INTRODUCTION
TRANSPORT DEALS WITH the movement of goods or people from place to place. The ability to do this efficiently is so vital to how we live that society has created an entire organizational system devoted to that task: the transportation system. As illustrated in Figure 8.1, the transportation system is made up of the various means of moving goods or people from place to place, combined with a large and highly integrated infrastructure of support components, such as roads, docks, railroads, and air corridors.
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Users of the transportation system employ a number of distinct modes of operation that include sea, road, rail, and air transportation systems. The users of such systems often have varied needs. Sometimes the cost of transporting goods or people is a significant factor; sometimes, when time is critical, cost is not as important as speed. The transportation industry does its best to offer flexibility. Providing a workable solution to the varied needs of those using the transportation system is often a compromise between three key factors:

· speed

· cost

· volume

Although it is not always possible to generalize, the following also could be said to apply:

· The higher the speed, the higher the cost

· The larger the volume, the lower the cost

[[Insert Figure 8.1 here]]

Given the above, users of the transportation system have to select the most suitable mode of transport for their particular needs. The considerable growth in global trading patterns, as well as greater worker mobility and expanded leisure opportunities, drives continued growth in this industry year-on-year.

Increasing demand for transportation services creates a need for the manufacture of all forms of vehicles (cars, trucks, rail cars, ships, and aircraft). The transportation system also needs energy to function. The increased demand for transportation is having a significant effect on the consumption of the world’s energy resources. In 2007, transportation alone consumed nearly half of the 86 million barrels per day of oil consumed worldwide. Since the production of U.S. domestic oil has greatly decreased, largely due to exhaustion of supplies, the United States has, for some time, been a net importer of oil to provide the energy needs of the nation.

Oil consumption has a significant impact on the environment. As fossil fuels, such as gasoline, jet fuel, and diesel oil are burned to power the transportation system, the exhaust fumes include a large volume of carbon dioxide and other pollutants, as well as gasses that are thought to contribute greatly to the increase in global warming and air pollution. These two major factors—the need to reduce consumption of oil and the need to reduce exhaust gas emissions and pollution—will have a significant effect on how people design, make, and use transportation systems in the future.

In this chapter, we will discuss improvements to the transportation system over the centuries. We will also examine the current global transportation system, its impact on the world, and the factors that have influenced its development. We will review the various transportation systems and look at new technologies that will affect future developments in this industry.

SECTION 1: Understanding the Global Transportation Picture

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Transport of various items and people extends back to the beginning of civilization. The need to move people or carry goods from place to place gave birth to transportation.

· Transportation plays a vital role in the operation of other technologies, such as manufacturing, construction, communication, and agriculture.

· Prior to the beginning of the Industrial Revolution, water was the only realistic transportation method for moving large volumes of products.

· Beginning in the early 1800s, the steam locomotive grew to dominate long-distance movement of people and goods until the advent of the internal combustion engine era in the early twentieth century.
· The mechanization of travel started a period of growth and development that continues to this day and into the future in terms of improvement of the three key attributes of the transportation industry: speed, volume, and cost.
· Transportation services and methods have led to a population that is regularly on the move.
· Transportation has a significant impact on the environment.

[[End Key Ideas > Box here]]

Transport of various items and people extends back to the beginning of civilization. The need to move people or carry goods from place to place gave birth to the earliest transportation systems. In addition, transportation has played a vital role in the operation of other technologies, such as manufacturing, construction, communication, and agriculture. Over time, humans developed ways of making the process of moving goods or people easier. They developed the sled to drag objects too heavy to carry; they developed the wheel and, probably not long after, the cart to make the process of moving goods and people over land much easier. Once animals were domesticated, the movement of loads too heavy for humans to handle became possible by harnessing animals to carts. The animals used for this purpose tended to be docile, powerful, and well-suited to hauling a very large load. They were, however, very slow. An oxcart, similar to the one shown in Figure 8.2, has a top speed of 1–2 mph.

[[Insert Figure 8.2 here]]

When humans moved away from hunting and gathering, they turned to planting crops, raising animals for food, and making articles for trade. In order to trade effectively, people needed ways to move their goods to new markets. For 6,000 years, human- or animal-powered carts and boats traveled via roads, rivers, and canals to distribute goods or to move people. The process was quite successful, but quite slow. The Industrial Revolution changed everything. Beginning in England in the late 1700s, the Industrial Revolution marked the transition from an agrarian economy to an economy built around machines and industry. The volume of goods being produced after the start of the Industrial Revolution was such that products needed to be moved quickly and efficiently to people across the globe who would buy and use them.

Prior to the Industrial Revolution, water was the only realistic transportation method for moving large volumes of products. Improvements such as building a system of locks on rivers in order to move boats between different water levels and developing canals to link towns not connected by rivers expanded the naturally flowing river-based distribution system. Canals, such as the one shown in Figure 8.3, are manmade waterways between two of more points. Although more efficient than the oxcart, the water-based distribution system was limited. It could not easily cross natural barriers, and you cannot build a canal without water. In addition, many parts of the world did not have access to the large volume of water needed to support a canal-based transport system.

[[Insert Figure 8.3 here]]

Mechanization of Travel

By 1802, Richard Trevithick of Cornwall, England, had employed the steam locomotive as the source of motive power to move a vehicle. A steam engine uses high-pressure steam to power reciprocating pistons that move the wheels of the locomotive. After this milestone event, the power of fossil fuels would be used to generate power for transportation in a way never imagined before. The steam locomotive boasted a pulling force that far exceeded that of oxen, and it could travel at a much higher speed. Figure 8.4 shows an example of a steam locomotive that is still running at the Steamtown National Historic Site in Scranton, Pennsylvania.

Beginning in the early 1800s, the steam locomotive grew to dominate long distance movement of people and goods until the advent of the internal combustion engine era in the early twentieth century. The use of steam power was not limited to railroads. Shipping companies discovered that the steam engine enabled the industry to move from slow and haphazard sail power, to large metal-hulled steam ships that carried greater loads of freight and passengers at much higher speeds and reduced journey times. The mechanization of travel sparked a period of growth and development that continues to this day and into the future in terms of improvement of the three key attributes of the transportation industry: speed, volume, and cost.

[[Insert Figure 8.4 here]]

Global Trade

Very few products are now made in one location, or even in one country. The growth of companies that trade in many countries, as well as the cost savings achieved by moving manufacturing or assembly to countries with different economic climates, has led to a massive growth in international trade. In order to meet the demands of international trade, transportation of manufactured goods has grown by 50 percent worldwide since 1990. This trend shows no sign of slowing, as trade with the most populous countries in the world, China and India, is expanding every year.

Passenger Travel

Not only are we seeing growth in the movement of goods, but more people are traveling than ever before. Transportation services and methods have led to a population that is regularly on the move. Worldwide business and leisure travel is growing at a rate of 15 percent annually. A traveler can now make complex travel arrangements, including booking international flights, hotels, and car rentals, all from a home computer via the Internet (see Figure 8.5). The travel industry was not always so accommodating. Each company had it own booking system, and no common method of exchanging information between companies existed. As the use of computerized reservation systems (CRS) became more widespread in the 1950s, the airline industry realized that by integrating their individual company booking systems, they would be much more powerful as a whole if the booking process could automatically and easily find the shortest journey time by using flights from multiple companies. The interconnected booking capability of the airline industry proved to be a significant factor in its growth and is a prime example of the way technology has influenced the transportation sector.
[[Insert Figure 8.5 here]]

Freight

The movement of goods and materials is the largest sector of the transportation industry. Although some high-value products need to be transported quickly, in general the freight industry is willing to accept longer journey times in exchange for reduction in transportation costs.

Containerization is the process of placing goods in a secure movable container (see Figure 8.6) that does not have to be unloaded and repacked at every transfer point. Prior to containerization, freight was unloaded manually from rail or truck and then manually loaded in small batches into the hold of a cargo ship by a dockside crane. This was a lengthy and expensive process that had to be repeated in reverse at the other end of the voyage. In 1956, when the first U.S. container service was inaugurated, the cost of hand loading freight was $5.86 per ton. The first container ship carrying a total of 58 containers to leave the Port of Newark was loaded at a cost of $0.16 per ton.

The development of the standardized shipping container significantly changed the world of manufactured freight transportation. The ability to place goods in a secure container at the place of manufacture, and, without any additional handling and repacking, to have the goods shipped to the customer using standardized truck, rail, and ship systems, was truly revolutionary.

The widespread use of containers for movement of almost all nonbulk goods has led to the expansion of intermodal shipping, which means that goods are shipped using more than one mode of transport without additional handling. For example, a container can be filled with manufactured items at a factory, securely locked, and sealed. It can then be loaded on a truck, which transports it to a rail-freight depot. At the rail depot, the container can be loaded onto a flat car and taken to a container port for loading onto a container ship for transport to anywhere in the world. All of this movement occurs without any additional handling of the goods inside the container.

[[Insert Figure 8.6 here]]

TECHNOLOGY AND PEOPLE:
Malcom McLean

A high school graduate from Texas, Malcom McLean started a small freight-hauling company with one truck and built it into one of the largest freight haulage companies in the United States.

While running his company, McLean had observed that the loading and unloading of ships was very inefficient. Every item had to be unloaded from a truck onto a hoist, and then transferred into the hold of a ship where it was then unloaded once more. This labor-intensive system, which employed longshoremen to do all the loading and unloading, is known as “break-bulk loading.” McLean realized that if the entire truck trailer could be loaded by crane into the hold of the ship, this would greatly speed up the loading and unloading of ships, and, at the same time, reduce breakage and theft. He wasn’t allowed to put his ideas into practice at that time because the interstate commerce laws did not allow a trucking company to own a shipping company.

McLean sold his trucking company in 1955 and moved to New York, where he bought a small shipping line. It wasn’t too long before he converted a ship to carry pre-packed freight in standard-sized shipping containers and trailers. Although not the first to transport freight pre-packed in some form of shipping unit, he was one of the first to use a sealed container that could be packed at the point of manufacture and not opened until delivered to its destination. His standard-size shipping containers could be carried by truck, railcar, or ship, and the contents did not need handling at any point during the journey.

On April 26, 1956, one of McLean’s converted ships, the Ideal-X, was loaded at the Port of Newark, New Jersey, and departed for the Port of Houston, Texas, carrying fifty-eight 35-ft containers. At that time, break-bulk loading of a ship using cranes, slings and longshoremen on the dock and in the hold of the ship cost $5.86 per ton. Using his pre-packed containers, it cost McLean only 16 cents per ton to load the Ideal-X, a saving of 97 percent.

[[Insert Figure 8.7 here]]

At the same time that McLean was developing his container ships, the shipping industry was trying to increase its efficiency by increasing the size of ships and docks and the size and capacity of cranes that loaded ships, as well as making other mechanical improvements to increase the handling capacity for break-bulk loading of ships. The willingness to use more mechanization in U.S. ports, when combined with McLean’s pre-packed containers that could be loaded so efficiently onto purpose built ships was a setting that would lead to a revolution in the shipping industry for the next twenty years.

The containerization revolution started quite slowly, with the first ship configured to carry only containers, the Gateway City, commencing regular service between New York, Florida, and Texas in 1957. In 1964, McLean opened a 100-acre container port at Elizabeth, New Jersey, to handle the growth of U.S. container traffic. Even with the development of large container-handling facilities in the U.S., the growth of the worldwide container market was slow until the late 1960s. Many ports in other countries did not have the cranes to lift containers on and off ships, and change was slow to come to an industry steeped in tradition. Also, the dock workers’ unions, both in the United States and abroad, initially resisted the idea of containerization because it appeared to threaten their jobs. As U.S. involvement in the Vietnam War grew in the 1960s, McLean’s success in supplying U.S. forces in Vietnam persuaded the rest of the world of the potential of containerized shipping.

In addition, to assist the growth of containerization across the shipping world, McLean chose to make his patents for his standardized containers available without royalty payment to the shipping industry. He knew that for the industry to grow, containers must be manufactured to the same exact standard dimensions in all countries without any legal impediment to adopting his standard. The move toward greater standardization accelerated the intermodal transportation industry. By the end of the 1960s, McLean’s company, SeaLand Industries, owned and used 27,000 standard containers, thirty-six container ships, and container handling facilities in over thirty port cities.

Oil is often transported by pipeline to a port, where it is loaded into an oil tanker. The tanker will then transport the oil to a distant location where the oil is transshipped by pipeline or offloaded to a depot to be loaded on to a rail or road tanker. Mission critical or high-value freight is often carried by air. A number of freight companies such as FedEx or UPS operate very tightly integrated company-based systems, owning and operating all aspects of the business. This means that they are able to deliver goods to anywhere in the world with extraordinary speed, although the cost of such services is considerably higher than the cost of moving the same goods by bulk shipping.

Environmental Impact

Transportation has a significant impact on the environment. From the exhaust emissions of automobiles, trucks, trains, ships, and aircraft, to the use of yet more land to support our need for roads, runways, and railroads, to the noise created by all these various transport systems sharing our living, working, and leisure space, transportation has substantial effect on the world. As shown in Figure 8.8, transportation accounts for 27 percent of U.S. greenhouse gas emissions and 80 percent of urban air pollution.

Vehicles powered by the internal combustion engine produce a large number of pollutants. The emissions from all forms of transport are significant, but it is clear that carbon dioxide (CO2) by far forms the majority of the output. This gas is thought to be one of the major causes of global warming. In 2004, the transportation sector in the U.S. emitted 331 million tons of carbon dioxide (see Figure 8.9). Although the U.S. comprises only 5 percent of the world’s population, we produce 21 percent of the world’s output of greenhouse gasses.

[[Insert Figure 8.8 here]]

[[Insert Figure 8.9 here]]

Aircraft emissions contributed 3.5 percent to greenhouse gas emissions in 2005. A recent research paper has suggested that aircraft emissions, since they are released in the atmosphere, amplify the effect of the carbon dioxide, nitrogen oxide, and water vapor emitted. If that is the case, then the total warming effect of aircraft emissions is 2.7 times greater, or 9.45 percent in total. The transportation industry is slowly responding to this challenge by developing cleaner technologies and alternate fuels.

[[Start Section one Feedback > here]]

SECTION ONE FEEDBACK >
1.
Why is containerization so important to manufacturers who export goods?

2.
How do computerized reservation systems help the traveler?

3.
When would a manufacturer use air freight to deliver its goods?

4.
What is the most significant factor in the growth of the global transportation system?

5.
Describe the significance of the Industrial Revolution.

6.
Describe three environmental impacts of the global transportation system.

7.
What was the percentage of worldwide carbon dioxide emission produced by the United States in 2004?

[[End Section one Feedback > here]]

SECTION 2: Examining Transportation Systems

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Intermodalism is the use of different modes of transportation, such as highways, railways, and waterways as part of an interconnected system that can move people and goods easily from one mode to another.

· The vast majority of manufactured and semi-manufactured goods exported from one country to another are carried on specialist container vessels in standardized containers.

· The high costs of other means of travel have recently spurred interest in developing high-speed intercity train services in the United States.

· Even though the technology to build better roads existed in the early 1900s, it was the massive growth in automobile ownership from the 1920s onwards that created a nationwide demand for a comprehensive network of roadways.

· The interstate system of limited-access highways offers rapid travel over long distances between major cities across the nation.

· Increasingly, space is being commercialized, and a large number of communication companies can exploit the very wide footprint or viewable area of a single satellite placed in Earth’s orbit.

[[End Key Ideas > Box here]]

The transportation industry serves the needs of a wide and diverse group of people, many with differing needs. A multinational manufacturer of large systems wants parts moved quickly and cheaply from various countries to the point of assembly. Such a manufacturer then often wants finished goods shipped to the customer in the most secure and economical way. A business traveler might see travel time as time that could have instead been used to transact sales and so prefers the shortest journey time. The leisure traveler relaxing on a cruise ship is less concerned with speed, but rather with comfort and accommodation. The complex and multifaceted needs of users of the transportation system has led to the development of a wide range of modes of transportation. Each mode of transportation offers its own opportunities and challenges. Intermodalism is the use of different modes of transportation, such as highways, railways, and waterways as part of an interconnected system that can move people or goods easily from one mode to another.

Water

Water covers 71 percent of the Earth’s surface. If a buoyant article is placed in water, it will require much less force to move that article compared with moving it on a solid surface, such as the ground. These factors made waterways the primary means of transporting people and goods from the Stone Age until the advent of mechanized transport systems developed during the Industrial Revolution. The wooden ships of the eighteenth century were the peak of the technological development at that time. The trading ships weighed some 100–300 tons, and were built to carry goods across seas and oceans. The advent of the Industrial Revolution allowed the use of iron for manufacturing the ships’ hulls and steam to propel the ships. From this point on, the size of ships grew considerably and journey times decreased.

Freight Carrying Ships As you can see in Figure 8.10, freight-carrying vessels comprise the majority of the world’s shipping fleet. They vary in size from small inland vessels weighing 100 tons or less, used for off loading bigger vessels or for local transport on small lakes and rivers, to very large ships weighing over 300,000 tons. The volume of freight cargo has been growing steadily for many years. As the size of a ship increases, so does its efficiency, since it can carry more goods in a single journey. Since the 1950s, technology and shipbuilding techniques have evolved to make it much more practical to build and operate larger ships; however, there are some practical limitations to ship size.

For a large ship to be able to navigate safely, it must sail in water deep enough to allow the vessel to float without grounding on the ocean or sea floor. There are a number of places in the world where the depth of the shipping lanes is reduced by natural geophysical factors. This has limited the maximum size of the current generation of ships. For example, the Straits of Malacca, the main shipping channel between the Indian and Pacific Oceans, located between Malaysia and Indonesia, carries over one quarter of the world’s bulk and manufactured goods annually. This 700-mile long navigation channel is 2.6 miles wide at its narrowest point, and 130 feet deep at its shallowest point. This limits the size of ships using the Straits of Malacca to approximately 300,000 tons.

[[Insert Figure 8.10 here]]

There are other significant navigational barriers found across the world that limit ship size to much smaller than 300,000 tons. Many of the barriers are manmade canals, such as the Panama or Suez canals, that were constructed at a time when the technology did not exist to build very large ships or to construct and operate the complex port and dock facilities that large ships demand.

Container Ships The vast majority of manufactured and semi-manufactured goods exported from one country to another are carried on specialist vessels in standardized containers. Containers range from twenty feet in length up to fifty-three feet. To make it easier to calculate container loading, the industry measures container volume in twenty-foot equivalent units (TEU). Container-based freight has tripled in the last twelve years, and this growth is predicted to continue in the future. Container ships range from feeder ships carrying 500 to 1,000 TEU containers up to those carrying 9,000 TEU or more containers.

Tankers, Liquid Natural Gas, and Bulk Carriers Currently, the tanker and bulk carrier fleets comprise the largest proportion of the freight fleet. The products they carry—mostly oil, pressurized or liquefied gasses, metal ore, or grain products—benefit from movement in bulk. Like all freight carrying ships, there are benefits from scale, so, not surprisingly, such ships have grown in size over time. The largest ship in the world is an oil tanker weighing 500,000 tons, although the vast majority of the tanker fleet ranges from 279,000 to 320,000 tons due to the navigation limitation mentioned earlier.

[[Insert Figure 8.11 here]]

Cruise Ships and Liners The $13-billion cruise line industry has been the fastest growing segment of the travel and tourism industry. Worldwide, it has grown from 0.5 million passengers a year in 1970 to 9.5 million passengers in 2000. As the industry seeks to increase revenue by carrying more passengers per cruise ship, the size of the average ship has grown from 75,000 tons in the 1970s to over 200,000 tons and more. The desire to provide passengers with sea views has created ships that are tall and wide, thus providing more external surface area for cabin windows. Liners are ships designed to make ocean crossings at speed in all weather, unlike cruise ships that are designed and operated for passenger comfort. The Queen Mary 2, shown in Figure 8.12, is one of a new generation of “cruise liners” that can operate safely and at speed when crossing oceans and also act as a cruise ship when necessary. The long and sleek design of the Queen Mary 2 reflects its need to be able to handle the severe weather that can be encountered when crossing oceans.

Warships Warships can vary from the very small beach-assault craft up to 100,000 ton nuclear-powered aircraft carriers. Warships tend to have very specific roles. For example, the amphibious assault ship, shown in Figure 8.13, is designed to allow troops to land using small amphibious craft carried within the hull of the larger vessel. The aircraft carrier carries a large number of aircraft and their support infrastructure. The aircraft carrier can be nuclear powered, giving it great endurance since the power plant requires very infrequent refueling.

Leisure Craft Leisure craft can range from the low cost small recreational watercraft up to luxury ships owned by the very wealthy. Personal watercraft are small vessels that the rider sits on or stands on, shown in Figure 8.14. They are generally constructed from plastic moldings and buoyant materials. Off-shore racing boats are designed to go fast in all sea conditions. These boats race from point to point or over an extended circuit course and can exceed 190 mph. Luxury yachts are very large ships owned by a single person. The largest personal vessel is currently the Al Salamah (456 feet long—a football field is 360 feet long) owned by the Prince Sultan bin Abdul Aziz of Saudi Arabia. Equipped with a helipad and an indoor swimming pool, this diesel-engine boat can travel at 21 knots (nautical miles per hour).

[[Insert Figure 8.12 here]]

[[Insert Figure 8.13 here]]

Marine Propulsions Systems Marine vessels require both a means for propelling the vessel forward and a power source for that propulsion system. Advancements in both technologies have resulted in more efficient and effective water transportation. With the replacement of sail with steam-powered paddle propulsion systems, ships had the ability to travel independently of the direction of the wind.

[[Insert Figure 8.14 here]]

Paddle wheels quickly gave way to the much more efficient propeller screw propulsion systems, which proved to be much more efficient than side wheel paddles. A screw propeller has angled blades that rotate and push against the water to propel a ship. Similarly, the early reciprocating steam engines gave way to much more powerful steam turbines, which used hundreds of small blades placed in the path of jets of very high-pressure steam to rotate the propeller shaft. Although more efficient, steam turbines were expensive to manufacture and to maintain. Today, most large freight-carrying ships are powered by large and efficient diesel engines, propeller screws for propulsion (see Figure 8.15), and a rudder for direction control.

The cruise industry has fostered the development of the propulsion pods as a replacement for the usual engine-propeller and shaft-propeller screw arrangement. Propulsion pods contain high-efficiency electric motors that turn a propeller. A pod-equipped ship will usually use two or four pods, in combination with maneuvering systems such as bow thrusters. Pods, such as the one shown in Figure 8.16, can be fixed or can rotate through 360 degrees to maneuver the ship. Using rotating pods in combination with powerful bow thrusters, a very large cruise ship can be navigated from the bridge by means of a joystick-controlled integrated maneuvering system.

[[Insert Figure 8.15 here]]

[[Insert Figure 8.16 here]]

Queen Mary 2

( In May 2007, the Queen Mary 2 was docked at her berth in New York by the use of the integrated maneuvering system, without the aid of any tugboats (they were there just in case, but were not needed). The 150,000 ton, 1,315-foot-long Queen Mary 2 (like many other modern cruise ships) does not have a traditional engine room or a propeller shaft taking the power to propellers mounted at the stern of the ship. Instead it uses four propulsion pods. The two forward pods are fixed and pull the ship through the water; the rear pods can rotate through 360 degrees and are used to steer the ship.

The Queen Mary 2 is the first cruise liner to make use of modified, combined diesel and gas turbine engines linked to an electric propulsion system. Since this propulsion system requires electric motors for propulsion, it generates its own electrical power by connecting the four large diesel and two gas turbine engines to generators. For low-speed operation, the diesel engines are used. For high-speed operation, the diesel and gas turbine engines are used.

Warships often need to be able to depart rapidly from port, or to proceed at high speed, so the propulsion system cost and the fuel cost per mile are secondary considerations. Warships often use the most sophisticated propulsion systems: nuclear powered aircraft carriers use nuclear energy to generate steam that drives turbines; nuclear submarines use nuclear power to generate electricity to drive the propeller. Many smaller warships use combined diesel and gas turbine (CODAG) propulsion. In a CODAG propulsion system, the diesel engine is used for normal cruising and the diesel and gas turbine engines are used for higher speeds or for rapid departure from port.

A freight-carrying ship needs to be very economical to operate, so the more expensive propulsion systems found in warships and cruise liners are not likely to be employed to transport freight. The high-efficiency, single large diesel engine driving a single propeller is likely to remain the favored means of propulsion for some time. The freight industry is, however, interested in looking at other augmentive propulsion systems that would draw from other sources of energy, such as wind power, to supplement the diesel-engine-powered propulsion systems. The SkySail system has been developed for use on vessels up to 500 tons, and it has proved capable of reducing fuel cost per mile (see Figure 8.17).

[[Insert Figure 8.17 here]]

Water Jet Propulsion A water jet propulsion system, illustrated in Figure 8.18, has an engine that drives a water pump, which forces water out of a nozzle. This jet of water propels the vessel forward. The advantage of the water jet propulsion system is that is does not have any external moving parts (such as propellers) and so can be used near people or in very shallow water.

Rail

The early wooden rails that allowed carts carrying coal to be hauled from mines by coal miners, and later, by horses, evolved into steel rails that allowed steel-wheeled wagons to be hauled with much greater efficiency. This made it easier to haul coal over short distances using animal power, but the high cost of the rail infrastructure meant that the railroad was limited to distances of 5 to 10 miles at most. The advent of the steam locomotive changed that considerably. Suddenly, there was a means of harnessing considerable power to move people and goods over great distances. The railroad suddenly was a major competitor to the canals, and it had the advantage of being able to connect cities at a much lower cost than could canals.

[[Insert Figure 8.18 here]]

Passenger Travel Until the 1940s, rail carried more passengers than any other form of transport in the United States. From that time onwards, the development of a comprehensive interstate network and the resulting convenience of road travel, along with the speed and affordability of air travel, have all greatly reduced the use of the national rail network for medium- and long-distance passenger travel.

The high cost of other means of travel has recently spurred interest in developing high-speed intercity train services in the United States. This interest is also driven by the fact that rail travel is relatively fuel efficient and has a much smaller impact on the environment than expansion of the road or air travel networks. The added benefit of reducing direct greenhouse gas emissions and reducing automobile accident rates are also factors to be considered.

High Speed Trains The highly traveled east-coast corridor between Washington and Boston is an ideal location for high-speed train travel. A high-speed train (HST) is a train that travels at top speed in excess of 90 mph. The Amtrak Acela high-speed train (HST) runs at speeds up to 150 mph from Washington, DC, to Boston. The Acela train uses tilting railcar technology to increase the ability of the train to take curves at high speed on the existing track. The Acela journey time of 6 ½ hours from Washington to Boston is quicker than flying in most cases. The Acela depends on the use of a highly automated, computer-controlled positive control system that uses track sensors and computer systems to control all the trains using the various sections of track to ensure that each train safely runs on its own track. The positive control system allows the train to work with the command, signaling, and control systems operated by six different rail track companies along the route of its journey, as well as being able to switch between different electrical power systems along the journey.

Very High Speed Trains In countries where major cities are closer and the passenger rail system is well developed, the rail system already provides a viable alternative to air travel. The French and the Japanese have built a comprehensive, very-high-speed train system (VHST). The Japanese Shinkansen, or bullet train, is shown in Figure 8.19. VHST systems use specially constructed tracks that are segregated from general and freight traffic and are designed exclusively for high-speed use. A semi-integrated HST/VHST system now serves Belgium, France, Denmark, Germany, Italy, the Netherlands, Spain, Switzerland, and the United Kingdom.

Rapid Transit Systems In urban areas, rail-based rapid transit systems have proved to be an invaluable addition to the public transportation system. Rapid transit systems are high-frequency railways that usually run on tracks that are separated from other forms of transport, sometimes using underground or elevated tracks. Large cities served by such systems have seen ridership grow over time as the inconvenience and cost of driving in cities increases. The Metro in Washington, DC, and the subway in New York City are well known examples of such systems. Developing rapid transit systems is complex and expensive and few cities have commenced construction of such a system in the last twenty years.

[[Insert Figure 8.19 here]]

Light rail Many cities have followed the lead taken by San Diego in 1981 when it developed its light-rail public transportation system. Light-rail systems use electric-powered trams or streetcars and often run in the medians of city streets (see Figure 8.20). Light rail is now found in many U.S. cities, and many more cities are developing such systems.

Freight Railroads in the United States are still principally used for moving freight traffic. Rail companies carry 16 percent of the nation’s freight by weight and 28 percent by value—more than any other single form of transport. The rail system is well suited to heavy and bulky commodities and to the shipment of goods over longer distances. Coal, chemicals, intermodal containers, and automobiles comprise the majority of commodities shipped by rail.

[[Insert Figure 8.20 here]]

Road Travel

The earliest roads were often muddy and deeply rutted as a result of the traffic traversing them, and when the weather was bad, journey times increased greatly. The Romans realized that, to move their armies from place to place quickly, they needed good roadways that were unaffected by weather conditions. Accordingly, they constructed roads of stone or deep beds of crushed rock that withstood the weight of their carts and drained when wet (see Figure 8.21).

Even though the technology to build better roads existed in the early 1900s, it was the massive growth in automobile ownership from the 1920s onwards that created a nationwide demand for a comprehensive network of roadways. As shown in Figure 8.22, the annual production of vehicles in the major manufacturing countries continues to grow. As a consequence, the number of vehicles on the road multiplies year by year, as do the miles driven by those vehicles.

[[Insert Figure 8.21 here]]

[[Insert Figure 8.22 here]]

[[Insert Figure 8.23 here]]

Road Infrastructure The ability to bear heavier loads has been combined with improvements in highway design so that traffic travels faster and can flow smoothly around and over natural obstructions on purpose-built highways, such as the interstate system. The highway system offers rapid travel over long distances between major cities across the nation. Many larger urban areas use limited-access divided highways to speed traffic flow around and across their cities in conjunction with the interstate system.

The greatly increased volume of road traffic is creating its own problems, with traffic overwhelming the main streets and highways of cities and urban areas. In the past, the solution was to build new roads. However, competition for land in and around cities and towns is fierce. Developers want to build homes and businesses, and the community often wants more leisure and recreation space. This conundrum is leading to the situation where urban planning has to be much better coordinated so that the growth in homes and businesses is coordinated with integrated transportation planning. An integrated approach to infrastructure development means that communities can explore integrating transit accessibility as a means of reducing reliance on the automobile, including rail-based rapid-transit systems and dedicated bus lanes.

A number of larger cities have realized that they are now reaching the capacity of their road-based transportation infrastructure and that building more roads is impossible, so they are resorting to new approaches to reduce vehicular traffic. They are charging the user to use the road by setting up road pricing systems.

Road pricing operates in a very similar fashion to a toll road, in that users pay a fee to use the roadway. In cities using such schemes, vehicles are charged fees to enter the most congested parts of the city. London, England, has operated a Congestion Charging Zone for a number of years (see Figure 8.24). Cars and trucks entering the city during the working day are charged a fee. The system is automated for frequent users, in the same way as some toll roads in the United States use systems such as New York State’s E-ZPass automated charging system.

After four years of road pricing, London has seen a 30 percent decrease in the number of vehicles entering the center of the city (from 260,000 to 190,000 vehicles each day), and journey times for those entering the zone have dropped by 15 percent. Those no longer using their cars seem to have moved to public transportation or car sharing to get to work. A similar scheme has been considered for New York City, which would extend the New York State E-ZPass system to parts of lower Manhattan during the workday.

Automobile The popularity of the modern automobile powered by an internal combustion engine (ICE) was born from the use of efficient assembly and manufacturing processes, which allowed the vehicles to be offered to a working person at a price they could afford. Up to that time, the automobile was a luxury only the rich could afford, and the vehicles were built using techniques that carried over from an earlier time when the wealthy purchased handmade horse-drawn carriages.

[[Insert Figure 8.24 here]]

The annual production of vehicles in the major manufacturing countries continues to rise. The manufacturers of modern automobiles employ a wide range of technologies and materials to produce innovative cars that appeal to the buying public. The cars produced range from exotic sports cars like the Ford GT, to tough but luxurious off-road vehicles like the Hummer H2, to small city cars.

These modern cars contain a wealth of technology to make the vehicle safer and more efficient. The modern electronic engine management system measures multiple inputs, including barometric pressure, air temperature, engine temperature, exhaust gas temperature, engine air flow, engine speed, and engine load, and from these measurements, the system can calculate the amount of fuel to be injected into the cylinders at any time. The system also monitors the output of oxygen in the exhaust gasses to ensure that the correct mixture of fuel and air is being burned in the cylinders and to reduce the output of unburned hydrocarbons. Increasing fuel economy and reducing greenhouse gas emissions are high on the agenda of the automobile manufacturers. Unfortunately, the modern gasoline-powered, internal-combustion engine is very close to its optimum in terms of both economy and emissions. A number of automobile manufacturers are developing small cars for city driving. The reduced weight, combined with the use of small, fuel-efficient engines, means that these “microcars” are very economical to run (see Figure 8.25).

[[Insert Figure 8.25 here]]

Freight Trucks The demand for hauling freight by truck is increasing. And the number of large trucks on the roads has increased to meet this demand. Over 70 percent of freight in the United States is moved by large truck—that is, a truck that can carry more than 4 tons. Freight trucks range in size from the single-unit truck carrying up to 51,000 lbs, to the much more common semi-trailer or short double-trailer truck carrying up to 80,000 lbs of freight (see Figure 8.26).

Buses Buses serve as the backbone of mass transit in most U.S. cities. City buses are vehicles specially designed for the stop-start pattern of urban routes. School buses serve a similar function for many students throughout the United States, as well. Buses designed for long distance travel serve travelers in the United States and throughout the world. Almost all buses use diesel engines, although some cities are experimenting with the use of compressed natural gas as a fuel for the diesel engine, as shown in Figure 8.27.

[[Insert Figure 8.26 here]]

[[Insert Figure 8.27 here]]

Diesel Engine The diesel engine is significantly more efficient than a gasoline engine producing the same power (46 percent of the energy contained in diesel fuel is converted to useful work, compared to 15 percent of the energy available from gasoline fuel). This reduces fuel consumption by a significant margin when comparing gasoline powered engines producing the same power (tests show fuel consumption reductions of up to 40 percent in ideal situations). There are some drawbacks, however. The diesel engine is heavier and more expensive to manufacture than the gasoline engine. In general, for uses in which an engine needs to generate high power outputs for long periods of time, the diesel engine is the preferred choice. However, the diesel engine generates a significant proportion of the nitrogen oxides and particulates found in the atmosphere.

Air

Compared to the water, rail, and road transportation systems, passenger and freight air services are a fairly new development. However, the growth of air travel has been very rapid. The aviation industry grew quickly in the 1920s, to the point where more aircraft were sold than automobiles in 1929. The crash of the markets in the 1930s brought a halt to the growth in general aviation for some time. Air passenger travel and air freight conveyance began growing rapidly again in the 1970s, as shown in Figure 8.28.

[[Insert Figure 8.28 here]]

New technology and the use of modern composite materials (materials that combine chemically and mechanically to enhance the features of their component parts—for example, carbon fiber and epoxy resin) has allowed the development of a new generation of general aviation aircraft that are lighter, faster, and more fuel efficient (see Figure 8.29).

Commercial Aviation The commercial aviation industry was born as a result of public interest in this fast and convenient way to travel, plus the rapid development of reliable, multi-engine aircraft that could travel significant distances quickly and safely. The first airliners were propeller-driven aircraft with a seating capacity of ten to fifteen passengers, a top speed of 150–200 mph and a range of 500–800 miles. In 1935, the Douglas DC-3 revolutionized air travel with its ability to carry thirty-two passengers at a top speed of 240 mph at a range of over 1,000 miles. In 1930s, even the advanced-for-its-time DC3 took over twenty-one hours, with three stops for fuel, to fly thirty passengers from Los Angeles to New York. Today, it takes a Boeing 777 a little over five hours to fly over three hundred people on the same journey.

[[Insert Figure 8.29 here]]

[[Insert Figure 8.30 here]]

From those early beginning, the commercial aviation industry has grown considerably and continues to flourish. In 2006, the U.S. fleet of commercial aircraft was comprised of some 6,630 passenger aircraft and 1,000 cargo aircraft. The remarkable leaps in speed and efficiency of aircraft have reduced the cost of flying considerably. As a case in point, the relative cost of flying from New York to London has been reduced by a factor of ten since the early 1950s.

Aircraft Propulsion Aircraft propulsion systems have advanced at a remarkable pace. The early engines were heavy and unreliable. They had low power outputs and high fuel consumption. Gradual growth in engine power allowed the size of the airframe, the plane’s outer structure, to increase. Passenger capacity increased as a result. By the early 1950s, the Douglas DC7 could carry 100 passengers at a top speed of 355 mph. Powered by four radial engines, each rated at 3,400 BHP, it had a range of 4,600 miles. This range allowed it to break a significant commercial aviation barrier: the capacity to cross the Atlantic Ocean without refueling.

The development of the turbojet engine gave aircraft designers a much lighter and more powerful engine. The turbojet engine uses a form of kerosene as fuel and mixes the fuel with compressed air inside a combustion chamber (see Figure 8.31). The rapidly expanding gasses drive the compressor and then exit the engine at high pressure through the exhaust nozzle, providing forward thrust for the aircraft. The latest generation of turbojet engines, known as high-bypass turbofans, uses a large bypass fan to force air out of the engine nozzle to provide propulsion (see Figure 8.32). All modern jet-powered commercial aircraft use high bypass turbofan engines, which are much more efficient and somewhat quieter than non-bypass turbojets.

[[Insert Figure 8.31 here]]

[[Insert Figure 8.32 here]]

Modern Airliner Design Over time, the need to carry more people faster and more economically, while producing less pollution, has driven the demand for new aircraft. This same demand has created a market for more powerful and more fuel-efficient engines. Since an aircraft has to lift all its airframe and power plant into the air, it makes good sense to reduce the weight of the airframe and engines as well.

Boeing 787

( The Boeing 787 is a new twin-engine, wide-body medium-to-long-distance jet aircraft. The most striking feature of its design is the very high proportion of composites used in the construction. By weight, 50 percent of the aircraft is constructed using composite materials (80 percent by volume). Composite materials are a combination of two or more components, elements, or constituents, such as carbon fiber that is reinforced with plastic resins such as epoxy or polyurethane.

Composite construction offered many benefits to the designers of the Boeing 787, including:

· Made the aircraft strong and reduced the weight by up to 40,000 lb.

· Allowed the designers to improve the interior arrangements and increase the height of the windows, so passengers can look across the seatbacks and see out.

· Allowed an increase in cabin pressurization, without increasing material fatigue stresses.

· Increased cabin pressurization, which makes, it more comfortable for passengers since they feel like they are flying at a lower altitude.

· Reduced maintenance, particularly that associated with metal corrosion.

· Allowed the development of an aerodynamically efficient carbon-fiber wing.

Besides the extensive use of composites, the 787 uses very advanced flight control systems. They offer the ability to undertake vertical gust suppression and maneuver load reduction. If the aircraft enters turbulent air, vertical gust suppression will automatically dampen as much of the turbulence as possible. Maneuver load reduction uses the same systems to reduce the mechanical load on the wings and other control surfaces, caused when turning quickly or encountering turbulence. The engines are designed to be 8 percent more fuel efficient, and when combined with the reduced weight of the aircraft and its improved aerodynamics, it results in an aircraft that is 20 percent more fuel efficient. As a result, it produces 20 percent less pollution and greenhouse gas emissions.

[[Start Engineering Quick Take here]]

ENGINEERING QUICK TAKE
Just How Much Freight Can a FedEx Aircraft Carry?

The Cessna Caravan, such as the one shown in Figure 8.33, is a single-engine turbo-propeller high-wing aircraft used for a variety of tasks. The U.S. Army uses it as an ambulance; some companies use it as a short haul corporate aircraft; and many companies use it to haul air cargo because of its rugged construction and its ability to lift heavy loads.

Even though it can carry a lot of freight, it is possible to overload the Caravan (just as it is possible to overload any aircraft in the world—they all have a maximum takeoff weight). The pilots of the caravan have to ensure that they are able to take off safely and have sufficient fuel to make the journey to their next stop. In this exercise, you will see just what the pilots have to do to ensure that the aircraft can make its journey safely.

[[Insert Figure 8.33 here]]
Since the Caravan must lift the weight of the airframe, the propulsion system, and its fuel into the air, as well as the weight of passengers or cargo, the pilot must be certain that the aircraft does not exceed the maximum takeoff weight.

The following lists the aircraft weight and distance information for a standard cargo Caravan:

Minimum empty weight (without fuel, freight, or passengers, but including all other items needed to fly such as engine oil, avionics, radios, etc.) = 4,570 lbs

Maximum takeoff weight = 8,750 lbs

Maximum landing weight = 8,500 lbs

Maximum fuel capacity = 335.6 gallons of Jet A fuel

Maximum usable fuel = 332 gallons

Maximum payload (the maximum weight of cargo that can be loaded, including the weight of the crew) = 3,980 lbs

Weight of Jet A fuel = 6.5 lbs per gallon

FAA required fuel reserve = enough fuel for 45 minutes cruise speed flying time

Fuel Burn (cruise) = 52 gallons/hour

Airspeed (cruise) = 175 knots

Nautical Mile (Knot) = 1.15 miles

Crew Weight (average for single pilot operation) = 200 lb

· Given the above, what is the maximum weight of cargo that can be carried at takeoff with full tanks?

· In the event of an emergency, how long would an aircraft with the maximum fuel load have to fly to reduce the weight of fuel so that the aircraft was at or just below the safe maximum landing weight?

· Assuming the aircraft’s tanks were filled, what is the maximum range of the aircraft (including the fuel reserve) in miles (not nautical miles)?

· How far could the aircraft travel, at cruise speed, using the 45-minute reserve fuel load?

· How far could the aircraft fly in miles (not nautical miles) if loaded with the maximum payload?

· How far could the aircraft fly carrying a load of 2,000 lbs? Calculate the distance with and without the 45-minute reserve.

[[End Engineering Quick Take here]]
Space

The atmosphere above our heads extends into deep space. At night we can see distant stars and our own moon. Increasingly, we can see other objects that have been placed in orbit in the upper atmosphere that have been launched from Earth. For an object to remain in Earth orbit, it has to be placed in an orbit. Low Earth orbits (LEO) are in the range of 200–1,200 miles. Satellites in LEO will orbit the Earth about every 90 minutes. Most communications, broadcast, and weather satellites need to be placed in geostationary orbits. A geostationary orbit is one in which a satellite moves above the Earth’s equator at a speed matching the Earth’s rotation. These satellites maintain a constant position relative to a point on the globe while orbiting some 22,400 miles above the Earth’s equator (see Figure 8.34).

A number of developed countries have military space programs and place surveillance and other satellites in orbit. Increasingly, space is being commercialized, and a large number of communication companies can exploit the very wide footprint or viewable area of a single satellite placed in Earth orbit. From a single geostationary satellite, it is possible to broadcast a large number of audio or video channels to subscribers on Earth.

[[Insert Figure 8.34 here]]

Humans in Space For a number of years, human space travel was more about testing the technology of near-earth orbits and firing the imagination of those on earth than it was about undertaking serious research or exploration of space. However, it was not long after the first human traveled into space that scientists and astronomers sought access to space to undertake extended research on topics that could not be easily studied on Earth.

The Soviet Union and the United States experimented with space stations in the 1970s and 1980s with the Salyut and Skylab programs. These were single-launch stations that could not be refueled and so had a limited life. The International Space Station (ISS), shown in Figure 8.35, is a research facility built as a collaborative venture between the space agencies of the United States, Russia, Japan, Canada, and the European Space Agency. Unlike earlier space stations, it can be expanded and is easily refueled and re-supplied by robot rockets that automatically dock to the station on a regular basis. The construction of the modular space station started in 1998 and is still progressing.

Commercial Space Travel Until recently, space travel by humans was limited to space agencies. A new development has seen wealthy individuals purchase flights to the ISS; however, access is so limited it cannot be classed as commercial space travel. To date, five such space tourists have visited the space station. The recent sub-orbital flights by Scaled Composites’ SpaceShipOne won the $10 million dollar X-Prize for the first privately developed and manned spacecraft to reach an altitude of over 60 miles twice within fourteen days.

[[Insert Figure 8.35 here]]

The success of SpaceShipOne has spurred interest in a commercial service for space travelers who would like to make the same journey. The Virgin Galactic space tourism company, part of the conglomeration that also owns Virgin Atlantic Airways, is taking bookings from space tourists for flights in 2009, at a price of $200,000 for each brief flight into low Earth orbit space. The new spacecraft will be based on the technology used in SpaceShipOne (Figure 8.36). The first production model of SpaceShipTwo will be named VSS (Virgin space ship) Enterprise prior to commercial launch. SpaceShipTwo and its new carrier aircraft, White Knight 2, will be approximately three times the size of the original craft. SpaceShipTwo is designed to reach an altitude of over 80 miles. Virgin Galactic is already planning the development and launch of an orbital craft, SpaceShipThree and intends to extend its destinations to include travel to the moon.

[[Insert Figure 8.36 here]]

Other Forms of Transport

In conjunction with the most common transportation systems, there are a number of other means of moving goods, materials, and people that are not so easily classified. Such systems often use a combination of transportation technologies in new or innovative ways to achieve their ends.

Pipelines A pipeline is the most economic means of transporting a fluid (a gas or a liquid) from one place to another for an extended period of time. Pipelines can be very small, for local distribution, or they can range up to 48 inches in diameter for interstate distribution. The contiguous forty-eight states are crossed by pipelines carrying fuel and gas. Most are local distribution pipelines for water and natural gas, but many are state-wide or inter-state and carry oil-based fuels and natural gas. The 799-mile-long Trans-Alaska Pipeline System pipeline, which is shown in Figure 8.37, is 48 inches in diameter and runs from Prudhoe Bay (which is located above the Arctic Circle) to Valdez. This pipeline can carry up to two million barrels of crude oil a day.

Air Cushion Vehicles Most people have seen how a sheet of paper, when dropped, can move horizontally over the floor and can sometimes seem to float for a great distance. This floating effect is well known to aircraft engineers. It is used to aid aircraft when landing, when the cushion of air under the aircraft wings allows the aircraft to float downwards more slowly than would otherwise occur at a higher altitude. In the 1960s, a British inventor applied the above principle of generating a controlled cushion of air under a vehicle so it could be lifted off the ground, combined with an aircraft-like propeller system to provide directional propulsion to invent the hovercraft, which is a very versatile air-cushion vehicle (ACV), pictured in Figure 8.38.

[[Insert Figure 8.37 here]]

[[Insert Figure 8.38 here]]

All current hovercraft designs use the same basic principles. The craft is surrounded by a very heavy-duty skirt of material that traps air so the craft will float on the air from the lift fans. Engine-driven fans generate lift by directing air under the craft that is trapped by the flexible skirt, and additional engines driving aircraft-like propellers provide directional propulsion. Although the hovercraft can move easily over smooth water or relatively flat land at high speed (up to 60 mph), it cannot easily move over objects or terrain that exceeds the depth of the flexible skirt, so rough water or very rocky terrain limit its ability to operate.

Local Movement Systems Elevators and escalators have a long history of moving people from one level to another with a minimum of personal effort. Moving walkways are a more recent innovation that allow large numbers of people to be moved horizontally or on a slight incline. The moving walkway offers travelers a convenient means of moving horizontally and at slight inclines or grades over distances of up to half a mile (see Figure 8.39).

[[Insert Figure 8.39 here]]

Human-Powered Vehicles Bicycles and other human-powered vehicles offer the opportunity to travel at much higher speed or with less effort. The bicycle has evolved considerably from the original metal-framed pedal-powered vehicle that was first seen in the mid-1800s (see Figure 8.40). The current Tour De France racing bicycle has a frame of carbon fiber composite construction. The entire bicycle can weigh as little as 5 lbs. The most popular form of bicycle is the mountain bike, which is rugged and capable of being used both on and off the road. The mountain bike is equipped with a wide range of gear ratios that allow the bike to be used both on level terrain, using a high ratio of wheel rotation to pedal rotations, or on steep inclines, using a low wheel-to-pedal ratio.

[[Insert Figure 8.40 here]]
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SECTION TWO FEEDBACK >
1.
What is the largest ship that can use the St. Lawrence Seaway?

2.
What are the benefits of a propulsion pod to a captain of a ship?

3.
Using the Internet, research the journey time for the Acela High Speed Train between Baltimore and Boston, and compare that with scheduled air service between the same cities. Don’t forget to make allowances for travel to and from the airports in both cities.

4.
Why does high-speed train travel offer environmental benefits?

5.
What role does an engine-management system perform in a modern automobile?

6.
What innovative material helps make the Boeing 787 so fuel efficient?

7.
Research the type of satellite that would be placed in a geostationary orbit and those that are placed in low Earth orbit. Provide at least two examples for each orbit pattern.

[[End Section two Feedback > here]]

SECTION 3: Investigating New Technologies

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The design of intelligent and non-intelligent transportation systems depends on many processes and innovative techniques.

· Since worldwide demand for oil is continuing to rise and oil reserves are declining, it is vital that the transportation industry increase the fuel efficiency of all of its vehicles or develop alternate fuels or new technologies to propel the vehicles, vessels, and aircraft of the future.

· The energy balance is the ratio of fossil-fuel energy used to make the fuel (energy input), and the energy in the fuel (energy output). If an alternative fuel has an energy balance of less than one, it is not a viable fuel, since more that one unit of fossil-fuel energy has been used to make one unit of alternate energy.

· Biofuels are fuels derived from renewable biological resources, such as plant material and organic waste products.
· The electric motor employs electric energy to generate mechanical energy in order to propel a vehicle. It is much more efficient than the internal combustion engine at converting energy into mechanical motion.
· The combined effects of increasing demand for transportation services and the environmental impact of the current systems are forcing the United States to reconsider how it can sustain its growth in this sector. The United States faces a diminishing domestic oil supply and a growing domestic demand. At the same time, there is a need to examine the environmental impact of this prodigious appetite for oil. The design of intelligent and non-intelligent transportation systems depends on many processes and innovative techniques.

[[End Key Ideas > Box here]]

[[Insert Figure 8.41 here]]

Oil Dependency

The continued growth of the transportation industry is driving the domestic demand for oil. The transportation sector is one of the largest consumers of oil products in the United States. This usage will continue to rise in the future unless steps are taken to reduce consumption. United States oil production has steadily declined in the last forty years, since oil wells began to run dry. Increasingly, the United States must rely on imported oil to make up the shortfall. Increased oil demand is also seen elsewhere in the world. As can be seen in Figure 8.41, the growth in consumption in China is likely to continue to the point where they will soon be the largest consumer of worldwide oil production.

As the demand for oil is growing, there are a number of studies that show that worldwide oil production is likely to peak in the near future and then begin to decline. Since worldwide demand for oil is continuing to grow and oil reserves are declining, it is vital that the transportation industry increase the fuel efficiency of all of its vehicles or develop alternate fuels or new technologies to propel the vehicles, vessels, and aircraft of the future.

[[Insert Figure 8.42 here]]

Alternate Fuels

What can alternate fuels offer us in the future? If we look towards the production of alternate fuels that can be used with current engine technologies, a number of potential sources can be explored. Large-scale production of agricultural crops that are converted into bioethanol and biodiesel is now underway in many countries across the globe. Small-scale production of gasoline and diesel oil from coal has been seen in the United States and Canada, as well. In the alternate fuel world, not all things are equal. For example, to make ethanol from plants requires energy to carry out the processing steps to produce a usable fuel. The Energy Return on Investment (EROI) is the ratio of the quantity of energy produced compared to the quantity of energy used to make the alternate fuel. If an alternative fuel has an EROI of less than one, it is not a viable fuel since more than one unit of fossil fuel energy has been used to make one unit of alternate energy.

Biofuels Biofuels are derived from renewable biological resources, such as plant material and organic waste products. Corn-based ethanol is an alcohol-based fuel produced by fermenting and distilling crops such as corn, barley, and wheat. In 2008, 12 percent of the U.S. corn production was used to meet 2 percent of the U.S. gasoline need. Although widely promoted as a means of reducing dependence on foreign oil, corn-ethanol is not likely to provide more than a small percentage (less than 10 percent at best) of the gasoline needed in the United States in the future.

Cellulosic ethanol is produced from agricultural plant wastes, sawdust, paper pulp, switchgrass, other “biomass” materials, and even municipal waste. The fact that cellulosic ethanol can be made from such abundant sources of raw materials makes this a very attractive alternative to corn-ethanol. Small-scale plants are in operation to help develop suitable technologies for large scale production of this alternative source of fuel.

Although steps are being taken to increase the efficiency of production, in 2007, corn ethanol was rated with an energy balance of between 1.0–1.5. Sugarcane has a much higher EROI of 6.0–8.0. Why the difference? Sugarcane can be fermented into ethanol directly, while the starch in corn has to be converted into a sugar before it can be fermented, a process that requires energy provided from other sources, including those that use fossil fuels. The high crop density that can be achieved with sugarcane and the very high use of surplus fiber leftovers, such as stalks, are a source of fuel for heating. There are some significant effects from the rise of interest in biofuel production, including the possibility of impacting world hunger and the destruction of the tropical forest (see Figure 8.43). The diversion of large quantities of plant products, particularly corn, from the world’s food market to make biofuel can also have a significant impact in terms of food prices elsewhere. If the production of corn ethanol grows at the current rate, it is very likely to lead to food shortages across the world, particularly in underdeveloped and poor countries.

[[Insert Figure 8.43 here]]

Biodiesel is manufactured by processing oil-rich crops like canola and sunflower seeds, or by refining vegetable oils, animal fats, or recycled restaurant cooking oil combined with diesel fuel in various proportions. Although the energy balance for biodiesel manufactured from canola oil is in the 2.5 range, the quantity of biodiesel that can be produced by growing crops is physically limited by the land available to grow such crops. Research is being undertaken in the production of biodiesel fermented from algae that is sustained with waste energy from power plants. If the process can be developed to commercial production levels, it is hoped that yields of 5,000 gallons of biodiesel per acre could be achieved, which is considerably higher than any other plant-based yield.

The use of alternate fuels in the aviation industry, with its need for a powerful fuel for jet engines, is limited. However, the research into the use of algae to produce biodiesel has spawned some promising developments that might lead to a bio-source for jet fuel.
Compressed Natural Gas Compressed natural gas is gas that is pressurized to about 3,600 pounds per square inch and stored in large tanks. If this fuel technology is further developed, a local distribution pipeline would be needed to deliver the compressed natural gas (CNG) to vehicle filling stations. Currently, filling a vehicle with CNG calls for special precautions and training.

Liquid Petroleum Gas (LPG) Liquid petroleum gas is gas produced by refining oil or processing natural gas and then liquefying it for storage in tanks. It can be distributed by pipelines or by specialized trucks. In the United States, LPG is often known as propane. In certain countries (Australia in particular), vehicle manufacturers have produced dual-use vehicles that can use LPG and gasoline.

Hydrogen There is an increased interest in the use of hydrogen as a fuel: it is abundant, it emits water vapor, and it has the potential to replace oil as the primary fuel for the future. However, although abundant, hydrogen gas is not easily produced. Research is being undertaken to develop lower-cost methods of producing hydrogen, including the use of biomass gasification and the use of a solar-thermal process, where the energy of the Sun is concentrated on water vapor in a solar reactor vessel.

Hydrogen is difficult to store. For this reason, research is being undertaken to improve the quantity that can be carried in a hydrogen-powered vehicle. Hydrogen also needs special fueling equipment, and it takes longer to refuel with hydrogen compared to gasoline. Also, hydrogen lacks the extensive distribution infrastructure that is commonplace for gasoline and diesel fuels. However, if the extensive research being undertaken on developing a viable hydrogen fuel strategy is fruitful, then it is possible that new solutions to the issues of production, storage, and refueling can be developed.
Electric Vehicles

Electricity is a concentrated and powerful form of energy, and it can deliver more power in a smaller volume than similar mechanical systems, as shown in Figure 8.44. This very efficient energy form is being used in automobiles to power a wider range of accessories and systems than ever before. The electric motor utilizes electric energy to generate mechanical energy to propel a vehicle, and it is much more efficient than the internal combustion engine at converting energy into mechanical motion.

[[Insert Figure 8.44 here]]

Battery-Powered Electric Vehicle (BEV) Battery-powered electric vehicles (see Figure 8.45) need to be plugged in to an external power source to recharge. BEVs were very popular in the early 1900s, as they proved to be easier to drive and maintain than the internal-combustion engine cars of the day. Improvements in the reliability of gas powered cars, as well as the development of electric starters, led to the eventual decline of these early electric vehicles. Today’s plug-in battery-powered electric vehicles use energy stored in rechargeable battery packs to power highly efficient electric traction motors. They also use regenerative braking. In this type of braking system, the kinetic or motion energy of the vehicle is used to drive the electric motor to recharge the batteries and at the same time to slow the vehicle. The cost of operating an electric vehicle is about 3¢ per mile, compared to 12¢ per mile for a gasoline-powered car. The distance a BEV can travel on one charge is dependent upon the type of battery used. Some current models can achieve up to 200 miles on one charge.

Hybrid Technology Hybrid electric motive power is not new; it uses the same technology used in modern cruise ships and diesel locomotives. In a hybrid electric vehicle (see Figure 8.46), an internal combustion engine drives a generator, and the power from the generator is used to drive traction motors. Hybrid electric vehicles offer the benefits of more efficient electric traction without the range limitations of battery-powered electric vehicles. Hybrids often combine electric motors with a means of generating electrical power using a conventional gasoline or diesel engine.

[[Insert Figure 8.45 here]]

[[Insert Figure 8.46 here]]

There is a wide range of ways that such technologies can be combined, so hybrid vehicles fall into a number of sub-classifications.

· Series Hybrid Technology—The series hybrid electric vehicle exclusively uses traction motors for driving its wheels. The series hybrid stores electric energy in batteries and uses it to power its traction motors. The traction motor can receive power either from the batteries or from a combination of batteries and an onboard generator powered by an internal-combustion engine. The batteries are recharged by the engine-driven generator or from regenerative braking.

· Parallel Hybrid Technology—In the parallel hybrid, both the electric-traction motor and the internal-combustion engine can drive the wheels.

· Hybrid Vehicles—A full hybrid can be set in motion from a complete stop using stored battery power driving the traction motor. This ability to undertake an electric launch without having to use the gasoline or diesel engine, even if only for a short while, distinguishes a full hybrid from a mild hybrid.

· Mild Hybrid—In a mild hybrid, the vehicle cannot operate using batteries alone. The internal combustion engine needs to operate at times the vehicle is moving. The system does use regenerative braking, and adds features such as automatic engine stop-start when at a stop.

· Power Hybrid—A power hybrid has all of the features of a mild hybrid, with the exception that it is often equipped with a high horsepower internal-combustion engine.

· Series-Parallel Hybrids—In series-parallel hybrids, both the engine and traction motor can provide power to the wheels, but, in addition, the engine can be operated independently of the drive train to drive the generator.

· Plug-in Hybrid Vehicle (PHEV) The plug-in hybrid electric vehicle (see Figure 8.47), with its ability to store charge in more efficient batteries, combined with the ability to charge the batteries at home from a 110v outlet, offers the driver the ability to travel to and from work without using the engine at all. For longer journeys, the engine would then operate to charge the batteries or to provide supplementary traction when needed.
· Fuel Cell Electric Vehicle (FCEV) Fuel cell electric vehicles (FCEV) are powered by electricity and use electric traction (see Figure 8.48). Unlike hybrid vehicles, they create their electrical power by the use of fuel cells. Fuel cells create electricity by a chemical process that uses hydrogen and oxygen. The hydrogen gas is stored onboard the vehicle in high-pressure tanks and the oxygen needed is obtained from the air. This technology offers a significant opportunity to reduce pollution and emissions.

[[Insert Figure 8.47 here]]

[[Insert Figure 8.48 here]]

TECHNOLOGY IN THE REAL WORLD:
Hydrogen and the Car of Tomorrow

Honda recently released hydrogen-powered FCX Clarity in California for drivers who want to lease the car for a three-year period. The FCX Clarity uses fuel-cell technology where the hydrogen is converted into electricity to power the traction motors.

The FCX Clarity uses a number of other energy saving techniques such as regen-
erative braking. The car is said to be twice as efficient as the current generation of full hybrid vehicles, and four times as efficient as a comparable gasoline-powered car.

The performance of the FCX Clarity is comparable to a car with 2.4 liter engine, and develops 134 BHP and 189 ft/lbs of torque. This compares well to the Honda Accord, with its 2.4 liter inline four engine developing 177 BHP and 161 ft/lbs of torque. The fuel consumption is listed as equivalent to 68 miles per gallon. The high-pressure hydrogen tank will hold enough hydrogen to travel 270 miles on a single tank.

Currently, leasing the FCX Clarity is restricted to a select few who live near the hydrogen refueling stations in California (there are three so far, in Torrance, Santa Monica, and Irvine). It is anticipated that as more hydrogen-powered cars take to the roads, the number of hydrogen refueling stations will grow.

In the meantime, in an attempt to limit the impact of the current limited number of hydrogen refueling stations and to develop an alternative approach to producing hydrogen, Honda has partnered with a U.S. technology company, PlugPower Inc., to produce a home energy station that uses a fuel cell system that converts natural gas into hydrogen, which, in turn, can be used to fuel a hydrogen-powered car. The unit also serves as a source of heat and electricity for residential use. This innovative system would ensure that the owner of the FCX Clarity could refuel the car overnight from the home-heating system.

[[Start Section three Feedback > here]]

SECTION THREE FEEDBACK >
1.
Why is the United States so dependent on foreign oil? Investigate the various factors that have led the country to the point that it is dependent on foreign oil.

2.
As a country, the United States is a very large consumer of energy. Are there any actions that we as individuals can take to reduce the consumption of energy in the United States?

3.
Describe the concept of energy balance as it relates to alternate energy.

4.
Using the Internet, examine the effect on our world food supply of using a large percentage of the U.S. corn crop for the production of ethanol.

5.
What are the benefits of cellulosic-ethanol and algae-based biodiesel? Using the Internet, research these technologies and produce a paper predicting when they will have an impact on the need to find economic alternate-energy sources.

6.
Why should we look to electric motors for powering our road vehicles in the future?

[[End Section three Feedback > here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Airline Pilot

Pilots are highly trained professionals who fly either fixed-wing airplanes or helicopters to carry out a wide variety of tasks. Most are airline pilots, copilots, and flight engineers who transport passengers and cargo. One out of five pilots, however, is a commercial pilot involved in tasks such as crop dusting, spreading seed for reforestation, testing aircraft, flying passengers and cargo to areas not served by regular airlines, directing firefighting efforts, tracking criminals, monitoring traffic, or rescuing injured persons.

Significant Points

· Pilots usually start with smaller commuter and regional airlines to acquire the experience needed to qualify for higher-paying jobs with national or major airlines.

· Many pilots have learned to fly in the military, but growing numbers have college degrees with flight training from civilian flying schools that are certified by the Federal Aviation Administration (FAA).
· Earnings of airline pilots are among the highest in the nation.

Nature of the Industry

Except on small aircraft, two pilots usually make up the cockpit crew. Generally, the most experienced pilot, the captain, is in command and supervises all other crew members. The pilot and the copilot (also known as the first officer) share flying and other duties, such as communicating with air traffic controllers and monitoring the instruments.

Before departure, pilots must plan their flights carefully. They thoroughly check their aircraft to make sure that the engines, controls, instruments, and other systems are functioning properly. They also make sure that baggage or cargo has been loaded correctly. They discuss their flight plans with flight dispatchers and aviation weather forecasters to find out about weather conditions en route and at their destination. Based on this information, they choose a route, altitude, and speed that will provide the safest, most economical, and smoothest flight. When flying under instrument flight rules—procedures governing the operation of the aircraft when there is poor visibility—the pilot normally files an instrument flight plan with air traffic control so that the flight can be coordinated with other air traffic.

Takeoff and landing are the most difficult parts of the flight and require close coordination between the pilot and first officer. For example, as the plane accelerates for takeoff, the pilot concentrates on the runway, while the first officer scans the instrument panel. To calculate the speed they must attain to become airborne, pilots consider airport altitude, outside temperature, airplane weight, and wind speed and direction.

Unless the weather is bad, the flight itself is usually relatively routine. Pilots, with the assistance of the autopilot and the flight management computer, steer the plane along their planned route, monitored by the air traffic control stations they pass along the way. Pilots regularly scan the instrument panel to check fuel supply; engine condition; and the air-conditioning, hydraulic, and other systems. In contrast, because helicopters are used for short trips at relatively low altitude, helicopter pilots must be constantly on the lookout for trees, bridges, power lines, transmission towers, and other dangerous obstacles. Regardless of the type of aircraft, all pilots must monitor warning devices designed to help detect sudden shifts in wind conditions that can cause crashes.

Pilots must rely completely on their instruments when visibility is poor. On the basis of altimeter readings, they know how high above ground they are and whether they can fly safely over mountains and other obstacles. Special navigation radios give pilots precise information that, with the help of special maps, tells them their exact position. Other sophisticated equipment provides directions to a point just above the end of a runway and enables pilots to land entirely independent of an outside visual reference. Once on the ground, pilots must complete records about flights and aircraft maintenance status for their company and for the FAA.

Education and Training

Although some small airlines hire high school graduates, most airlines require at least two years of college and prefer to hire college graduates. In fact, most entrants to this occupation have a college degree. Because the number of college-educated applicants continues to increase, many employers are making a college degree an educational requirement. For example, test pilots often are required to have an engineering degree.

Pilots also need flight experience to qualify for a license. Initial training for airline pilots typically includes a week of company indoctrination; three to six weeks of ground school and simulator training; and twenty-five hours of initial operating experience, including a check-ride with an FAA aviation safety inspector. Once trained, pilots are required to attend recurrent training and simulator checks once or twice a year throughout their careers.

All pilots who are paid to transport passengers or cargo must have a commercial pilot’s license with an instrument rating issued by the FAA. Helicopter pilots also must hold a commercial pilot’s license with a helicopter rating. Airline pilots must fulfill additional requirements. Captains must have an airline transport pilot’s license. Applicants for this license must be at least twenty-three years old and have a minimum of 1,500 hours of flying experience, including night and instrument flying, and they must pass FAA written and flight examinations. Usually, they also have one or more advanced ratings, depending upon the requirements of their particular job. Because pilots must be able to make quick decisions and accurate judgments under pressure, many airline companies reject applicants who do not pass required psychological and aptitude tests. All licenses are valid so long as a pilot can pass the periodic physical and eye examinations and tests of flying skills required by the FAA and company regulations.

Working Conditions

Because of FAA regulations, airline pilots flying large aircraft cannot fly more than 100 hours a month or more than 1,000 hours a year. Most airline pilots fly an average of 75 hours a month and work an additional 75 hours a month performing nonflying duties. Most pilots have a variable work schedule, working several days on, then several days off. Most spend a considerable amount of time away from home because the majority of flights involve overnight layovers. When pilots are away from home, the airlines provide hotel accommodations, transportation between the hotel and airport, and an allowance for meals and other expenses.

Commercial pilots also may have irregular schedules, flying thirty hours one month, ninety hours the next. Because these pilots frequently have many nonflying responsibilities, they have much less free time than do airline pilots. Except for corporate flight department pilots, most commercial pilots do not remain away from home overnight; however, they may work odd hours.

Commercial pilots face other types of job hazards. The work of test pilots, who check the flight performance of new and experimental planes, can be dangerous. Pilots who are crop-dusters may be exposed to toxic chemicals and seldom have the benefit of a regular landing strip. Helicopter pilots involved in rescue and police work often have to undertake hazardous flights in dangerous conditions. Although flying does not involve much physical effort, the mental stress of being responsible for a safe flight, regardless of the weather, can be tiring. Pilots must be alert and quick to react if something goes wrong, particularly during takeoff and landing.

Earnings

Earnings of aircraft pilots and flight engineers vary greatly depending on whether they work as airline or commercial pilots. Earnings of airline pilots are among the highest in the nation and depend on factors such as the type, size, and maximum speed of the plane and the number of hours and miles flown. For example, pilots who fly jet aircraft usually earn higher salaries than do pilots who fly turboprops. Airline pilots and flight engineers may earn extra pay for night and international flights. In May 2004, median annual earnings of airline pilots, copilots, and flight engineers were $129,250. Median annual earnings of commercial pilots were $53,870 in May 2004.

Airline pilots usually are eligible for life and health insurance plans. They also earn retirement benefits, and, if they fail the FAA physical examination at some point in their careers, they will receive disability payments. In addition, pilots receive a daily expense allowance, or “per diem,” for every hour they are away from home. As an additional benefit, pilots and their immediate families usually are entitled to free or reduced-fare transportation on their own and other airlines.

Job Outlook

Job opportunities are expected to continue to improve with regard to regional airlines and low-cost carriers, which are growing faster than job opportunities with major airlines. Opportunities with air cargo carriers also should rise because of increasing security requirements for shipping freight on passenger airlines, growth in electronic commerce, and increased demand for global freight. Business, corporate, and on-demand air-taxi travel should also provide some new jobs for pilots.

Pilots attempting to join major airlines will face strong competition, as those firms tend to attract many more applicants than the number of job openings. Applicants also will have to compete with laid-off pilots for any available jobs. Pilots who have logged the greatest number of flying hours using sophisticated equipment typically have the best prospects. For this reason, military pilots often have an advantage over other applicants.

In the long run, demand for air travel is expected to grow along with the population and the economy. In the short run, however, employment opportunities of pilots generally are sensitive to cyclical swings in the economy. During recessions, when a decline in the demand for air travel forces airlines to curtail the number of flights, airlines may temporarily furlough some pilots.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, visited June 25, 2008, http://www.bls.gov/oco/]

Summary >

The transportation sector is always evolving, often in response to the impact of new technologies or new demands from customers. Increasingly, it responds to major external factors, such as the increasing scarcity of oil—combined with its increasing cost—and the significant environmental impact of the industry. The modern transportation industry faces significant challenges, and it is likely that scientists and technologists will be developing a wide range of new and innovative systems to meet the needs of shippers and travelers for some time to come.

Although science and industry can do much to meet future transportation needs, it is likely that users of transportation services will also have to make significant adjustments. People must be willing to change how they live, produce goods, work, and travel to ensure that transportation becomes fully cost efficient and environmentally friendly.

FEEDBACK
1.
Identify the major modes of the current transportation system. In addition, list the major benefits and limitations of each system in terms of its role in the transportation system.

2.
Within the United States it is suggested that water-based transportation might have a role in regional distribution of movement of freight products, such as oil. Research the Atlantic Intercoastal Waterway, and explain how such a resource might distribute freight more economically than road transport. Also, explain the limitations of the current waterway.

3.
Research the largest cruise liner currently in use. List the key features of the vessel, including number of cabins, maximum number of passengers, number of crew, tonnage, maximum speed, and type of main engines and propulsion system.

4.
Over a four-week period, graph the fuel consumption of your primary vehicle (if you do not have a vehicle that you can use, chart the primary vehicle used by your family or a friend). The chart must show fuel purchased, cost per gallon, and the odometer reading at the point of each fill. Calculate the miles per gallon and the cost per mile for each fill. Try to start your chart with the tank as close to empty as possible.

5.
Research driving methods and vehicle operation techniques that could be used to improve your fuel consumption. List the benefits and drawbacks for each method.

6.
Research the variations in the price of a gallon of regular unleaded gasoline for the last ten years. Show your findings in a graph, and explain your findings fully.

7.
Ultra-low sulfur diesel fuel is increasingly being used throughout the world. After consulting the Internet, explain why it is important that such fuels are used in terms of reducing pollution and improving cardiovascular health.

8.
The Acela high-speed train connects the busy northeast corridor of cities: Research where other high-speed train systems might be used in the United States. In your research, list the cities, the population of each city, the relative distances between the cities, and, if you are able to do so, list the number of air passengers traveling between your selected cities each year.

9.
There is a renewed interest in traveling to outer space, in general, and to the Moon, in particular. Research internet sites, including NASA, to determine how the lunar landing program is developing. Include in your research detailed information on the launch vehicles, the lunar-based facilities, and the long-term goal of such an exploration program.

DESIGN CHALLENGE 1:
Building a Battery-Powered Electric Vehicle

· Problem Situation

Transportation of people and goods is essential for business, commerce, and leisure sectors to continue to be viable. Fossil fuel is a finite resource. The use of renewable or alternate energy sources is vital to our economy’s future. The Sun is a vast source of energy that powers life on earth. It is now possible to harness that energy in ways that allow it be used to power vehicles. Solar cells can be used to collect energy from the Sun. That energy can then be turned into electrical power that can be used to charge batteries or power traction motors. Since solar power alone is not a viable energy source for operational road vehicles (just imagine what would happen after sundown), we must look to the development of a Plug-In Electric Vehicle model, using a stationary charging station coupled with a battery-powered electric vehicle.
· Your Challenge

As a team, you are to design and build a rechargeable-battery–powered electric vehicle that can carry a load of 1 lb. for a distance of thirty feet and can climb an incline of 1:50 that measures six feet in length as part of the thirty-foot distance. The vehicle must use rechargeable cells that are charged using a solar recharging station designed by the team. Using your Student Activity Guide, state the design challenge in your own words.

· Safety Considerations

1.
Only use tools and machines after you have had proper instruction.

2.
Wear eye protection at all times. Be particularly careful about using cutting tools, spraying paint, and applying finishes.
3.
Make sure that all machines are used with all guards in place.

4.
Be careful with electrical and electronic devices. Make connections first, and then turn on power. Take care to ensure there are no short circuits.
5.
If using a power supply, be sure that the combination of battery chargers, batteries, and other devices that are connected to a power supply do not exceed the current capacity of the supply.
· Materials Needed

1.
One 1.5v solar cell panel (250 ma minimum)

2.
One small high-efficiency low-voltage electric motor (4.5–6.0v)

3.
Two 4-cell battery holders (one for the vehicle and one for the charging station)

4.
Four rechargeable AA-type cells

5.
One pack of small assorted pulleys

6.
One set of axles and wheels to suit vehicle

7.
Insulated wire

You can also use other construction materials as needed to construct the chassis, steering system, and component retaining items.

· Clarify the Design Specifications and Constraints

To solve the problem, your team must design a rechargeable, battery-pack–powered vehicle. You can use up to four 1.5v rechargeable battery cells on the vehicle. The solar panel must be used to charge the rechargeable batteries. The duration of the charging period must be sufficient to fully charge the batteries. The chassis can be designed using any suitable materials and must have the ability to be steered. The steering can be fixed in place when undertaking the challenge. The transmission system can be designed using any suitable materials, including the assorted pulley pack.
· Research and Investigate

To complete this design challenge, you need to gather information on solar cells and how they can be used to charge rechargeable batteries. You will need to look at how cells can be connected to provide the voltage for a small electric motor. To ensure that the motor is able to power the vehicle, you will have to investigate a pulley-based transmission system since the motor produces most of its power and torque (turning force) at high RPM (revolutions per minute). Your vehicle will also need some form of steering, which must be adjustable before each run.

You will find a series of Knowledge and Skill Builder exercises in the Student Activity Guide that will help you in this endeavor.

· Generate Alternate Designs

In the Student Activity Guide, describe two or more possible solutions that might be used to meet the solar-car challenge. Discuss the decisions that you made.

· Choose and Justify the Optimal Solution

In the Student Activity Guide, explain why you selected the particular rechargeable car design solution, and why it is the best choice among the alternate designs. In any technological activity, you will use seven resources: people, capital, time, information, energy, materials, and tools and machines. In your guide, indicate which resources were most important in this activity, and how you made tradeoffs between them.

· Display your prototype

To test your ideas and designs, you can experiment with the solar-panel recharging station design, as well as with the electric motor, power system and transmission, prior to mounting the various systems in a vehicle. From your tests, you can modify your chosen designs. Include descriptions and either photographs or drawings in the Student Activity Guide.

· Test and Evaluate

How will you test and evaluate your final design? In the Student Activity Guide, describe the testing procedures you will use. Indicate how the results will show how your rechargeable car design solves the problem and meets the specifications and constraints.

· Redesign the Solution

Respond to the questions in the Student Activity Guide about how you would redesign your rechargeable car solution, based upon the knowledge gained from the testing and evaluation process.

· Communicate Your Achievements

In the Student Activity Guide, describe the plan you will use to present your rechargeable car solution to the class. Show what handouts and/or PowerPoint slides you will use.

DESIGN CHALLENGE 2:
Designing a Hovercraft

· Problem Situation

Sometimes it is essential to be able to traverse a variety of terrains. When a search-and-rescue team needs to reach swampland or when communities are partially flooded, having a means of transport that can cross land, water, swamp, and paved roads can be lifesaving. The air cushion vehicle, often known as a hovercraft, is a very adaptable means of transport, and it is unique in its ability to travel over a wide variety of terrains. However, the hovercraft does present some real challenges to its designers: It looks like a land vehicle, but it must be able to cross water. The propulsion and control system look like they have come from an aircraft.

· Your Challenge

As a team, you are to design and build a hovercraft that can transport a driver and a supply load across a smooth surface. The total load must equal 150 lbs. The vehicle must be able to hover, plus move in any direction as controlled by the driver. The vehicle must be able to maneuver around the course, using parking lot cones as per the diagram in the Student Activity Guide. There is no time limit, but if this is a team activity, then time to complete the course could become a factor in determining success. Using your Student Activity Guide, state the design challenge in your own words.

· Safety Considerations

1.
Only use tools and machines after you have had proper instruction.

2.
Wear eye protection at all times. Be particularly careful about using cutting tools, spraying paint, and applying finishes.
3.
Make sure that all machines are used with all guards in place.

4.
If you are handling large sections of plywood, ensure that you wear gloves. Get assistance with maneuvering large boards.

5.
Be careful with all electrical connections. Make connections first, and then turn on power.
6.
If you are using your hovercraft outside of the classroom or workshop area, ensure that every precaution is taken to avoid water. The electrical cables must not contact any wet surfaces, puddles, etc.

7.
All electrical connections must be made using a Ground Fault Circuit Interrupt (GFCI) protected power strip.

· Materials Needed

1.
One sheet of 8 foot by 4 foot by ½” plywood sheet
2.
Five lengths of 8 foot by 6 inch by 1 inch pine board

3.
Two electric leaf blower unit

4.
One large sheet of 20 mil (or thicker) plastic tarpaulin or plastic sheet.

5.
One 4-outlet Ground Fault Circuit Interrupt Protection (GFCI) power strip with ON OFF control

6.
One hairdryer with cold air setting or small workshop vacuum with a blower outlet for prototype development
You can also use other construction materials as needed.

· Clarify the Design Specifications and Constraints

To solve the problem, your hovercraft must use some form of air cushion, but the design of the cushion and how the cushion is secured is left open for the design team. The wood-panel chassis size can be varied a little, but the overall shape should remain roughly circular.
The hovercraft must be steerable. The propulsion is likely to be provided by one of the leaf blowers. The team must design a steering system that will direct the energy from the leaf blower propulsion motor. The steering system can use moveable rudders controlled using a joy stick, or a pivoting system that rotates the leaf blower mounting assembly.

The team might look at experimenting with control systems that allow for the hovercraft to be slowed as it moves forward. Don’t forget, hovercrafts do not have brakes, so be sure to ask yourselves, “How do they stop?”

The lift is likely to be provided by a leaf-blower unit. This can be mounted where convenient to the driver. The driver must be able to turn off the lift motor quickly in the event of an emergency: Removal of lift will bring the hovercraft to a swift and controllable halt very quickly.

In the event that a load is needed to make up weight, it can comprise canned goods or similar items. The load can be stored anywhere on the hovercraft in such a way that it does not interfere with the steering or operation of the craft and does not upset the balance of the craft.

All electrical connectors MUST be fed through a ground-fault, circuit-interrupt–protected power strip. The power strip MUST be mounted within easy reach of the driver so the entire hovercraft can be quickly shut down in the event of driver difficulty. A minimum of three people should be monitoring the power cords being used to provide power from the wall outlet to the moving hovercraft. The person observing the wall outlet should be prepared to disconnect the power in the event of difficulties.

· Research and Investigate

To better complete the design challenge, you need to gather information on how a hovercraft works, as well as on how the skirt materials can be best fixed to the body, in order to design a solution. You will find a series of Knowledge and Skill Builder exercises in the Student Activity Guide that will help you in this endeavor.

· Generate Alternative Designs

In the Student Activity Guide, describe two or more possible solutions to the design of the hovercraft.

· Choose and Justify the Optimal Solution

Using the Student Activity Guide, explain why you selected the solution you did, and why it is the best choice. In any technological activity, you will use seven resources: people, capital, time, information, energy, materials, and tools and machines. In your guide, indicate which resources were most important in this activity, and how you made tradeoffs between them.

· Display your prototype

The design of the hovercraft skirt is critical to the development of a successful hovercraft. Using a 10”–12”-diameter wooden disk with a hole cut in the base, it will be possible to design and test a variety of skirt designs. A hairdryer set to blow cold air can be used as the source of the air blowing into the hovercraft base. From your tests, you can modify your chosen design in the Student Activity Guide.

Design Challenge 2

· Test and Evaluate

How will you test and evaluate your final design? In the Student Activity Guide, describe the testing procedures you will use. Indicate how the results will show that the design solves the problem and meets the specifications and constraints.

· Redesign the Solution

Respond to the questions in the Student Activity Guide about how you would redesign your hovercraft and what further improvements could be made, based upon the knowledge gained from the testing and evaluation process.

· Communicate Your Achievements

In the Student Activity Guide, describe the plan you will use to present your completed hovercraft design solution to the class, as well as the improvements that you would make in the future. Show what handouts and/or PowerPoint slides you will use.

Numbered Figure

Figure 8.1|The transportation system is made up of the vehicles and infrastructure that move people and goods around the world.

Figure 8.2|Oxcarts, such as this one carrying a farmer in India, are still used in developing countries around the world.

Figure 8.3|The Bridgewater Canal in northwest England served as a commercial waterway until the 1870’s.
Figure 8.4|This steam locomotive is still running at the Steamtown National Historic Site in Scranton, Pennsylvania.
Figure 8.5|Using the Internet, travelers can book trips via the computerized reservation systems of airlines, cruise lines, and car rental agencies.

Figure 8.6|Shipping containers like the ones shown here can be loaded with freight at a factory, shipped by track or rail to a port, and then lifted into a ship’s hold.

Figure 8.7|Malcom McLean’s vision created an industry comprising thousands of container ships, carrying hundreds of thousands of tons of freight between ports throughout the world that are equipped to move standard containers easily from ship to railcar or truck.

Figure 8.8|This pie chart, created by the United States Environmental Protection Agency (EPA) shows the various factors contributing to U.S. greenhouse gas emissions in the year 2000. The transportation system accounted for 
27 percent of all greenhouse gas emissions in the United States.
Figure 8.9|As of 2004, the United States was the world’s largest producer of carbon dioxide emissions from automobiles.

Figure 8.10|This pie chart shows the percentages of different types of ships in use today around the world. Cargo ships are the most common, followed by tankers.

Figure 8.11|Here you can see how container ships have increased in size since 1956. One TEU (twenty-foot equivalent unit) is roughly equal to the capacity of one twenty-foot long shipping container. First generation ships could carry 500 to 800 TEUs. Modern ships can carry up to 8,000 TEUs.
Figure 8.12|The Queen Mary 2 is a liner designed to cross the oceans safely at speed, but it is also designed to be able to function as a cruise ship when needed.

Figure 8.13|This amphibious assault ship plays a vital role in the U.S. Navy.

Figure 8.14|Personal watercraft are popular and relatively low cost vehicles. They are designed to carry one to three people.

Figure 8.15|This ship’s screw propeller is easy to see as the ship sits in dry dock.

Figure 8.16|Propulsion pods each have a motor attached to the screw propeller. Pods are usually used on a ship in groups of two or four.

Figure 8.17|Sail-assisted propulsion systems can be fitted to conventional ships to reduce fuel consumption.

Figure 8.18|A personal watercraft uses a water-jet propulsion system. The system shown employs a pressurized jet of water to propel and steer the vessel.

Figure 8.19|The Japanese Shinkansen system extends for some 1,500 miles. These “bullet trains” average speeds of 200 mph.

Figure 8.20|This Minneapolis Light Rail train crosses many intersections on its route.

Figure 8.21|Cardo Maximus, the main Roman road in Jerash, Jordan, is still paved with its original stones.

Figure 8.22|This graph shows automobile production activity in the United States, Japan, and Germany from 1950 through 2006. The y-axis shows the number of automobiles expressed in millions.

Figure 8.23|Construction of the United States interstate system of limited-access highways started in the 1950s.

Figure 8.24|Cities such as London that use road pricing systems hope to cut down on traffic in congested areas during peak traffic times.

Figure 8.25|The Smart Car started as an idea from the founder of the Swiss watch manufacturer, Swatch, who worked with Daimler-Benz to develop the car for production.

Figure 8.26|This figure shows the standard interstate configurations for freight trucks.

Figure 8.27|This Los Angeles city bus is powered by compressed natural gas. The bus, featuring sixty seats and three doors, is part of the city’s high-capacity vehicle program. Compressed natural gas produces fewer emissions than diesel.

Figure 8.28|Air transportation of people and goods has been growing rapidly since the 1970s, with slowdowns occurring during economic recessions and geopolitical instability.

Figure 8.29|The Cirrus range of modern two- and four-seat general aviation aircraft are built using composites and modern avionics.

Figure 8.30|This graph shows the changes in average cruise speeds in the commercial aviation industry from 1930 to 2010.

Figure 8.31|The light but very powerful turbo-jet engine changed the face of commercial aviation.

Figure 8.32|The turbojet engine evolved over time into the more efficient and much quieter high bypass turbofan.

Figure 8.33|The Cessna Caravan is a turbine-powered aircraft that is often used to move freight from smaller airports to major freight hubs.

Figure 8.34|The GOES-10 (Geostationary Operational Environmental Satellite) is in orbit above the Earth’s equator. Its position and movement allow it to detect natural hazards, such as severe storms, floods, drought, landslides, volcanic ash clouds, and wildfires.

Figure 8.35|The International Space Station is in a low-Earth orbit at an altitude of approximately 210 miles above the Earth.

Figure 8.36|SpaceShipOne was carried underneath the fuselage of its launch plane, White Knight, to an altitude of 50,000 ft. and then released. It then fired its own rockets to reach an altitude of over 350,000 ft. (70 miles above the Earth).

Figure 8.37|Pipelines are very expensive to build and require constant maintenance to ensure that they do not deteriorate over time.

Figure 8.38|A hovercraft is a type of air-cushion vehicle (ACV). It travels on a controlled cushion of air that allows it to travel over water and a wide variety of terrain.

Figure 8.39|Moving walkways are usually found within large buildings such as airports, malls, or convention centers, where people need to move over significant distances at a safe speed. They use rotating belts running over rollers or glide ways to move people at walking speed (2–3 mph).

Figure 8.40|The commuter or traveler who wants the convenience of a bike without the inconvenience of a full-sized one can make use of the folding bicycle.

Figure 8.41|This chart shows the growth in oil consumption for the years 1965 to 2000 in several parts of the world. Note China’s relatively large increase in oil consumption.

Figure 8.42|This graph shows the energy balance or EROI (Energy Return on Investment) for various forms of energy. The EROI for an energy source is a ratio consisting of the amount of energy obtained from that source to the amount of energy expended to obtain it.
Figure 8.43|The deforestation in Brazil—and other countries that seek to create agricultural land for growing crops to be used in the production of biofuels—is leading to the loss of swathes of natural vegetation that had previously served to remove large quantities of carbon dioxide from the atmosphere.

Figure 8.44|This graph shows that most of the energy used by an internal combustion engine is lost as heat and other inefficiencies, leaving only 15 percent of the energy left to power a vehicle. By contrast, 80 percent of the energy produced by an electric motor is available to power a vehicle.

Figure 8.45|A modern, plug-in battery-powered electric vehicle uses energy stored in rechargeable battery packs. Regenerative braking captures the vehicle’s kinetic energy to recharge the batteries and slow the vehicle at the same time.

Figure 8.46|An electric vehicle includes an internal combustion engine that drives a generator; the generator, in turn, is used to drive traction motors.

Figure 8.47|A plug-in hybrid vehicle combines the benefits of a plug-in battery-powered vehicle with the ability to use the engine to recharge batteries on the road.

Figure 8.48|Fuel cell electric vehicles are powered by fuel cells, which create electricity via a chemical process.
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