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Boeing Airplane Services

Kim Topes arrived at work with a lot on his mind.  As the Director of Operations he was accountable for all aspects of manufacturing the 777 commercial jet.  Over time, performance within the factory had dramatically decreased the man-hours per aircraft as well as the cost per aircraft.  As he gazed from his fifth story office window over the final assembly area, he mused about the storm clouds brewing on the horizon.

Yesterday, Harley Kix had stopped by Topes’ office after the LFM networking pizza lunch.  Kix was a manager in 777 manufacturing engineering and thus shared common issues with Topes.  The discussion that day focused on WA001 (pronounced Wah-One), the first 777 produced.  Six years later, marketing had sold the aircraft to Cathay Pacific.  The sale was great news from a business perspective since this high value asset would be sold before year-end.  However, the delivery date marketing had committed to was aggressive considering the work to be done.  The airframe needed to be updated to the latest certification standards; interior features that were not available when WA001 was built needed to be modified; and Rolls-Royce engines were to be interchanged for the Pratt and Whitney engines in less flow days than normally allowed for.  Additionally, the entire interior of the aircraft must be removed and re-installed with new equipment that normally was installed before the aircraft was joined.  There was no manpower assigned to modify WA001.  The resources were to be pulled from engineering and operations of the production aircraft.  The temporary loss of the human resources was unexpected, creating factory disruption and placing additional demands on Topes and Kix’s organizations – organizations that normally dealt with production issues, not modifications.  Topes considered Kix’s comment, “why aren’t we doing this outside production in a modification facility with modification people and modification processes.  Doing this in production is going to kill us”. 
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Copyright ( 2000 Massachusetts Institute of Technology.  This case was prepared by LFM Fellows Julie Wilhelmi and Mike Vander Wel under the direction of Professor Don Rosenfield as the basis for class discussion rather than to illustrate either effective or ineffective handling of an administrative situation.  The case is based on one of the author’s thesis, “Analyzing the Boeing 777 Link The Flow Process for Value Stream Flow Reduction Against the Lean Aerospace Initiative’s Enterprise Level Roadmap,” supervised by Professor Debbie Nightengale and Professor Steve Graves from an LFM internship at the The Boeing Company during June-December, 2000.

Company History

Formed in 1917, the Boeing Airplane Company’s initial focus on military aircraft shifted to commercial aircraft, and the 707, 727, 737, 747, 757, 767, 777, and 717 are ubiquitous in commercial aviation.  Though commercial aviation has remained the core business, the breadth of products expanded into all aspects of the aerospace industry, including rockets, the Space Shuttle, missiles, and jet fighters.  In 1997, the purchase of McDonnell Douglas strengthened Boeing’s military and defense business.  The company also has acquired various companies that bolstered its presence in the space and satellite communications arena.  Today, The Boeing Company is involved in all aspect of the aerospace business and is expanding into all aspects of their aerospace products’ lifecycles.  

Boeing is now the largest aerospace company in the world. We have a strong balance of commercial, defense, and space capabilities, customers in 145 countries, a business backlog of more than $100 billion, and a future with extraordinary potential for discovery and achievement. (Reference 1)

                                                                         - Phil Condit (CEO)

The company is now comprised of three organizations: 

· Commercial Airplanes - including all commercial transports, from the 737 to the 777 and the MD jets built by the Douglas Products Division.

· Military and Defense – including all military aircraft systems and tactical missiles.

· Space and Communications – including space vehicles, rockets and engines, satellites, and the space shuttle.

Boeing has traditionally considered itself an engineering company.  For more than eight decades Boeing engineers have pushed the boundaries of what is technologically possible.  Products are generally complex and the ability to design and produce these products engenders a sense of pride in Boeing employees.  Shrinking defense budgets and heightened competition forced Boeing to rethink its approach to the aerospace value stream (Reference 4).  Cost-effective manufacturing is now a component of the business strategy, and Boeing has sought ways to counter the aerospace business cycle in order to maintain a more level work force.  This new approach led to Boeing’s expansion into new areas.  Two organizations, Boeing Commercial Aviation Services and Connexion, were formed to focus on broader customer needs.

Expansion into new business opportunities has resulted in new organizational challenges.  Over the years, a legacy system evolved to meet the challenge of getting 2 million plus parts (not including rivets) designed, integrated, and assembled together to fly in extremely close formation.  When the company undertakes large projects, there are well-defined expectations for how functional organizations develop work statement, commit to, and manage their work internal to the company as well as externally with customers.  While this approach has worked well for very large projects, smaller projects find certain processes burdensome and tend to ignore aspects of them.  Also, the customer interface has historically been focused on new airplane manufacturing.  Downstream expansion of the aerospace value chain has made it difficult to identify all internal stakeholders for projects.

Boeing Commercial Aviation Services

The goal of Boeing Commercial Aviation Services (BCAS) is to provide a total business solution to the aerospace customers.  Expected technology and performance improvements over its 20 to 30 year life span require an airplane to undergo multiple upgrades and several reconfigurations. BCAS provides the array of support services that a customer could need over the aircraft lifetime.  The compelling reason to enter this part of the market is financial; a significant part of the profit to be realized from an airplane lies in the part of the aerospace value chain that occurs after delivery of the aircraft to the customer.  Historically, Boeing’s interaction with the customer after delivery was limited to technical support and parts.  This left modification, retrofit, and service profit opportunities to other companies.  It is thought that by entering this segment of the market, Boeing can leverage its engineering strengths and marketing network to secure a large portion of the commercial aircraft services market.  BCAS also provides customers with the benefits of direct access to all of the proprietary data involved in an airplane's original design and can match any new changes to customers' in-service airplanes to original Boeing design standards.  One of the support organizations that leverages these opportunities within BCAS is Boeing Airplane Services (BAS).

Boeing Airplane Services engineering

The BAS web site describes its mission as 

“Boeing Airplane Services offers a full range of world-class technical and logistics services to its global customer base, which includes the world's passenger and cargo airlines as well as maintenance, repair and overhaul facilities. Boeing Airplane Services is dedicated to providing total service solutions tailored to each customer's unique requirements.” (Reference 3):  

BAS engineering resources focuses on meeting customers’ post-delivery airplane upgrade needs. Services BAS provides customers include engineering services for modifications such as passenger-to-freighter conversions, airplane and systems modifications, engineering design and installation, performance improvements, aircraft recovery and repair services.  BAS also operates an aircraft spare-parts sale/service/distribution network, and provides retrofit packages for Boeing commercial airplanes. The scope of BAS engineering is to oversee all aspects of the design, integration, validation and certification of the airplane's upgrade.   

Connexion

Connexion  (Reference 5) provides high-speed, two-way Internet and live television services to aircraft in flight. The service is currently available to the private business jet market, with system installations on commercial airlines expected to begin in late 2001 and into 2002.  Connexion by Boeing will also provide airline personnel with information that will enhance operational efficiency on the ground and in the air.  Customer airplanes will be equipped with the Boeing proprietary phased array receive and transmit antenna - a key enabler for two-way broadband communications. Specifically, Connexion by Boeing will serve three market segments: commercial airlines and their passengers, the private business jet community, and government customers. As the service matures, potential markets include commercial and leisure cruise ships, as well as oil exploration platforms.

Connexion engineers are developing a retrofit kit for commercial airlines and as a result are only working with BAS engineers not the factory or production engineers.  This has resulted in conflict in at least two programs already.  For example, Connexion engineers developed a retrofit kit for the 747 that is designed to install over a fuselage section join area.  This forces the factory final assembly to install the retrofit kit and eliminates the possibility of installation in a sub assembly area.  Another instance of poor coordination occured on the 777, where Connexion engineers located the phased array antenna in the same physical space where the satcom antenna was located.  Moving this antenna is difficult and no permanent solution to this problem has been engineered.

777 and WA001 History

The 777 is Boeing’s newest, large commercial airplane in production.  First delivered in 1995, it is the first jetliner to be 100 percent digitally designed using three-dimensional solids technology (Reference 4). The program’s motto is “Working Together” and functional teaming was attempted at a level not seen previously.  

From 1997 to the present, 777 manufacturing has engaged in an extensive lean manufacturing implementation.  Four key value streams were successfully mapped out and leveraged to eliminate waste to an extent not envisioned by the original planners of the production line.  In fact, these efforts have been so successful that the program is close to using one final assembly line to produce airplanes at a production rate that originally was thought to require two lines.  By reducing flow time in the factory, the flow time for a 777 aircraft in the factory dropped from 71 to 38 days.  These efforts have since been expanded to include other areas of the supply chain.  The objective is to reduce the total flow time of a 777 airplane from customer kick-off to customer delivery from 10 months to nine months and eventually to eight months.  The realization of this goal would give Boeing a competitive edge in marketing the 777 since the customer would know their aircraft would be delivered 8 months after signing the contract. 

As the first 777 built, WA001 was extensively flight tested to ensure the 777 aircraft design and production met FAA guidelines.  Since completing this testing it has remained idle, adding to the inventory cost of the 777 program.  In the summer of 2000, marketing sold WA001 to Cathay Pacific, pending the removal and replacement of the aircraft’s interior and an expected delivery to the customer by the end of the year.  This meant the aircraft had to leave the factory in a fully retrofitted condition by early November 2000 to permit painting and flight-testing before the end of that year.  The 777 organization was tasked with the retrofitting of the aircraft, completion of the necessary design work, and installation.  This could only be accomplished by drawing from existing engineering and manufacturing groups, impacting both sustaining work as well as new product development. The sale by marketing committed engineering, manufacturing engineering, and the factory to assist in this effort.  Since marketing did a poor job of internally coordinating this sale, immediate and heavy overtime was forced in various areas throughout the factory and for the engineers, mechanics, and electricians who worked on completing WA001.  Using production resources in this way invariably slows the production work that is already in progress and potentially distracts the organization from continuing to move down the 777 learning curve.  This additional variation could also add flow days to the factory, hindering program directives on flow reduction.  Similar situations have recently developed in other programs. 

The Dilemma

Back in Topes’ office, Kim was still thinking about the future. With the launch of two new 777 derivatives, the –200LR and –300LR, the factory was undergoing several changes.  The derivatives included a major redesign of the cabin’s wiring and ducting systems to allow for the BAS-designed overhead space utilization (OSU) modules.  These modules could be used for crew or flight attendant rest spaces during long flights.  Aircraft customers were already contracting for OSU aircraft retrofit kits from BAS.   In fact, an early OSU customer, Delta, has not only purchased the retrofit kits, but has demanded that the kits be installed in line production on the aircraft yet to be built.  WA001 was only a precursor for the types of contracts BAS was now committing to.   Who would be installing these kits?  Would BAS require resources from manufacturing and production engineering?  With the addition of the OSU modules, space on the 777 was extremely tight.  Inline production was not the original intent of these kits and their design and installation have not been coordinated with the factory.  Another concern was Connexion.  Presently the Connexion engineers had not interfaced with aircraft operations to understand manufacturing requirements.  Where would the phased array antenna fit?  Topes had tasked Kix with researching the impending conflicts arising with this interface.   

Topes needed to develop a strategy for future dealings with the service organizations. WA001 had proven that the 777 organization was capable of completing a major modification, but was this the direction manufacturing should be heading toward?  Was cost-efficient production or flexible production the goal?  If the former was the goal, what could be done to prevent service organizations from committing factory resources again?  With WA001 marketing was handed a superficial estimate of the work involved to make the aircraft saleable.  In the future, could people be shared in such a way to meet the needs of both organizations?  How could 777 operations and the aircraft programs as a whole develop a mechanism enabling marketing and services to work together with the programs?  Topes had a lot on his mind.
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Exhibit 2. Growth Estimates
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Exhibit 3. Organization (Reference 5)
Exhibit 4. Aerospace Industry Value Stream


Exhibit 5. Connexion by Boeing
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