerospace products requires a variety of workers. Skilled production, professional and related, and managerial jobs make up the bulk of employment. Of all aerospace workers, 37 percent are employed in production; installation, maintenance, and repair; and transportation and material-moving occupations. The aerospace industry has a larger proportion of workers with education beyond high school than the average for all industries. Professionals, such as engineers and scientists, require a bachelor’s degree in a specialized field. For some jobs, particularly in research and development, a master’s or doctorate degree may be preferred. Entry-level positions for technicians usually require a degree from a technical school or junior college. Production workers must have minimal skills, mechanical aptitude, and good hand-eye coordination. A high school diploma or equivalent is required, and some vocational training in electronics or mechanics also is favored.

Training and Advancement

Due to the rapid technological advancements in aerospace manufacturing, the industry provides education and training for its workers, including on site, job-related training to upgrade the skills of technicians, production workers, and engineers. Some firms reimburse employees for educational expenses at colleges and universities, emphasizing four-year degrees and postgraduate studies. Unskilled production workers typically start by being shown how to perform a simple assembly task. Through experience, on-the-job instruction provided by other workers, and brief formal training sessions, they expand their skills. Their pay increases as they advance into more highly skilled or responsible jobs. With training, production workers may be able to advance to supervisory or technician jobs. Workers in more highly skilled production occupations must go through a formal apprenticeship. Machinists and electricians complete apprenticeships that can last as long as four years and usually include classroom instruction and shop training.

Outlook

Employment in aerospace manufacturing is expected to grow by 8 percent from 2004 to 2014, slower than the 14-percent growth projected for all industries combined. The outlook for the military aircraft and missiles portion of the industry is better. Employment in this sector is expected to rise. Even though the number of large firms performing final assembly of aircraft has been reduced, hundreds of smaller manufacturers and subcontractors will remain in this industry. In addition to some growth in employment opportunities for professional workers in the industry, there should be job openings to replace retiring workers, especially for aerospace engineers.
Earnings

Production workers in the aerospace industry earn higher pay than the average for all industries. Weekly earnings for production workers averaged $1,019 in 2004, compared with $659 in all manufacturing and $529 in all private industry. Above-average earnings reflect, in part, the high levels of skill required by the industry and the need to motivate workers to concentrate on maintaining high quality standards in their work. Engineering managers, engineers, and computer specialists command higher pay because of their advanced education and training.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited March 2008, http://www.bls.gov/oco/]

Summary >
Durable goods are designed to operate for a long period of time, while nondurable goods are designed to operate for a short period of time. The manufacturing systems that create these goods may be classified into types, such as customized production, batch production, and continuous production. Common manufacturing systems include the job shop, flow shop, project shop, continuous process, and the newer linked-cell system. Continuous processes usually involve chemical technologies, which provide a means for humans to alter or modify materials and to produce chemical products. For any system, the pressure to keep costs down and simultaneously meet customer demands is always balanced by the need for quality and reliability. The overarching goal in manufacturing is to design and implement manufacturing systems that provide low cost, superior quality, and on-time delivery.
The pursuit of quality begins at product conception, and follows through the design, analysis, manufacture, and delivery of the product to the customer. As materials have different qualities and may be classified as natural, synthetic, or mixed, we must consider materials early in the process. A fundamental challenge in designing and manufacturing a new product is balancing the cost of measuring, assessing, and controlling quality versus the benefits. Companies must produce products that are competitive in price and better in performance than others on the market. Total Quality Management, which extends beyond manufacturing a product, into design, analysis, marketing, sales, distribution, and billing, is one method for balancing quality and benefits. Servicing our equipment is an important consideration that keeps products in good operating condition and helps us maintain quality. Safety and quality are issues of great concern to all engineers, who must ensure that when products fail they do not become safety hazards.

Mass production is the production of large amounts of standardized products on production lines. The interchangeability of parts increases the effectiveness of manufacturing processes. The goal of automation is for everything—services, manufacture, materials and information handling, assembly, and inspection—to be performed totally automatically. Automation raises several important social issues—in particular, its impact on the workforce.

There are a number of important trends and techniques to consider in manufacturing. In lean manufacturing, we develop our production schedule based on customer demand and actual needs, keeping inventory, workforce, and other resources lean. Rapid-prototyping or rapid manufacturing are becoming increasingly cheaper and more accessible, allowing us to very quickly create a physical model or representation of our product. Concurrent engineering is a multidisciplinary team (engineering, sales, marketing, manufacturing, consumers, etc.) working together from the beginning to the end of the product lifecycle. Agile manufacturing provides companies with an organizational strategy and the processes, tools, and training to facilitate quicker decisions and produce a greater variety of new products faster, cheaper, and with greater quality. Marketing involves establishing a product’s identity, conducting research on its potential, advertising it, distributing it, and selling it.

Global challenges are forcing many organizations to reshape the way they operate to maintain their global competitiveness. In today’s global economy, successful manufacturing firms are not those that discover new technology, but instead are those able to identify the needs of customers and bring products that meet those needs to market in a timely manner and at low cost.

FEEDBACK
1.
Identify a career that still requires serving an apprenticeship.

2.
Explain why early manufacturing plants were located near rivers.

3.
What is the difference between a durable good and a nondurable good?

4.
Briefly describe the goal of Just-In-Time manufacturing.

5.
If you were to create your “perfect” cell phone, what would it look like? What specific functions would it have? What would this cell phone be able to do that your existing cell phone cannot do?

6.
List the four steps in the Total Quality Management (TQM) process.

7.
Why is interoperability of parts so important in automated manufacturing?

8.
Describe the impact of Computer Numerical Control on the manufacturing process.

9.
List four types of AGVs and describe how they are used in automated manufacturing.

10.
What are rapid manufacturing and prototyping and what are some applications?

11.
What is the goal of concurrent engineering?

12.
Describe agile manufacturing and give an example.

13.
Why are teamwork and multidisciplinary teams so important in modern manufacturing systems?

14.
What is the difference between offshoring and outsourcing?

15.
Explain how the Boeing 787 project was different from any other and why it is significant. As needed, use the Internet to research articles on the Boeing 787.

DESIGN CHALLENGE 1:
Manufacturing an Antacid-Powered Rocket

· Problem Situation

We have learned the United States is competing in an increasingly global economy. As the number of scientists, engineers, and technologists in other countries such as China and India is growing, fewer students pursue these careers in this country. Getting young kids interested in careers in science, technology, engineering, and mathematics is a national imperative that many organizations have begun to address. For example, NASA (the National Aeronautics and Space Administration) has developed a number of exemplary materials for this very purpose. One such resource is 3-2-1 POP!, an activity requiring students to build a small rocket with construction paper or heavy-weight stock paper.
More students might be able to try out the 3-2-1 POP activity if they had easy access to the material required for the activity. In this Design Challenge, you will develop a means of mass-producing and marketing rocket kits that contain all the material required to build a rocket. You will use the 3-2-1 POP! activity as a starting point.
· Your Challenge

Given the necessary materials, you will research rockets and propulsion systems, develop a prototype rocket, consider alternative materials and propulsion systems, and finally create the jigs, fixtures, and processes for the small-scale mass production of your chosen prototype. You will then design a packaging and marketing strategy that will excite younger students about careers in engineering and technology and encourage more students to pursue these careers.
· Safety Considerations

1.
Use a great deal of care when working with electricity and power tools.

2.
Wear eye protection at all times.

· Materials Needed

1.
NASA’s 3-2-1-POP! activity

2.
Construction paper

3.
A variety of heavy-weight (60-110#) paper

4.
Flexible plastic sheets

5.
A variety of stock pieces of wood and aluminum (block, cylinders, cones, etc.)

6.
A variety of fastener materials, including tape, glue, or additional means your instructor may provide

7.
Access to a machine shop or hand tools

8.
Scissors and an X-acto knife

9.
Plastic 35-mm film canisters and other similar small containers with lids

10.
Effervescing antacid tablets

11.
Plastic packaging bags.

12.
Self-adhesive labels

13.
Markers

14.
Stopwatch

· Clarify the Design Specifications and Constraints

Working as a team, you will create and demonstrate a small-scale mass production unit that produces rocket kits promoting careers in engineering and technology. The rocket should be safe to operate and use no hazardous materials. It should be easy for young people to construct and assemble. The production process should be time and cost effective and provide end-products that are easily reproducible, safe, and of high and consistent quality. Your solution should also include a packaging, labeling, and marketing strategy that is attractive and appealing to young people.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Web safety.

2.
In your guide, complete the Knowledge and Skill Builder II: Shop and tool safety.

3.
In your guide, complete the Knowledge and Skill Builder III: Selecting materials.

4.
In your guide, complete the Knowledge and Skill Builder IV: Refining an existing design.

5.
In your guide, complete the Knowledge and Skill Builder V: Prototyping and testing a design.

6.
In your guide, complete the Knowledge and Skill Builder VI: Jigs and fixtures.

7.
In your guide, complete the Knowledge and Skill Builder VII: Mass producing a small product.

8.
In your guide, complete the Knowledge and Skill Builder VIII: Quality

9.
In your guide, complete the Knowledge and Skill Builder IX: Product marketing.

· Generate Alternative Designs

Describe two possible alternatives to your production process. Discuss the decisions you made in (a) materials selection, (b) propulsion system, (c) production process, and (d) marketing strategy. Attach printouts, photographs, and drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution
What decisions did you reach about the design of the rocket, the production process, and the marketing strategy?

· Display Your Prototypes

Produce your completed prototype, packaged, labeled, and ready for distribution. Provide details of the production process, alternatives considered, and average time required to produce a single product.
· Test and Evaluate

Explain if your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you face that would cause you to redesign the (a) rocket, and/or (b) the production process? What changes would you recommend in your new designs? What additional tradeoffs would you have to make?
· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

DESIGN CHALLENGE 2:
Prototyping a Manufacturing Cell for Product Assembly

· Problem Situation

One of the most cost-effective ways to bring down the per-unit cost of a product is to automate the assembly process. Often, the cost of producing the individual components is outside of our control, depending instead on a particular vendor and the materials, processes, and procedures they employ. With this constraint, we will attempt to create a method of assembling small products that is cost-effective, rapid, and produces high-quality products. The more we succeed in keeping the costs down for our assembly process and the quality up, the greater the likelihood that we will end up with a profitable product.

· Your Challenge

Given the necessary materials, you will create, test, and refine a manufacturing cell to automate the assembly of multipart ballpoint pens. In the cell, you must be able to quickly sort a bulk container of materials, separating the parts into individual categories. You must then provide a series of operations in the cell that will lead to completed ballpoint pens. Your process should include a mechanism for quality assessment and control.

· Safety Considerations

1.
Use a great deal of care when working with electricity and power tools.

2.
Wear eye protection at all times.

3.
Use insulated tools when working with electric components.

· Materials Needed

1.
A variety of ballpoint pens that can be disassembled and reassembled

2.
A variety of stock pieces of wood and aluminum (block, cylinders, etc.)

3.
Access to a machine shop and/or hand tools

4.
Stopwatch

· Clarify the Design Specifications and Constraints

You must first be able to accurately sort a bin of ballpoint pen parts with minimal human intervention. Once the components to the ballpoint pen are sorted, you must be able to quickly and efficiently assemble them. Key metrics for your assembly process include total time for assembly, number of assembly steps required, number of “rejects,” and the quality of the products. A quality check must be in place to ensure that the pens function properly—your team will decide what that means. Your prototype assembly should be easily scalable to 1,000, 10,000, and 100,000 without incurring great losses in efficiency or quality.
· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Shop and tool safety

2.
In your guide, complete the Knowledge and Skill Builder II: Multistep assembly

3.
In your guide, complete the Knowledge and Skill Builder III: Automatic sorting

4.
In your guide, complete the Knowledge and Skill Builder IV: Jigs and fixtures

5.
In your guide, complete the Knowledge and Skill Builder V: Manufacturing cells

6.
In your guide, complete the Knowledge and Skill Builder VI: Quality

7.
In your guide, complete the Knowledge and Skill Builder VII: Automated assembly

· Generate Alternative Designs

Describe two of the possible alternative approaches to assembling the ballpoint pen. Discuss the decisions you made in (a) sorting pieces, (b) assembling, and (c) quality assurance. Attach printouts, photographs, and drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution
What decisions did you reach about the design of a small-scale assembly process?

· Display Your Prototypes

Produce your manufacturing cell, any jigs and fixtures used, and completed products. As needed, include descriptions, photographs, or drawings of these in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you face that would cause you to redesign the (a) sorting process, (b) the assembly, and/or (c) the quality check? What changes would you recommend in your new designs? What additional trade-offs would you have to make?
· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

Numbered Figure

Figure 5.1|Each of the parts that make up an cell phone has to be manufactured.

Figure 5.2|In the past, when manufacturing was the work of craftsmen or artisans, neophytes learned their trade by serving as apprentices.

Figure 5.3|In the United States, industries are regulated through labor and environmental laws designed to protect the laborer.

Figure 5.4|A large, modern power plant like this one can generate and distribute power far more efficiently than older devices, such as waterwheels and steam engines.

Figure 5.5|A system takes an input and transforms it into the desired output.

Figure 5.6|A Nintendo Wii is an example of a durable good because it is intended to have a long and useful life.

Figure 5.7|A job shop is a flexible system that can be used to manufacture a wide variety of products. It most often used for small jobs or custom products.

Figure 5.8|A flow shop, or flow line, system is set up to produce a specific product.

Figure 5.9|You can think of a project shop as the opposite of a flow shop. The product remains stationery, with people and machines coming to it.

Figure 5.10|In a continuous process system, the product (such as oil) actually flows from one station to another.

Figure 5.11|A key-cutting machine uses a jig to create an exact replica of another key.

Figure 5.12|A manned cell is operated by humans.

Figure 5.13|An unmanned cell, or robotic cell, is operated by robots.

Figure 5.14|Henry Ford started by producing a single version of his product—the Model T. Now the Ford Motor Company offers a wide array of cars and trucks.

Figure 5.15|Many companies emphasize the quality of their products in their advertisements and promotional Web sites.

Figure 5.16|Even Thomas Edison, the personification of the lone genius, needed help from others to complete the development of his inventions.

Figure 5.17|A typical TQM program follows a four-step process.

Figure 5.18|Genichi Taguchi is the Japanese engineer and statistician who developed a widely implemented technique for using statistical analysis to improve the quality of manufactured goods.

Figure 5.19|Applying TQM principles can prevent the kind of tiny surface defect that could lead to a structural failure in an airplane wing.

Figure 5.20|Seatbelts were not always required, but laws were eventually passed that made them mandatory. Manufacturers then had to figure out how to make a safe and useful seatbelt.

Figure 5.21|This woman is using an ergonomic keyboard and mouse, which are designed to help prevent injury.

Figure 5.22|Henry Ford’s assembly line was the first example of mass production.

Figure 5.23|Automation makes a packing line like this one highly efficient.

Figure 5.24|Self-adjusting machines rely on a feedback control loop that provides information about the performance and operation of the machine. The machine then uses this information to control and adjust its operation.

Figure 5.25|A CNC machine reads G-code instructions and controls a machine tool to fabricate components by the selective removal of material.

Figure 5.26|In business, engineers often have to prepare presentations like this PowerPoint presentation, which argues in favor of automating CNC operations.

Figure 5.27|CAD/CAM software eliminates the need for blueprints and other printed documentation.
Figure 5.28|The most basic G-code can simply move a machine tool along a straight line. Circles like this are more complicated.

Figure 5.29|You could write G-code that would allow a CNC machine to create any one of these bolts.

Figure 5.30|An automated guided vehicle, or AGV, is a mobile robot. An AGV can hugely increase the efficiency and reduce costs in a plant or warehouse.

Figure 5.31|Contour Crafting Machine

Figure 5.32|Contour crafting is used to build a traditional, single family home, an adobe home, and a large apartment building.
Figure 5.33|A manufacturing system is made up of inputs, processes, and outputs.
Figure 5.34|Lean manufacturing requires efficient use of technology, people, and systems.

Figure 5.35|Using a rapid prototyping machine, you could create a physical model of a new product. Then you could market test the prototype before you invest in large scale production.

Figure 5.36|In concurrent engineering, all aspects of the project (conception, materials selection, design, testing, manufacturing, production, market, etc.) are considered as a whole, rather than isolated from one another.
Figure 5.37|Agile manufacturing brings together a highly skilled, flexible workforce, processes that are flexible and enable rapid action; a strong, company-wide corporate commitment; and a strong alignment and connection to customers, suppliers, and other external and internal partners.

Figure 5.38|Like the members of crew, workers in an agile manufacturing company have to work together as a team.

Figure 5.39|The Boeing 787 Dreamliner is the most advanced commercial aircraft that exists. It is an excellent example of a product developed through global partnerships and agile manufacturing.

Figure 5.40|These visual cues should give you a sense of the difference between the measurement scales you are used to and nanoscale.

Figure 5.41|When you think of the modern economy, think of the globe. New technologies affect the entire world.

Figure 5.42|CAD software makes it possible to run virtual flight tests of an airplane that hasn’t even been built yet.

Figure 5.43|It’s incredible to think of what was involved in the development of the Boeing 787, when you consider the complexity of a typical airplane and the critical nature of nearly every component.

Figure 5.44|Among other things, Dean Kamen is the inventor of the Segway scooter, a mobile dialysis system, an insulin pump, and an all-terrain electric wheelchair.

Figure 5.45|Dean Kamen demonstrates the iBOT to President Bill Clinton.
Figure 5.46|Magnetic resonance imaging (MRI) is a technology that is used to create images of the body, similar to X-rays. MRIs created in one country are often read and interpreted by doctors in another country, with the results sent back to the patient’s doctor via the Internet. This practice of transferring businesses processes from one country to another is called offshoring.
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