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The Boeing Company had 1994 sales of $21.9 billion and net earnings of $856 million, a giant company by any measure. The largest business of this Seattle, Washington‑based firm is in commercial aircraft, with 1994 sales of $16.9 billion. The company is the single largest exporter in the United States and the number one commercial aircraft producer in the world with 55 to 60 percent of the world market since the 1970s. Since its introduction in 1966, the Boeing 747 had been, the company's cash cow. Boeing made an operating profit of around $30 million per 747 for years, Boeing currently has sole possession of the long‑range widebody jet airliner market with its 747‑400 that seats 420 passengers and sells for $150 million. The 747‑400 is no longer Boeing's most profitable aircraft (the distinction currently belongs to Boeing's 218‑seat $100 million 767‑300 long‑range twin). But large planes are still big business. The company is now entering the mid‑ to long‑range twin-engine widebody market just after European competitor Airbus Industrie opened the market in late 1994. Boeing is also coming under new leadership with 53‑year‑old Philip M. Condit as president. Condit is expected to succeed Frank Shrontz first as chief executive and then as chairman by the time Shrontz retires in 1997.

Despite Boeing's enviable position, the company is facing serious problems. First, its 1994 sales represent a drop of $3.5 billion from 1993, a reduction of 13.8 percent, while company earnings fell by 31 percent from $1.244 billion in 1993. Commercial jet transport deliveries fell to only 270 in 1994 versus 330 in 1993. The company projects deliveries to be only 230 for 1995 despite the introduction of a new commercial line (the 777). In March 1995, Boeing offered retirement incentives to about 13,000 workers as part of its announce plan to cut its work force to 110,000 by the end of 1995, down from 166,000 at its height in 1989.

Second, Boeing is facing a very serious challenge to its world domination of the commercial airline market, primarily from Airbus Industrie. In 1985, when Airbus had 15 percent of the world commercial aircraft market, its management announced a goal of 33 percent, a target it reached in 1994. Amazingly, Airbus accomplished this without any offerings in the large two and four‑engine widebody niche, a situation the company is correcting rapidly. Airbus's new A330 widebody twinjet plane went into service in November 1994, giving it a six‑month head start over Boeing's competing 777 family (described in detail below). In late 1994 Airbus announced a new four‑engine double‑decker plane, the A3XX, priced at about $200 million. This plane will carry 570 passengers (in a three‑class configuration) up to 8400 miles, with operating costs projected to be 20 percent lower than Boeing's competing 747‑400. Airbus estimates that it will sell 1000 A3XX aircraft within 20 years and also estimates development cost to be about $8 billion. Industry analysts suggest development will probably cost at least $10 billion and could easily reach $15 billion. The major question facing Airbus is whether it can raise the money needed to develop the A3XX. Airbus is owned by several European governments that have traditionally financed Airbus development projects. However, a recent international agreement now limits all government subsidies for large civilian aircraft development. In 1994, Jean Pierson, head of Airbus, announced a new goal of 50 percent of the world market in less than a decade, and with its record, few analysts doubt its resolve or the seriousness of this threat to Boeing.

Boeing does face two other challengers also. McDonnell Douglas has recently begun supplying its new tri‑engine widebody MD‑11 1 aircraft, designed to compete in the less‑than‑four‑engine widebody market, although sales of this aircraft are badly lagging. In addition, Japanese companies are closely watching the market, ready to jump in if they see Boeing or Airbus weakening. The Japanese have targeted the commercial airline market as one of the industries they want to penetrate.

Third, the market for new commercial aircraft is softening. The main reasons are half a decade of large airline industry losses and major price wars. Boeing's main competition may actually be its own old aircraft that are still in use. Previously, airlines commonly replaced 20‑year‑old aircraft. Their replacement timetables ordinarily would be swelling orders for aircraft to be delivered in the late 1990s. Boeing CEO Frank Shrontz believes that the "Replacement business means the difference between slow growth and the strong sales needed to finance future models." However, the cost of new planes has risen so dramatically that airlines are often choosing to refurbish older ones to make them last longer, rather than placing orders for new aircraft.

Fourth, Boeing's aircraft manufacturing process has been labeled as 11 shockingly primitive, cumbersome, and slow" by Fortune magazine, which also described what it views as a "mulish resistance to change" by veteran production managers. Boeing is also faced with great uncertainty relating to its new 777 entry. The New York Times calls the process of designing and developing a new aircraft a "crapshoot." Designing and developing a new line takes years, and in the interim, the situation (or even the existence) of individual airline companies can change dramatically, as can overall airline market conditions. Moreover, such development is immensely expensive (as we have already seen), and the high cost of development means that it will take many years of solid sales once delivery has begun before the company will earn back its original investment and finally begin to experience any profit at all.

Boeing has developed a multifaceted strategy to respond to these problems. The fundamental component of this strategy is to cut costs and prices. As we indicated above, the company has already reduced its work force by one third in six years. Management is also working to cut development and production costs. At the same time the company is making design changes so that new planes will be significantly cheaper to operate than are existing planes. Boeing's plan is to use the lowered costs to drop new plane prices so dramatically that it becomes cheaper for an airline to purchase and operate a new plane than to refurbish and operate an aging one. Management established a goal of reducing production costs by 25 percent between 1992 and 1998. They also intend to radically reduce the time needed to build a plane; for example, lowering the production time of 747s and 767s from 18 months in 1992 down to 8 months in 1996. Reducing production time would result in major cost savings, for example, by reducing inventory expenses. It would also benefit Boeing customers by reducing market uncertainties they face during the time b between placing an order and delivery of the aircraft. Oftentimes in the past an airline would place an order during a high point in the business cycle but 18 months later would find itself taking delivery well after a downturn in the cycle.

A second strategic decision was to hold tight and not attempt to compete directly with the Airbus A3XX by developing a new line. Condit does not believe there is enough of a market to warrant even one company investing up to $15 billion to develop such a large, four‑engine widebody plane. He reasons that with the advent of smaller twin‑engine planes such as the Boeing 767 and the Airbus A330, there has been a reduction in the use of the large 747s. He points out that many airlines that used to fly overseas passengers to hubs and then fly them out on large 747s now prefer to fly the passengers direct from point of departure to destination, such as Cincinnati to Zurich or Detroit to Amsterdam. By using smaller planes and avoiding hubs, the airlines avoid both slot congestion and the high cost of flying into and out of such major hubs as New York's Kennedy Airport and London's Heathrow Airport. Condit also claims that only two airlines, British Airways and Singapore Air Lines, are openly lobbying for the production of these giant planes. He concludes that, "If there isn't enough market to justify one superjumbo program, then I wonder why [Airbus] would do it. And certainly you would not want to do two programs in these circumstances." Condit also wonders about the accuracy of Airbus's projection of 1000 sales in 20 years. He points out that ittook30 years for Boeing to sell 1100 of the immensely popular 747s.

A third element of Boeing's strategy is to upgrade its existing aircraft lines. Boeing has invested $2.5 billion to upgrade its 737 short‑haul line, and management is considering extensive redesign of the 747 in order to make it a reasonable competitor of the AUX. The 747 upgrade would cost about $3 billion and would include a new, more efficient wing and some redesign to allow it to carry 520 passengers nearly 9000 miles. The project would include applying digital technology (CAD) learned in the production of the new777 in order to reduce the updated plane's selling price. Speculation is that the new 747 will be a double‑decker, making it particularly useful for Asian routes where limited landing slots make a high passengers-per‑landing ratio an imperative.

Finally, the company is in the process of introducing a new aircraft line, the 777, to compete in and hopefully to dominate the twin‑engine widebody market that is just opening. Actually, Boeing first began to assess market preferences for such a plane in late 1986 and on October 15,1990, United Airlines placed the first order for 34 of the new 777s. Two weeks later, on October 29, the project was approved by Boeing's board of directors and work began in earnest. In April 1994, Boeing publicly unveiled the new aircraft, and on June 12,1994, the 777 made its first flight. The first delivery, to United Airlines, was announced for the spring of 1995.

The 777 class are medium‑sized, widebody, twinjet commercial passenger aircraft. They are designed to fly with only two pilots, thus reducing the cost of operations. They use the largest, most powerful aircraft engines ever built, achieving from 74,000 to 100,000 pounds of thrust each. The engine size is necessary if only two engines are lifting the large airplane and its passenger load. Using only two engines reduces operating costs by saving on fuel, maintenance, and spare parts. Boeing claims that altogether the 777 will cost 25 percent less to operate than older Boeing models. The planes are 209 feet long with wingspans of 199 feet. They use a number of new, lightweight, cost-effective structural materials such as a new composite material for the floors and a new aluminum alloy in the wing skin that also improves corrosion and fatigue resistance. As a result of the lighter materials and fewer engines, the 777s weigh about 500,000 pounds versus 800,000 for the four‑engine 747s. The planes will use a "fly‑by‑wire" flight control system in which aircraft control and maneuver commands are transmitted to the elevators, rudder ailerons, and flaps as electrical signals flowing through electrical wires rather than by mechanical steel cables. Fly‑by‑wire control systems are easier to construct, lighter weight, and require fewer spare parts and less maintenance.

The 777s are priced at between $116 million and $140 million. Gordon A. McKinzie, United Airline's liaison with Boeing for the 777 project, stated "This is what we wanted: the minimum number of engines, the minimum number of crew." He added that the per‑seat cost will be 20 percent less than that of the DC‑10s which United will be replacing. Industry analysts estimate that it will take about 300 aircraft and four years for Boeing to break even. However, they warn that if sales are slow, if this process is stretched out over 20 years, Boeing will never make a profit on the planes.

The first 777s to be built are known as A‑Market aircraft. They have a range of 4520 to 5500 miles, enabling them to serve such runs as New York to San Francisco, London to New York, Tokyo to San Francisco, and Chicago to Honolulu. The planes weigh from 506,000 to 535,000 pounds and seat between 305 and 440 passengers, depending upon the seating configuration (they will seat up to 10 across), carrying about as many passengers as some of the older 747s. As of the spring of 1995 Boeing had orders for 147 planes and options for 108 more from 16 airlines including Thai Airways, British Airways, Japan Airlines, Emirates Air, Continental Airlines, and the International Lease Finance Corporation.

The B‑Market planes will be longer‑range, capable of a higher takeoff weight despite using the same body as the A‑Market planes. They will carry between 305 and 328 passengers up to 8435 miles, making them able to be used on such routes as London to Los Angeles, Tokyo to Sydney, and Chicago to Seoul. Their range matches that of the 747s. Boeing released 25 percent of the B‑Market design specifications on March 2, 1995, and at that time had 45 orders in hand.

Boeing management saw the development and production of the new 777 line as an opportunity to move toward their goals of lowering aircraft cost while speeding up production. They also wanted to produce a better product than ever before. To achieve these goals, they made many changes in their design and production methods. Management of the 777 project decided that tweaking the existing processes would bring only minor improvements. Instead, they opted to re‑engineer the whole process. One major innovation was their decision to involve customers in design and testing. Four buyers United, ANA, British Airways, and Japan Airlines‑each kept a team of two to four engineers on site to work with the Boeing project team during the design, building, and testing phases. During design, Boeing designers had what a company representative called an "intensive customer dialogue" to define and develop the new plane's configuration. One of the results was that 80 items that had been optional equipment in past lines were made standard in response to users' requests, including satellite communications and global position systems.

Because during fabrication each airplane has to be individually configured to match customer specifications, making optional equipment standard reduces variability during design and production of an order. The results are a lower cost of production and redesign and ultimately a lower sale price. In addition, other vital changes were made in response to customer requests. For example, the length of the wingspan of the 777 is far greater than that of previous Boeing planes. The users wanted the wingspan to be no greater than those of DC‑10s and 767s so that the 777s would fit into existing airport gate and taxiway spaces. To accommodate this request, Boeing changed the wing design to incorporate a hinge to allow the wing tip to fold once the plane is on the runway, a feature that has long been common on military aircraft. Another issue raised by the customers involved the wing fuel intake panel. The 777 wing has a sharp upward sweep, resulting in the fuel intake panel being 31 inches higher than it is on 747s. At that location it was too high for current airport fuel trucks. Boeing agreed to move the intake panels closer to the aircraft body where they would be at an appropriate height for existing fuel trucks.

One key change involves the move to paperless design‑the "paperless airplane." Boeing has had to fight a paper war to design its airplanes. The final design of the Boeing 747 consisted of 75,000 engineering drawings, a typical example of the job. But the original design is only the opening battle of the paper war. The specific problem that propelled Boeing to move to paperless design is the need to repeatedly copy and reuse these designs. Every order for a plane or group of planes is customized according to the customer's requirement so that, for example, the seating arrangements and the electronic equipment will differ from order to order. In such situations, Boeing designers long ago realized they would save a great deal of time and work if they reused existing designs rather than designing the customized configuration from scratch. However, the process of design customization was manual and took more than 1000 engineers a year of full‑time work to complete. To reuse old stored paper aircraft configurations and parts designs, the engineers first needed to laboriously search through immense amounts of paper drawings to find appropriate designs to reuse for the configuration ordered. They then laboriously copied the old designs to use as a starting point for the new ones. Inevitably, errors crept in to the new designs, large numbers of errors given the large numbers of design sheets, because of unavoidable copying mistakes.

The thousands of engineers who manually worked on these designs rarely compared notes. If production engineers at Boeing's factory in Auburn, Washington, built a mock‑up of a new jet and found a part that didn't fit, they sent a complaint to the designers back in Renton. The designers pulled out their drawings, reconfigured the part, made sure it matched drawings of surrounding parts, and sent the new design back to Auburn. Planes were built in fits and starts, filling warehouses with piles of paper and years of wasted byproducts.

Another problem with manual design was that the staff needed to create life‑size mock‑ups in plywood and plastic in order to make sure the pipes and wires that run through the plane are placed properly and do not interfere with other necessary equipment. They also needed to verify the accuracy of part specifications. This was a slow, expensive, laborious process. A third substantial problem occurred at production time. Errors would again occur when part numbers or specifications were manually copied and at times incorrectly copied onto order sheets, resulting in many wrong or mis‑sized parts arriving. This not only was costly but also held up production. All of these obstacles caused Boeing to decide to turn to a computer‑aided design (CAD) system and to a team approach to designing and building the 777.

In addition to involving customers in the design process, Boeing established "design‑build teams" that bring designers and fabricators from a range of specialties together throughout the whole process. In this way changes that used to have to be made after production began are now made during design because of the presence of production staff on the design team, saving a great deal of time and cost. Boeing's primary aim in turning to a CAD system was to reduce the possibility of human error.

Boeing's CAD system is gigantic, employing nine IBM mainframes, a Cray supercomputer, and 2200 workstations, and ultimately storing 3500 billion bits of information. The hardware alone cost hundreds of millions of dollars. It is one of the world's largest networks. Fiber‑optic links connect Boeing's Seattle‑area plants with a plant in Wichita, Kansas, which is constructing the flight deck for the 777, and with plants in Japan that are building most of the 777's fuselage. Boeing engineers calculate that their system has exchanged more than 1.5 trillion bytes of production data with Japan alone.

The amount of data on the network is so vast‑more than 600 databases in different software languages‑that information is sometimes hard for users to find. Some engineers need four kinds of computers on their desks to obtain the information they need. Analysts have likened the network to the Tower of Babel.

Boeing purchased 3‑dimensional graphics software called Catia developed by France's Dassault Systems, a unit of Dassault Aviation SA. Catia stands for "computer‑aided three‑dimensional interactive application." The system enables engineers to call up any of the 777s 3 million parts, modify them, fit them into the surrounding structure, and put them back into the plane's 11 electronic box" so that other engineers can make their own adjustments.

For instance, an engineer designing the rib of the aircraft's wing might find that the wing spar abutting the rib overlaps it by 11/100ths of an inch. He or she could move the computer icon to the intruding spar, and the system would call up the name and telephone number of the designer for that piece. In the past, the clash would trigger a new pile of paperwork. With the new CAD system, engineers can alter the rib's design to fit snugly against the spar in 30 minutes. Boeing officials claim they could use the system to redesign large pieces of an airplane's fuselage in a matter of weeks. Without computers, the task would take years and be much less accurate. The system has cut the time spent reworking 777 parts by over 90 percent, compared to the paper‑based approach for earlier models.

The team set a specific goal of reducing engineering changes and ill‑fitting components by 50 percent as compared to the last major Boeing design project (767s). CAD software enables engineers to test how all parts fit together without having to build models and without having to solve most problems during the assembly of the first aircraft at which time extensive redesign of the aircraft and of individual parts is very costly and time‑consuming. CAD software also enables a great deal of testing to be done electronically. Moreover, the designs stored in the CAD software system can be used to generate parts orders and fabrication specifications automatically without all the errors that result from copying by hand. Finally, by electronically storing aircraft configurations and parts designs, those designs can be quickly and easily located, copied, and used as the basis for designing new plane orders.

Boeing put in more engineering time on the project than originally planned because the software proved somewhat slow and complicated to manipulate. Some engineers had trouble making the transition from working two‑dimensionally on paper to working three‑dimensionally on the computer screen. Boeing is working with IBM and Dassault to improve the CAD system for advanced versions of the 777. Boeing management believes the ease with which the parts are going together will make up for the increased front-end costs.

Another major production change Boeing made was to break from the traditional method of building the whole plane sequentially. Instead, workers moved to parallel production, building selected sections of the plane simultaneously. They also developed a range of new fabrication methods. One such new method came out of the Boeing Sheet Metal Center. Previously doors were sent to the assembly floor in large batches of parts, requiring assembly personnel to spend a great deal of time locating and picking the required door parts before actual door assembly could begin. Instead, door parts now arrive in ready‑to‑assemble kits.

The preliminary results have certainly been promising. The Sheet Metal Center, with its door kits and other innovations, reduced parts inventory awaiting assembly from $270 million in 1993 to $130 million in 1994. Other departments made equivalent gains. The airplane was designed entirely on the computer screen, and it was assembled without first building mock‑ups. Using electronic pre‑assembly, many of the space conflicts were solved before any physical production took place. The

value of electronic design software was proven, for example, when the wing flaps were designed and electronically tested in mid‑1992 wholly on the computer. Later, in 1994, the actual tests on a live aircraft showed that the wing flaps worked perfectly. The accuracy of the CAD design system is clear. In the past, the typical horizontal or vertical variances of any part was three-eighths to one‑half inch. Using the CAD system to design the parts, the average variance was reduced to 23 one thousandths of an inch vertically and 11 one thousandths of an inch horizontally. The company reports that it exceeded its goal of cutting overall engineering design errors by 50 percent. Boeing has announced that the time to design and build a 777 order has already been reduced to 10 months compared to the 18 months required for 747 and 767 orders. Total cost to design and bring the 777 to production was $4 billion.

One final issue Boeing faced was that of testing and receiving governmental approval for operation from the U.S. Federal Aviation Administration (FAA). Boeing established a giant testing program that at various times included nine planes using three different engines. Standard certification testing has not been a problem. In addition to the standard tests, however, Boeing has scheduled a special set of 1000 cycles (takeoffs and landings) on each airframe/engine combination to simulate day‑to‑day flight operations and maintenance procedures. The planes are operating in a wide range of environments, flying all types of trip lengths in all types of weather and climate under all types of airport conditions. Flight and maintenance teams from three buyers are participating fully in these tests. These special tests began on December 29, 1994, and were scheduled to be completed in four months although in the past this cycle of testing would have taken a full year. Ninety tests totaling 430 flight hours were on actual United runs with United personnel to help United prepare for the introduction of its new 777 fleet.

The main testing hurdle Boeing faces is the need to achieve ETOPS certification. ETOPS stands for Extended‑range Twinjet Operations, and ETOPS approval is granted by the FAA. It is needed before commercial long‑range flights over water can occur. It is required for two‑engine planes (four‑engine planes are less vulnerable to problems from engine failure since the failure of one or two engines will leave two or three still operating). In the past ETOPS approval has come only after the plane has been in service two years so its performance can be evaluated under actual operational conditions. However, Airbus expects to receive ETOPS approval for A330 flights of up to 90 minutes over water in late 1995, after only one year in service. Boeing considers approval for the 777 earlier than that to be crucial if it is to prevent Airbus from garnering too large a portion of the twin‑engine widebody market. Boeing's goal is to obtain ETOPS approval at the same time the 777 aircraft goes into service in the spring of 1995. That is part of the reason for the far‑more‑extensive‑than‑normal testing program. Boeing is working closely with the FAA to achieve early ETOPS certification, but it is still a gamble. The FAA has given no commitment in advance although FAA officials do admit they are negotiating with Boeing on the scope of the tests. Boeing management believes that the computerized design of the airplane, along with the heavy testing regimen, should justify an early award. Analysts believe the failure to achieve quick ETOPS certification will not impact current orders due to financial penalties associated with cancellation. United's McKinzie agrees, saying United will take delivery anyway but would use the planes for overland routes rather than the Hawaii routes they had hoped to use them for. However, it is likely future sales will be impacted, causing some orders to go to Airbus and even perhaps giving new life to McDonnell Douglas' MD‑11.

In early 1995, Ronald Woodard, president of Boeing's airplane group, announced new major cost‑cutting initiatives, including a further reduction of managerial and administrative jobs. On April 1, 1995, Boeing began a series of 80 tests designed for ETOPS certification and won FAA approval for transoceanic flights without two years of testing. Boeing made its first delivery of 777s, to United Airlines, on May 15, 1995. The 777 entered commercial service in June 1995.

Sources: Matthew L. Wald, "FAA Allows Boeing 777 to Skip a Test Period," The New York Times (May 31, 1995); Jeff Cole, "Boeing's Retirement Incentive Plan Stirs Concern About Number of jobs to Be Cut," The Wall Street journal, March 23, 1995; John Holusha, "Can Boeing's New Baby Fly Financially?" The New York Times, March 27,1994; Bill Richards, "The Future Is Now," The Wall Street journal, November 14, 1994; Howard Banks, "Superjumbo," Forbes, October 24, 1994; Shawn Tully, "Why to Go for Stretch Targets," Fortune, November 4, 1994; Boeing News Release, "Boeing 777 Designers Take BMarket to New Level," Boeing Commercial Airplane Group, March 2, 1995; "Boeing 777 Sets New Standards in Aircraft Design," Boeing Commercial Airplane Group (no date); The Boeing Company, "News Release Summary of the Annual Report, 1994."

Case Study Questions

1. Analyze Boeing's competitive position using the competitive forces and value chain models.

2. What is Boeing's competitive business strategy? In what ways do you consider this strategy sound? Risky? Explain your answers.

3. Describe how the Boeing 777 line fits in with this strategy.

4. What role do knowledge work systems play in Boeing's business strategy.) Evaluate the significance of that role.

5. How well does the knowledge work system function as a factor in Boeing's business strategy?

6. What management, organization, and technology problems do you think the use of the knowledge work software presented to Boeing? What steps do you think they did take or should have taken to deal with these problems?
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AIRBUS SUPERA A BOEING

A européia Airbus superou com folga sua concorrente americana Boeing como lider do mercado mundial de aviões civis, graças ao pedido recorde de 120 aparelhos pela Easyjet. Em 2002, a carteira de pedidos da Airbus somou 309 aviões, em relação aos 184 da Boeing.

DESIGNING THE PAPERLESS AIRPLANE





Laudon & Laudon, p. 600, 4th. edition














