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3/25/2008 

 

 

Dear Reader, 

 

 This is the third edition of the Department of Commerceôs Aerospace Teamôs annual 

industry assessment.  The publicationôs name was changed from Apogee and Perigee to Flight 

Plan 2008 this year.  This edition includes updated statistics and a more streamlined format. 

Designed to provide the reader with the status of the aerospace industry in the United States, 

topics include economic and competitive analysis of major aerospace firms and trading partners 

as well as information on issues impacting the overall health of the industry.  The report provides 

insight into major aerospace industry topics such as unmanned aircraft systems, large 

commercial aircraft, regional jets, general aviation, commercial space, and workforce issues.  

Flight Plan 2008 is not designed to cover every aspect of the industryôs performance in detail. 

Rather, it is intended to provide an overview of salient issues which the reader can then research 

for additional information.  This paper is based upon contributions and information from 

multiple government agencies and private sector entities. 

 

 Published by the Department of Commerceôs Office of Aerospace and Automotive 

Industries, this report was written by members of the Aerospace Team.  We welcome your 

comments, criticisms, and suggestions for improvement.  I also suggest you view our website at: 

http://www.ita.doc.gov/td/aerospace/ for additional information on the U.S. aerospace industry. 

 

 

 

 

                                                                   Dean W. Woodard  

 

                                                                   Team Leader 

                                                                   Office of Aerospace and Automotive Industries 

                                                                   Dean_Woodard@ita.doc.gov 
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EXECUTIVE SUMMARY  

 
The aerospace industry demonstrated strong growth in 2007, and economic indicators suggest that 

this growth should continue in the near term as the industry moves through its normal business cycle.  

The depreciation of the U.S. dollar has made U.S. aerospace products more affordable overseas.  

During 2007, increased industry consolidation and cooperation also made U.S. products more 

competitive across all aerospace sectors. 

 

As mentioned above, the depreciation of the dollar vis-à-vis most foreign currencies has made sales 

of U.S. large civil aircraft (LCA) more attractive to airlines.  Conversely, the high value of the Euro, 

as well as delayed product development and deliveries, has slowed Airbus sales.  However, 

increasing worldwide air travel has also raised overall demand for LCAs, regional jets, and smaller 

business jets, providing Boeing and Airbus with strong orders.  Similarly, post-September 11 

recovery has pushed global demand for business jets and general aviation aircraft to new high 

levels.  Despite this increasing demand, it is expected that industry consolidation will continue. 

 

High product development costs, coupled with relatively small annual markets for aerospace 

products (by unit) are fueling the aerospace sector.  In addition to the more traditional U.S.-

European ventures, such as the GE Aviation and Pratt & Whitney venture the ñEngine Allianceò, 

new associations are emerging.  One such example is the Italian-Russian venture Superjet 

International, formed by Alenia Aeronautica and Sukhoi Civil Aircraft.  Superjet International will 

market and sell a new family of aircraft into Western markets and provide worldwide after-sales 

support.  Similar programs have been announced in China and Japan.  This type of international 

cooperation allows greater market access, as well as cost and risk sharing. 

 

The issue perceived by the industry to have the largest impact on competitiveness is U.S. export 

control policy.  Concerns about the ability to receive a U.S. export license for aerospace products, 

especially communications satellites, have caused foreign competitors to ñdesign outò U.S. 

components, purchase products containing no U.S. parts, and strengthen partnerships with other 

countries in order to avoid the need to apply for a U.S. export license.  Even though the State 

Department has worked diligently to process licenses faster and make the application process more 

transparent, the negative perception continues to encourage foreign counterparts to seek products 

elsewhere, thereby hurting U.S. competitiveness.  The greatest impact has been felt by satellite 

components suppliers, but the impact of U.S. export control policies is widely shared by all 

aerospace sectors. 

 

Aerospace sectors currently experiencing the strongestðand in some cases recordðgrowth are 

large civil aircraft, helicopters, general aviation aircraft, regional and business jets, 

engines/powerplants, communications satellites, military unmanned aerial systems (UASs), and 

airport infrastructure and safety equipment.  For these sectors, growth is expected to remain strong 

in the near term, although LCA orders may not match their record numbers in 2008.  Other sectors, 

such as launch services, are experiencing lower but steady growth as they recover from market 

disruptions and/or adapt to commercial markets.  The launch services sector could experience faster 

growth if telecom market demand increases.  The maintenance, repair and overhaul (MRO) market 

has not recovered to pre-9/11 levels, and is not expected to recover for several years.  The market 

for civil/commercial UASs remains stagnant in the absence of civil regulations for certification and 

operation in the national air space.  Key markets for U.S. aerospace exports remain India, China, 

Russia, Japan, and Europe. 
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Large Civil Aircraft  
 

 

Following its acquisition of McDonnell Douglas in 1997, Boeing is the only U.S. manufacturer of 

large civil aircraft (LCA).  Large civil aircraft are those aircraft which have more than 100 seats or 

an equivalent cargo capacity.  Boeingôs LCA revenues typically account for more than half of the 

total non-government, civil output of the U.S. aerospace industry. 

 

Market Trends 

 

Domestic and global LCA production is cyclical, experiencing peaks about every ten years in the 

number of aircraft delivered with ñvalleysò approximately every other ten years.
1
   

 

 
 

The terrorist attacks of September 11, 2001 economically devastated the civil aircraft industry.  As 

demand for air travel plummeted sharply, airlinesô demand for new transport aircraft also plunged.  

By mid-October 2001, airlines cancelled orders for 50 Boeing aircraft.  At yearôs end, Boeing said 

that the net number of new Boeing aircraft ordered in 2001 (number of new orders less the number 

of existing orders that were cancelled) was 314 airplanes. This was about half the figure from the 

previous year (net orders in 2000 of 598 aircraft).  With demand stagnant in the immediate 

aftermath of September 11th, Boeingôs sales continued to slump.  The number of orders fell again in 

2002, and bottomed out in 2003 with 249 net orders.   

 

The U.S. LCA industry turned a corner in 2004.  After hitting an eight-year low in 2003 of 281 

aircraft delivered, Boeing posted a slight increase ï to 285 ï of aircraft delivered in 2004.  The 

number of Boeing aircraft ordered in 2004 also increased from the previous year, marking an end to 

the market slide precipitated by September 11th.  Market conditions continued to improve in 2005 

and 2006, with the apparent demand for LCA in these two years stunning many analysts.  Boeing 

announced net orders of 1,002 aircraft in 2005, an increase of over 360 percent from the 2004 order 

figure of 277 aircraft.  But even this dramatic surge in Boeingôs order book was topped in 2006 with 

Boeingôs net orders of 1,044 aircraft -- and yet again in 2007 with net orders of 1,413 aircraft.  The 

                                                 
1
 The source for this, and other data in this report regarding aircraft orders, deliveries, and sales volumes for Boeing and 

Airbus are the companies themselves.  Although widely accepted by aerospace industry analysts, the data has not been 

independently verified. 
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figure for 2007 marks the highest number of aircraft orders Boeing has ever received in a single 

year. 

 

While Boeing appears to be on the rebound in terms of number of aircraft ordered, it may be some 

years before the company regains previous sales levels when measured by dollar value. Boeing 

received its highest revenues from LCA sales in 1999 when it delivered a record 620 aircraft valued 

at about $38.5 billion.  This is well below Boeingôs 2007 LCA revenues, which totaled about $33.4 

billion on deliveries of 441 aircraft.
2
     

 

Access to foreign markets is crucial to Boeing.  Over the next ten years, more than 70% of Boeingôs 

large civil aircraft likely will be delivered to customers outside of the United States.  Key foreign 

markets include China, Japan, and India. 

 

Competition 

 

As a practical matter, Europeôs Airbus is Boeingôs only competitor in the LCA sector.  Other civil 

jet transport manufacturers with a significant global presence, such as Canadaôs Bombardier and 

Brazilôs Embraer, do not produce aircraft comparable in size to the Boeing and Airbus aircraft.  

Heritage Ukrainian and Russian companies Antonov, Ilyushin and Tupolev do produce aircraft 

comparable in size, but are not competitive.   

 

Created in 1970, Airbus was a consortium of four European government-supported companies.  In 

2001, those governments transformed Airbus into a single corporate entity, Airbus S.A.S.  Today, 

Airbus is a wholly owned subsidiary of European Aeronautic Defense and Space Company 

(EADS).  In 2006, EADS purchased from United Kingdom-based BAE Systems that companyôs 20 

percent equity of Airbus.  The French government owns 15 percent of EADS and a Russian 

consortium owns 6+ percent of the common stock.  

 

Throughout Airbusô history, the governments of France, Germany, the United Kingdom and Spain 

have provided the company substantial financial and other support.  These governments have 

provided over $15 billion in ñlaunch aidò to develop new models of Airbus aircraft.  Airbus has 

benefited from government equity infusions, debt forgiveness, aircraft production support, and 

infrastructure development.  Senior economic officials from the four Airbus governments 

coordinate pan-European aerospace industry policy in their informal capacity as ñAirbus Ministersò. 

 

Boeing and McDonnell Douglas dominated the global LCA market until the 1990s when Airbus 

became a serious competitor, as it remains today.  During the period 2001ï2005, Airbus announced 

each year that it received more orders for civil aircraft than Boeing.  Airbus makes the same claim 

concerning number of aircraft delivered for every year since 2003.   

 

As calculated by various measurements, Airbus and Boeing had virtually equal shares of the LCA 

market in 2007.  Airbusô share was: 

 

 

Å 50.7%, when measured by number of aircraft delivered (453 vs. Boeingôs 441); and 

Å 48.7%, when measured by number of net aircraft orders (1,341 vs. Boeingôs 1,413).  

                                                 
2
 Figures for 1999 and 2007are reported in current dollars, i.e., not adjusted for inflation. 
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As demonstrated in the above chart, Boeingôs orders before 1997 (when it acquired McDonnell Douglas) include 

aircraft ordered from McDonnell Douglas. 

 

A Difference in Market Projections 

 

Airbus and Boeing differ starkly in their projection for the future market of large civil aircraft.  In 

Airbusô view, the future of the LCA market lies with huge aircraft capable of long flights that will 

fill a growing demand for ñhub-and-spokeò airline operations.  Airbus says that larger aircraft will 

be increasingly required to mitigate congestion at the finite number of gates that airports have 

available.  

 

In keeping with this market view, Airbus developed the A380 ñsuper-jumboò aircraft in the early 

2000s.  Several versions are planned, with seating capacity ranging from 555 to 850 passengers.  By 

comparison, the latest version of the largest civil aircraft now flown, the Boeing 747-400, typically 

is configured for a maximum passenger capacity of 416. 

 

In contrast, Boeing believes that the future of civil aviation lies with so-called ñpoint-to-pointò 

airline operations.  In Boeingôs view, passengersô demand for non-stop service will trump their 

interest in the lower fares that can be achieved with one or more intermediate stops.  Consequently, 

Boeing argues that airline fleets will be composed of large numbers of aircraft with relatively small 

passenger capacities.  The mix of particular aircraft models should be capable of meeting short-, 

mid- and long-range operations. 

 

In keeping with its market projection, Boeing developed its latest jetliner, the 787 ñDreamlinerò, 

with fewer seats than the Airbus A380, and somewhat fewer than the last aircraft Boeing developed, 

the 777.  Boeing anticipates the production of three versions of the 787: the 787-8, carrying 210-250 

passengers; the 787-9, carrying 250-290 passengers; and the 787-3, carrying 290-330 passengers.  

In January 2008, Boeing announced a delay in the first Dreamliner delivery from late 2008 to early 

2009 (due to production difficulties). 

While the two LCA manufacturers have different views of the future market, neither Boeing nor 

Airbus has put all of its eggs in one basket.  In December 2006, the EADS board of directors 

approved the industrial launch (i.e., decision to manufacture) of the Airbus ñA350XWBò, aimed at 

competing against the Boeing 787.  Boeing plans to produce a stretched version of its existing 747, 

to be called the 747-8, that will add room for 34 more seats in a typical configuration of three 

passenger classes.   



 7 

New U.S. Manufacturing Process 

 

In a departure from its traditional way of manufacturing aircraft, Boeing will be using an assembly 

technique for the 787 aircraft that has been used by Airbus for decades.  In this new, ñsystems 

integrationò approach, instead of receiving parts from tens of thousands of suppliers, Boeing is 

working with a small number of companies to provide major sub-assemblies for the 787 aircraft.  

Boeing requires that these suppliers assume the cost of integrating the sub-assemblies.  Final 

assembly of 787 aircraft at Boeing facilities near Seattle will take three days, Boeing says, instead 

of the two-to-four weeks now required for final assembly of similar aircraft. 

 

In another departure from its traditional business model, Boeing is relying to a great extent on the 

participation of foreign companies to help develop and manufacture 787 components.  

 

 Ā A partnership between Alenia (Italy) and Vought (Texas) will design and manufacture  

  center and rear fuselage sections, representing 26 percent of the 787 ñstructuresò.  Some  

  fuselage sections will be assembled in Italy. 

 

Ā The Japanese Aircraft Development Corporation (JADC), a consortium of the three largest 

Japanese aerospace manufacturers, will design and manufacture both wings, representing 35 

percent of the 787 structures.  
 

 

 

787 Structures Work Share
3
 

 

 

 

 

 

Future Market 

 

                                                 
3
 Can be found at:  http://www.aerospace-technology.com/projects/dreamliner/dreamliner8.html 
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Boeingôs sales in the coming year are likely to be dominated by three models of aircraft: the single-

aisle 737, the wide-body 777, and the new 787 with a body fabricated from carbon composite 

materials.  Few observers expect the feverish pace of orders achieved in 2005-2007 to continue 

through 2008. 

 

Key factors in 2008 that could affect the future of the U.S. large civil aircraft manufacturing 

industry include: 

 

Å Airbus A380:  Will demand for this aircraft, now sluggish at best, improve?  The total 

number of A380ôs on order at the end of 2007, 189 aircraft, falls significantly short of the 

ñbreak-evenò number Airbus needs to recoup the more than $13 billion it spent to develop 

the A380.  Continued weak demand for the A380 could strain Airbusô ability to invest in 

future aircraft programs, without further European government assistance. 

 

Å Boeing 787 ñDreamlinerò:  With Boeing 787 orders totaling 817 at the end of 2007, the 

Dreamliner is the fastest-selling civil aircraft in history.  The programôs success, however, is 

challenged by production difficulties, including some that appear to have resulted from 

Boeingôs new ñsystems integrationò approach, involving overseas suppliers of major 

subassemblies.  Beyond the issue of late delivery penalty payments to airlines, Boeingôs 

ability to resolve production difficulties for the 787 may signal the efficacy of the systems 

integration approach for future aircraft programs. 

 

Å Litigation in the World Trade Organization (WTO) :  Dispute settlement panels are 

expected to issue decisions in 2008 concerning claims by the United States that European 

governments have made illegal subsidies to Airbus as well as counter litigation initiated by 

the European Union alleging illegal subsidies to Boeing.   If U.S. claims are sustained by the 

panels, these decisions eventually could lead to significant changes in the way that Airbus is 

supported by European governments. 
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Regional Jets 
 

Similar to the large civil aircraft sector, global production of regional jets (RJs) is dominated by two 

manufacturersðCanadaôs Bombardier and Brazilôs Embraer.  Regional jets are typically considered 

to be commercial jet transport aircraft with fewer than 100 seats.  However, this traditional defining 

line is blurring as large RJs come closer to the smallest product offerings of Boeing and Airbus.  

Orders and deliveries of regional jets grew rapidly in the 1990s as airlines used them to fill a unique 

market niche.  In recent years, however, deliveries have slowed, and some analysts believe that the 

natural market for regional jets is approximately 200 aircraft.  Despite the downward trend, three 

other countriesðChina, Russia, and Japanðare currently developing RJs. 

 
 

Company  Products 
2006 Revenue 

from Aircraft  

2005-2006  % 

Change in Revenue 

Bombardier Regional jets and 

turboprops; 

business jets 

$8.2 billion 1.2% 

Embraer Regional jets, 

business jets 
$8.3 billion -8.8% 

 

Trends 

 

Together, Bombardier and Embraer have completely displaced European RJ manufacturers in the 

global market.  The last RJ from the U.K.ôs BAE Systems rolled off the assembly line in 2001.  

German company Fairchild/Dornier entered into bankruptcy and sold the rights to its aircraft 

programs to various investors in early 2003.
4
  Although Fairchild/ Dornierôs 32-passenger 328 JET 

program was purchased by AvCraft Aviation, AvCraft itself went into bankruptcy in 2005.   

 

Bombardier enjoyed a three-year head start over Embraer in delivering its first regional jet, but has 

not dominated the market.  Embraer delivered more RJs in 1999, 2001, and 2006, and in early 2007 

had a backlog more than 6 times that of Bombardier.  Overall, however, the regional jet market has 

not enjoyed the same growth that the large civil aircraft market experienced over the last several 

years.  RJ deliveries fell between 2003 and 2006, though that trend reversed slightly in 2007.
5
 

 

Both of the regional jet manufacturers are moving to focus on larger aircraft models.  Though the 

regional jet market began with an emphasis on 50-seat jets, the largest market for todayôs regional 

jets is 70-seats and larger.  In fact, both manufacturers are offering or are exploring aircraft with 

more than 100-seats, which is traditionally the market segment dominated by Boeing and Airbus.  

Embraerôs ERJ 190, which seats up to 114, was the manufacturerôs best-seller in 2007 and currently 

accounts for 59 percent of its backlog by number of units.  Bombardier is currently phasing in its 

larger ñNextGenò line of aircraft, the largest of which will go up to 100 seats.  Bombardier is also 

exploring an even larger product lineðthe C Seriesðwhich would go up to 130 seats.  Though 

development on this product was put on the backburner in 2006, work on it has continued.  At the 

                                                 
4
 ñNew Owner Expects To Begin Delivering 328 Jets Within 60 Daysò, The Weekly of Business Aviation,  

March 31, 2003. 
5
 Embraer regional jet deliveries are up from 95 aircraft in 2006 to 130 in 2007;  Bombardierôs, however, are down from 

72 aircraft to 61 aircraft.  Still, the trend is up 24 aircraft from 2006 despite an unequal performance by the 

manufacturers. 
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2008 Singapore Air Show, company officials noted that the project must be formally launched this 

year in order to meet the desired 2013 entry-into-service date.
6
 

 

Chart 1: Regional Jet Announced Orders, 1997-2006
7
 

 

 

Chart 2: Regional Jet Deliveries, 1997-2006 

 
 

Outlook 

 

Though the major manufacturersðincluding Boeing and Airbusðforecast using different aircraft 

size categories, all seem to agree that demand for larger regional jets will outpace the demand for 

smaller regional jets in years to come.  In particular, the greatest amount of growth is forecasted for 

the market over 100 seats, and this is spurring the development of larger aircraft by the regional jet 

manufacturers (see above).  As yet unclear, however, is whether the four will all become direct 

competitors at the low-end of the single-aisle market, or whether Boeing and Airbus will focus on 

larger single-aisles.   

 

 

 

                                                 
6
 Leithin, Francis. ñSingapore 2008: Bombardier Hopes for C Series Launch this Year.ò February 19, 2008.  Available 

on the web at: http://www.flightglobal.com/articles/2008/02/19/221646/singapore-2008-bombardier-hopes-for-cseries-

launch-this-year.html 
7
 U.S. Department of Commerce analysis of RJ data from Speednews. 
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Figure 1: Mark et forecasts, 2007-2026 

Airbus 
 

Boeing 
 < 100 seats, incl. turboprops 6,153 < 90 seats 3,700 

җ 100 seats, single-aisle 16,620 90-175 seats 15,090 

Bombardier (all incl. turboprops) Embraer 
 20-59 seats 1,000 30-60 1,400 

60-99 seats 4,300 61-90 2,600 

100-149 seats 5,900 91-120 3,500 

 

 

The United States has typically been the largest market for regional jet deliveries, accounting for 

approximately 69 percent of aircraft delivered by Bombardier and Embraer.  Though North 

America should continue to be the largest market, industry forecasts predict that its market share 

will drop.  Europe/Russia and China are expected to be the next largest markets for deliveries, 

though even combined their market share will account for less than North Americaôs.   

 

Regional jet development is becoming increasingly global, with new projects under way in China, 

Russia, and Japan.  Both the Chinese and Russian aircraft are primarily intended to fill domestic 

demand and are approximately the same sizeðthe Chinese ARJ21 is 78-90 seats and the Russian 

Superjet is 75-95 seats.  A stretched version of the ARJ21 is planned that would increase its 

capacity to 105 seats.  The Japanese Mitsubishi Jet has not formally been launched, though a final 

decision is expected in April 2008.
8
  Given the relatively small size of Japanôs domestic aviation 

market, success of this aircraft program would be dependent on exports.   

 

The question of market share is an open one as the manufacturing field becomes more crowded. 

Even the most optimistic of the above forecasts predicts that on-average only 300 aircraft will be 

delivered per year with fewer than 100 seats.  The current regional jet manufacturers have been able 

to meet that level of production in the past.  The Chinese market is expected to absorb somewhere 

around 640 aircraft with fewer than 100 seats by 2026 and Russia/CIS less than 200.  Even if each 

countryôs demand goes entirely to its domestic manufacturer, on-average that means that they will 

deliver 32 and 10 planes per year, respectively.  Though that level of production may be sufficient 

as these programs start off, eventually they will seek new markets.  It is unclear whether or not 

those markets will materialize. 

 

Notable Developments 

 

The Chinese ARJ21 and the Russian Superjet both rolled-off the assembly line in the second half of 

2007, and both should be delivered to customers within the next two years.  The ARJ21 should 

begin flight testing in the first half of 2008 for delivery in September 2009.  The Superjet was 

scheduled to have its first flight in 2007, but it was delayed until early 2008.  The Superjet is still 

scheduled to enter into service by the end of 2008. 

 

 

                                                 
8
 Joeseph C. Anselmo.  ñMitsubishi Nears Regional Jet Launch Decision.ò Aviation Week and Space Technology. 

February 14, 2007.  Available on the web at: 

http://www.aviationweek.com/aw/generic/story_channel.jsp?channel=comm&id=news/MRJ02148.xml&headline=Mits

ubishi%20Nears%20Regional%20Jet%20Launch%20Decision. 
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Rotorcraft  
 

Overview 

 

The rotorcraft industry produces aircraft which are capable of performing vertical take-off and 

landing (VTOL) operations and are powered by either turboshaft or reciprocating engines.  The 

rotorcraft sector includes helicopters, gyrocopters, and tiltrotor aircraft.  Helicopters, which employ 

a horizontal rotor for both lift and propulsion, are the mainstay of the industry.   Gyrocopters are 

produced in much smaller quantities, primarily for use in recreational flying.  Tiltrotor aircraft can 

take off vertically and then fly horizontally as an airplane.   

 

Rotorcraft are produced in most industrialized countries, either of indigenous design, in 

collaboration with, or under license from, other manufacturers.  U.S. manufacturers of civilian 

helicopters include Bell, Enstrom, Kaman, MD Helicopters, Robinson, Schweizer, and Sikorsky.  

However, Bell moved its civilian helicopter production to Canada, with the last U.S. product 

completed in 1993.  European producers include AgustaWestland, Eurocopter, NHIndustries, PZL 

Swidnik.  Russian manufacturers of Mil and Kamov helicopters have been consolidated within 

OAO OPK Oboronprom (United Industrial Corporation).  There are several Asian companies which 

produce helicopters under license, assemble aircraft produced elsewhere, or produce helicopters of 

indigenous design for the domestic marketðprimarily military versions.  These include Hindustan 

Aeronautics (India), Indonesian Aerospace, Korean Aerospace, Kawasaki and Mitsubishi (Japan), 

and several Chinese entities (Chaig, CHRDI, GAIC, HAI and SSAC).   

 

U.S. Manufacturers 

 

Company Products 

Bell Helicopter civil & military helicopters, tiltrotors, unmanned aerial systems 

Boeing Rotorcraft Systems military heavy & attack helicopters, tiltrotors, UAVs 

Enstrom Helicopter piston & light turbine-powered helicopters 

MD Helicopters NOTAR
®
-equipped turbine-powered helicopters 

Robinson Helicopter light piston-powered helicopters 

Schweizer Aircraft piston & light turbine-powered manned & unmanned helicopters, fixed-

wing airplanes & airframe components 

Sikorsky Helicopter civil & military medium & heavy turbine-powered helicopters 

 

Foreign Competitors 

 

Company Products Country 

Eurocopter civil  turbine-powered helicopters Europe 

PZL Swidnik Single-engine, twin engine light & light-

medium turbine-powered helicopters 

Poland 

OAO OPK 

Oboronprom 

Mil and Kamov turbine-powered  light, 

medium and heavy helicopters 

Russia 
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Joint Ventures 

 

Company Products Country 

AgustaWestland civil & military turbine-powered 

helicopters 

Europe 

Bell/Agusta 

Aerospace 

civil tiltrotors U.S.-Italy 

NHIndustries military large turbine-powered helicopters Europe 

 

 

Market Trends 

 
Source:  Helicopter Association International, The Helicopter Market Newsletter, Turbine, December 2007. 

 

The year 2007 began with forecasts for steady growth in the civil helicopter market.  With large 

backlogs, most helicopter manufacturers faced the challenge of delivering those aircraft on time 

without putting undue pressure on their production facilities and suppliers.  Some producers of 

military helicopters (U.S. and foreign), especially had difficulties in making deliveries to their 

government customers.  The tremendous growth in the shipments of piston helicopters is due to 

Robinsonôs success in producing and selling an inexpensive model for the general aviation market.  

It has proven popular for training, observation use, and police work. 

 

While the subprime mortgage situation and the chance of a recession in the United States has 

adversely affected the ability of some customers to get their purchasing loans approved, the global 

rotorcraft industry is optimistic about future orders.  This optimism is supported by the fact that a 

large number of helicopters currently in operation are nearly thirty years old.  Major customers, 
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such as emergency medical service (EMS) providers and those that support offshore oil and gas 

exploration and production, are seeking new and replacement aircraft that meet the latest standards 

for safe design and onboard safety.   

 

Additionally, the market is much broader than it was during the last market downturn in the 1970s, 

so that a decline in one sector of the market is not likely to trigger a steep decline in overall 

helicopter demand. 

 

Moreover, Forecast International predicts that ñwithin the next 10 years, military and commercial 

rotorcraft production is expected to top 18,700 units worth some $121 billion, with European and 

American manufacturers in stiff competition for market share.  Bell is trying to mount a serious 

challenge to Eurocopter, which has made significant market inroads in recent years, particularly in 

North America.  Meanwhile, Enstrom, Eurocopter, MD Helicopters, Schweizer, and Sikorsky all 

have formed or are setting up joint ventures with Chinaôs industry in a trend that will only grow in 

the years ahead.ò
9
  Industry analysts and manufacturers hope that, following the 2008 Beijing 

Olympics, the Chinese government will loosen restrictions in their airspace for the development of 

general aviation, including helicopter operations within its borders. 

                                                 
9
 Forecast International.  https://www.forecastinternational.com/fistore/prod.cfm?ProductID=16445  

 

https://www.forecastinternational.com/fistore/prod.cfm?ProductID=16445
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Commercial Space 
 

Overview 

 

The commercial space market is dominated by a small number of large companies that provide 

launch services and manufacture commercial communications satellites.  Commercial remote 

sensing satellites are emerging within this market, but have seen limited growth internationally.  

The companies comprising this market are also major suppliers to U.S. Government programs, 

where demand has remained stable during the commercial downturn that occurred during from 2001 

to 2007. 

 

U.S. and Foreign Manufacturers 

 

Launch Company Vehicles/Products 2007 Commercial 

Launches 

2007 Total 

Launches 

Boeing Delta II, Delta IV, Sea 

Launch 

3 10 

Lockheed Martin Atlas V 0 4 

Arianespace Ariane 5 6 6 

International Launch 

Services 

Proton 7 7 

Orbital Sciences 

Corporation 

Pegasus, Taurus 

(lightweight) 

Minotaur 

0 2 

 

Four major companies dominate the launch market: Boeing, Lockheed Martin, Arianespace 

(Europe) and International Launch Services (Russia). Boeing and Lockheed Martin also provide 

launch services to U.S. Government customers on their Delta and Atlas rockets, through the United 

Launch Alliance (ULA) joint venture.  ULA uses the same Atlas 5 rockets that are marketed 

commercially as well as the Delta 4 rockets that could re-enter the commercial market if 

commercial launch prices rise globally.  ULA is structured as a 50-50 joint venture, and is estimated 

to provide an annual savings to the government of approximately $100-150 million.   

 

Since Lockheed Martinôs 2006 sale of its interests in International Launch Services (ILS) to Space 

Transport, Inc., ILS no longer offers marketing or technical assistance for U.S. built Atlas launch 

vehicles. ILS now offers assistance only with Russian-built and Proton launches.  Space Transport, 

Inc., is seeking to return some of its stake in the venture to Russiaôs Khrunichev, the manufacturer 

of the Proton launch vehicle. 

 

In addition to providing lightweight launch vehicles, Orbital Sciences has carved out a niche in the 

small- to medium-sized communications satellite sector, and attracts mid-range customers who do 

not require the power and capability of a large, state-of-the-art satellite.  It is likely that this market 

niche will continue to grow over the next few years. 

 

Several entrepreneurial companies, such as SpaceX, Air Launch, Transformational Space, KT 

Engineering, and Bigelow Aerospace, are developing new launch vehicles and satellites that are 
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intended to lower launch costs and support NASAôs Vision for Space Exploration.  Most have only 

minimal financing, and have not moved beyond the initial program design stage.  However,  

SpaceX is an American entrepreneurial firm that is privately developing the Falcon family of launch 

vehicles.  SpaceX currently has contracts for up to twelve launches, seven of which are for 

commercial customers.
10

   

 

Market Trends 

 

In 2007, 68 total orbital launches took place globally, of which 23 were commercial launches.
11

  

Four of the commercial launches were performed by U.S. ventures.  Boeingôs Russian-built Sea 

Launch conducted one launch and Boeingôs U.S.-built Delta II conducted the other three.  

Unfortunately, Sea Launch suffered a failure during this attempt, and the SES New Skies satellite 

on board was lost.  Arianespace launched 12 satellites on 6 commercial launches.
12

  Russiaôs Proton 

rocket launched four commercial satellites on four launch vehicles.  These figures demonstrate the 

stiff competition between European- and Russian-manufactured rockets in the commercial market 

and the recent focus on government launches for U.S.-built rockets. Data have begun to indicate 

that recent increases in Russian and European commercial launch prices are nearly high enough to 

make U.S. commercial launch prices competitive again internationally.  Commercial launch 

revenues totaled nearly $1.55 billion in 2007, an increase of $125 million, or nearly 9 percent, over 

2006.
13

 

 

The 68 total global launches carried 117 spacecraft into orbit in 2007.  Of those 117 spacecraft, 30 

provide commercial broadcast and communications services, while the remaining spacecraft 

perform other scientific or government functions.
14

  

 

In the commercial communications satellites sector, U.S. companies have captured approximately 

70 percent of the commercial market over the past 5 years, with European companies striving to 

gain market share.
15

 U.S. market share appears to be declining due to export control concerns and 

European technological advancements.  In response to export control concerns, Europeôs Thales has 

developed a satellite that contains no U.S. components, thereby allowing it to be launched from 

China at price lower than current Western market prices.  While the United States maintains a small 

cost advantage (aided partly by the weakness of the dollar), this advantage has been shrinking as 

Europe produces a greater number of satellites and gains more technological expertise.  Boeing, 

Lockheed Martin, Orbital Sciences, Thales-Alcatel, Astrium, and Loral Space and Communications 

dominate the market.  Several factors will impact the demand for telecommunications services over 

the next 5-10 years including the overall economic conditions, new market applications, 

competition with other non-space-based services (such as cable television), data compression 

technology, regulatory barriers, emerging competitors and the new trend towards investment firmsô 

ownership of services companies.
16
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In the commercial remote sensing satellite sector, the major communications satellite manufacturers 

listed above as well as Ball Aerospace and Northrop Grumman have the capability to build state-of-

the-art imaging satellites.  No U.S. company has sold one of these satellites to an international 

customer, even though the 2004 national policy on remote sensing encourages trade in this sector.  

Export control concerns and indecision and/or lack of funding from foreign customers are the main 

reasons for the slow emergence of this market.   

 

Domestically, two U.S. companiesðGeoEye and Digital Globeðown and operate imaging satellite 

systems and sell the data commercially.  The companiesô success still hinges on purchases from 

their main customer, the U.S. Government.  This government-customer focus will not change in the 

near term, but will slowly diminish as new applications are developed for commercial use, such as 

commercial mapping, mineral exploration, insurance appraisals, journalism/news media, and 

agriculture.   

 

The satellite radio sector has also seen steady growth over the past few years.  Two U.S. 

companiesðXM Radio and Siriusðdominate the satellite radio market.  In February 2006, they 

announced plans to seek approval from the Federal Trade Commission to merge their operations.  

The Justice Department approved the merger on March 24, 2008. 

 

China has had the ability to launch commercial satellites since the late 1980ôs, but has not 

conducted a commercial launch since 1999, mainly due to difficulties with export controls.  More 

specifically, due to Tiananmen Square sanctions that remain in place, U.S. satellites being shipped 

to China for launch must receive a waiver from the President before shipment.  When faced with 

such a difficult requirement, satellite customers have chosen other launch providers instead.  The 

new European satellites containing no U.S. components will allow China to re-enter the commercial 

market, and several contracts have already been signed.  With the appearance of these satellites, 

China likely will link low-cost launches with its satellite sales in Asia.  Given the continued strong 

competition in the satellite market, China will only win these contracts with extremely low prices, 

negatively impacting U.S. manufacturers.  China has also worked with Brazil and Europe to 

develop advanced satellite technology and is expected to begin offering low-cost, mid-size satellites 

on the international market within five years.   

 

India has stated a strong interest in entering the commercial launch services market.  In 2007, India 

performed one launch for the Indian Government, on its Polar Satellite Launch Vehicle (PSLV) 

rocket.
17

  Because of Indiaôs launch vehiclesô limited capabilities and size, India likely will not gain 

a significant portion of the market in the short term.  India intends to enter the commercial 

communications satellite market, and has already manufactured several communications and remote 

sensing satellites for the government use.  India is now actively seeking international customers and 

has begun working with Russian and European companies on several programs.  India has also 

explored joint ventures with U.S. and European companies to build communications satellites.  The 

U.S.-India High Technology Cooperation Group (HTCG) is exploring areas in which cooperation in 

the space sector can be increased between the two countries.  Areas being considered are space 

research and development, joint satellite production and the ability to launch U.S. satellites and/or 

components on Indian rockets.
18

   

 

                                                 
17

 ñ2007 Year in Review,ò Federal Aviation Administration, Office of Commercial Space Transportation, January 2008. 
18

 http://www.bis.doc.gov/InternationalPrograms/IndiaCooperation.htm  

http://www.bis.doc.gov/InternationalPrograms/IndiaCooperation.htm


 18 

Japan conducted no commercial launches in 2006, but is hopes to become a commercial participant 

in the future.  Unfortunately, reliability problems with the H-2A rocket and high costs of production 

have kept Japan from being competitive in this market to date. 

 

A few U.S. states are also exploring building commercial ñspaceportsò, for commercial launches 

and space tourism flights.  The FAA is currently reviewing safety factors impacting such facilities.  

The states that are interested include New Mexico, California, Florida, Virginia and Oklahoma, 

among others.  

 

Trends 

 

Satellite manufacturers are benefiting from a sudden turnaround in the market, which has included a 

return to historic satellite order levels.  To meet customersô increasing demand for all types of 

satellite services, satellites are being built larger and heavier in order to provide greater capability 

and longer satellite lifetime.  In turn, these satellites require larger, heavier launch vehicles.  Greater 

size reduces the likelihood of launching two satellites on one launch vehicle, a practice that was 

more common in the 1990s.  However, the greater size has initiated a resurgence of demand for 

heavy launch vehiclesðwhich are now developing backlogs and raising prices.  Prices for 

intermediate to heavy class launches on several recent competitions have increased from 

approximately $50 million to $80 million in the last two years.  On the other hand, Orbital Sciences 

has carved out a niche market providing small- to medium-sized satellites to customers requiring a 

smaller amount of capacity. 

 

Even though the commercial market is recovering, USG satellite and launch purchases will remain 

very important for U.S. companies who rely upon government business to balance the highs and 

lows of the commercial sector.  However, the unreliable schedule associated with government 

launches and the 2006 move from ñlot buyò purchases to annual awards for launches will negatively 

impact second and third-tier suppliers.  The result is that the overall price associated with those 

launch vehicles will be higher because of the inability to take full advantage of rate and quantity 

discounts from critical suppliers.  Additionally, the merger between Pratt & Whitney and 

Rocketdyne, the countryôs major suppliers of rocket engines, limits the ability of U.S. launch 

vehicle manufacturers to negotiate better prices for propulsion, unless a lot buy is arranged. 

 

There are several factors that may stimulate growth in the launch market.  For instance, if NASA 

decides to rely mainly upon the use of commercial suppliers to deliver cargo and supplies to the 

International Space Station, the market could get a significant annual boost.  NASAôs Commercial 

Orbital Transportation Services (COTS) program would coordinate the commercial delivery of crew 

and/or cargo to the International Space Station.  This type of service is very important to NASA 

because the Space Shuttle is scheduled to be retired in 2010, leaving the Space Station to be re-

supplied only by Russian rockets.  NASA selected SpaceX in August 2006 and Orbital Sciences in 

February 2008 as the winners for Phase 1 of COTS.  The winners will engage in Space Act 

agreements through 2010, but must meet performance milestones in 2008.   

 

During the early to mid 1990ôs, the telecommunications boom encouraged a large number of 

entities around the globe to enter the market, but the late 1990ós downturn created huge 

oversupplies in the launch and satellite sectors, which eliminated normal profit margins through 
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2005
19

 and resulted in reduced launch prices.
20

  Over the past two years, those prices have nearly 

returned to the mid-1990ôs prices due to a resurgence of demand for satellite telecommunications 

services.  Prices are expected to continue to rise slightly before stabilizing.  Prices could continue to 

increase sharply if another launch failure were to occur and/or Russia limited access to its vehicles 

(Proton, Zenit for Sea Launch and Land Launch, and Soyuz).   

 

The oversupply and extremely low launch prices also pushed the U.S. manufactured launch vehicles 

out of the commercial launch business.  As launch prices returned to higher levels, U.S.-built 

rockets have again become more competitive internationally.  This may provide Boeing an 

opportunity to offer its Delta 4 rocket in commercial competitions.  Following the telecom market 

crash, only two telecommunications behemoths (composed of many entities) remained:  SES Astra-

GE Americom-New Skies and Intelsat-PanAmSat-Loral Satellite Services.  Moreover, this sector 

continues to compete with non-space based solutions which can meet the same high-technology 

needs, such as cellular phones, cable television and other information technologies.  

 

Investors generally remain leery of space, due to the sectorôs high risk and low returns on 

investment.  However, investments in telecommunications satellite systems in 2006 are pointing 

towards a return in investor confidence in this sector, and investment in some systems is increasing.  

As demand for these services increases, emerging launch providers such as India, China and small, 

entrepreneurial ventures may find opportunities to enter the launch and satellite markets. 

 

Another trend having an impact on the market is the increased interest from entrepreneurial 

manufacturers to develop low-cost alternatives to the established launch providers and opportunities 

for space tourism.  With the successful flight of Space Ship One and the recent release of Space 

Ship Two from Virgin Galactic, as well as the ongoing competitions sponsored by the Federal 

Aviation Administration (FAA) and private organizations to develop new technologies, this sector 

has seen been reenergized.  However, to turn these demonstration launches into successful 

suborbital and/or orbital space tourism operations will require huge investments, the development of 

new safety and operational guidelines, and the ability to use new technologies regularly and at a 

reasonable cost.  With short space tourism flights currently predicted to cost approximately 

$200,000 per person per flight, space tourism remains only in the grasp of millionaires.
21

  This 

market will remain small for at least 10 years, but advances in innovation will spur further research 

and development.  Nonetheless, the FAA is already developing guidelines and regulations for the 

safe operation of such commercial flights.   

 

The more stringent enforcement of U.S. export control policies in the late 1990ôs and the 

international perception that U.S. export licensing laws would negatively impact a customerôs 

ability to acquire a U.S. satellite appears to have hurt the ability of U.S. satellite manufacturers to 

compete internationally.  U.S. market share appears decreased below 70 percent, mainly due to 

export control concerns and the development of satellites that contain no U.S. components.  Even 

though larger companies have learned to manage export control requirements, they remain a heavy 

burden for smaller companies and entrepreneurial ventures that lack expertise in this area.  As 

mentioned above, Europeôs response to the U.S. export control policies has been to develop 

communications satellites that do not contain any U.S. components.  A small number of these 

satellites have been sold, highlighting international concern about buying from the United States.  
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Europeôs response has probably had the greatest impact on second- and third-tier suppliers who are 

no longer supplying to European customers while simultaneously watching U.S. market share 

decline. 

 

Another factor influencing the industry is the desire for national security spacecraft to have the 

ability to be launched ñon demandò.  The Department of Defense and the commercial industry are 

working together to develop guidelines that would encourage ñoperationally responsive launchò.  

Given that manufacturing a launch vehicle and/or a satellite requires 12-18 months, this goal wonôt 

be achieved for at least 10 years and will take substantial investments in inventories and production 

lines, which is unlikely in the near term given the current limited investment climate. 

 

Between 2004 and 2006, President Bush signed five policies supporting the space sector, including 

an overarching National Space Policy (NSP).  The NSP provides guidance to all space sectors on 

overarching functional and policy issues.  Examples of such issues are acquisition management, 

strengthening the industrial base, competitiveness and a healthy workforce.  The policies address 

the remote sensing; space-based positioning, navigation and timing (also known as GPS); and space 

transportation industries.  The Vision for Space Exploration directs NASA to return humans to the 

Moon by 2020 as a stepping-stone to explore Mars.  Each of these policies states that the USG will 

not develop systems that will directly compete with the commercial industry and that the USG 

should seek to rely upon commercial solutions when possible.  The policies also state that USG 

satellites and spacecraft should be launched upon U.S. launch vehicles, except under specific 

international cooperation situations.  Enforcement of these and other similar policy guidelines will 

be essential to promoting the health and growth of this industry, especially while the commercial 

market remains flat. 

 

Future Trends 

 

Due to the limited size of the launch market, and the small nature of contracts, there are no ongoing 

competitions that would have a fundamental impact upon the international commercial market.  The 

Commercial Orbital Transportation Systems (COTS) program may have a strong impact on the 

small, entrepreneurial launch sector, but that will be determined by the final size and scope of the 

program.  Two winners, SpaceX and Orbital Sciences, are developing systems to demonstrate 

delivery and return of cargo to the International Space Station.  If successful, NASA could use 

commercial providers to resupply the International Space Station with cargo following the planned 

2010 retirement of the Space Shuttle.  Depending upon how NASA decides to work with U.S. and 

foreign industry partners on this and other aspects of the Vision for Space Exploration programs, 

U.S. companies could receive a large amount of work, which would have a substantial impact on 

the health of the sector, though not the ñcommercialò market.   

 

Arianespace is expected to remain the leader in the commercial launch services sector, due to 

competitive pricing and a reliable launch vehicle.  In addition to Ariane 5 launches, Arianespace 

will soon offer launches of the Russian Soyuz rocket and the Vega rocket from its Spaceport in 

French Guiana.
22

  The Soyuz is planned to have its inaugural launch from French Guiana in late 

2008.  That project is co-funded by the European Space Agency, the European Union, Arianespace 

and Russia.   
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General Aviation 
 

Overview 

 

U. S. general aviation manufacturers shipped 4,272 units in 2007, beating the previous yearôs total 

and marking the best year for general aviation since 1982.
23

 Exports represented almost 35 percent 

of total U.S. production and over 38 percent of total billings.  Worldwide, estimated billings were 

up 16.6 percent over 2006 to $21.9 billion.  As predicted, business jet shipments topped 1,000 for 

the first time in history.  Industry analysts expect growth in that sector to continue. 

 

Though North America is expected to remain the top market for aircraft sales, over half of general 

aviation aircraft deliveries are now made to overseas customers.  The European Union remains the 

next biggest market, but growth in other areas, particularly Asia and the Middle East, is expected to 

be significant in years ahead. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trends 

 

2007 brought continued solid growth in the general aviation market, with billings reaching an all-

time high of $21.9 billion worldwide.  By number of units, piston airplanes remained the largest 

segment of the market, accounting for 68 percent of airplanes shipped.  However, by billings, piston 

aircraft are by far the smallest segment at $897 million, trailing both jets at $19.4 billion and turbo-

props at $1.58 billion.  In addition, shipments of piston aircraft actually declined slightly in 2007 
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 Unless otherwise noted, all statistics and figures are taken from the General Aviation Manufacturers Associationôs 

General Aviation Statistical Databook, 2007.  

General Aviation Manufacturers  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gulfstream 

Hawker Beechcraft (ex-Raytheon) 

Liberty Aerospace 

Maule Air Incorporated 

Mooney Aircraft 

Pacific Aerospace Corporation 

Piaggio 

Pilatus 

Piper Aircraft, Inc. 

Quest Aircraft Company 

Sino Swearingen 

Socata EADS 

Symphony Aircraft 

Tiger Aircraft 

Adam Aircraft 

Airbus 

Alpha Aviation 

American Champion 

Aviat Aircraft 

Boeing Business Jets 

Bombardier 

Cessna Aircraft Company 

Columbia Aircraft (now part of Cessna) 

Cirrus Design Corporation 

Dassault Falcon Jet 

Diamond Aircraft 

Eclipse Aviation 

Embraer 

Gippsland Aeronautics 

 

Company data from the General Aviation Manufacturers Association. GAMA estimates their data 

covers over 90 percent of the total market. 
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(down nearly 3 percent), while shipments of both jets and turboprops grew (up 22.1 and 11.4 

percent, respectively). 

 

Approximately 77 percent of all general aviation aircraft shipped in 2007 was made in the United 

States, down one percent from last year.  U.S. market share has been declining since 2001, and the 

average growth rate of U.S. shipments from 2001-2007 was 4.4 percent.  By contrast, the average 

growth rate for the rest of the world during that time period was 18.3 percent.    

 

As with large aircraft sales, economic growth is the major factor in the health of the general aviation 

industry.  Given the costs involved, businesses tend to purchase a new plane or replace an old one 

when the economy is strong and profits are up. The chart below indicates that in recent years, 

changes in the general aviation market tend to lag economic growth by one year.  General aviation 

shipments thus suffered during the recessions in the early 1990s and early 2000s, and recovered 

when the economy grew during the second half of the decade.   

 

Chart 3: Global GDP Growth and U.S. General Aviation Shipment Growth, 1980-2006
24

 

 
 

Outlook 

 

Despite a sluggish U.S. economy, forecasters are not yet predicting a downturn in the general 

aviation market, at least not for business jets.   Honeywellôs Business Aviation Outlook called for 

slightly lower purchase expectations in North America, but greater expectations for purchases in 

other regions.
25

  Rolls-Royceôs September 2007 Outlook also predicts increased purchases of 
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business jets coming from abroad
26

, and both estimate that by 2017, around 14,000 new jets will be 

delivered.   

 

The FAA estimates that the business jet fleet will grow at an average of 6 percent per year through 

2020, while growth in the piston and turboprop markets will be relatively stagnant at 0.3 percent 

and 0.6 percent per year, respectively.
27

  Since the turboprop market actually grew at a rate similar 

to the business jet market from 2000-2006 (5.7 percent per year vs. 6.2 percent per year), 

presumably the expectation is that some old turboprop customers may turn to smaller jets.   

Figure 2: Fixed-wing Turbine Business Aircraft Operators by Region, 2003
28

 

Region Number of Operators 

North America 10,982 

Europe 1,255 

South America 979 

Central America 485 

Africa 379 

Asia and Middle East 332 

Oceania 143 

 

Figure 3: Fixed-wing Turbine Business Aircraft Fleet by Region, 2003
29

 

Region Number of Planes 

North America 16,650 

Europe 2,378 

South America 1,255 

Rest of World 2,560 

 

Though expectations remain high for the Asian market, much of the near term growth is being 

driven by a significant number of orders from the Middle East.  The emergence of a strong business 

aviation community in the rest of Asia has been hampered by regulation, taxes and tariffs, and an 

aversion to what are perceived to be ostentatious luxury items.  Given the role general aviation 

could play in increasing access to more remote locations in Asia, as well as the continued strong 

economic performance of Asian markets, manufacturers are hopeful that sales in this region will 

accelerate (see next section). 

 

Purchase expectations are also strong in Latin America and Europe, aided in part by the weak 

dollar.  Aircraft vendors have noted increased interest in business jets from clients in Eastern 

Europe and Russia.  Eclipse Aviation expects that its less expensive very light jet (VLJ) will be 

particularly attractive in this market and is currently considering sites for an assembly facility in 

Russia.  ETIRC Aviation, a subsidiary of the European Technology and Investment Research 

Center (ETIRC), which provides sales and support services for Eclipse aircraft in Eastern Europe, 
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Russia, and the Commonwealth of Independent States, booked a large sale of Eclipse jets in May of 

2007
30

 to launch an air taxi service in Turkey.   

 

Notable developments 

 

The new markets are playing an increasingly important role for general aviation manufacturers, not 

only in terms of increased sales but also for manufacturing.  Like Eclipse, several general aviation 

manufacturers have already built or are considering new facilities abroad.  In 2005, Diamond 

Aircraft announced a joint venture with a local government to produce piston aircraft in China; the 

facility received certification from the European Aviation Safety Agency (EASA) in February 2008.  

In late 2007, Cessna announced that it would produce its new light sport aircraft in China, with 

engines and avionics shipped from the United States.  The finished planes will be shipped back to 

the United States in pieces for reassembly at designated facilities.  Indian entrepreneur Vijay Mallya 

acquired a 50 percent stake in Oregon-based Epic Air, an experimental aircraft manufacturer which 

has been developing very light jets.  After announcing the deal in September 2007, some press 

reports indicated that Mallya was considering setting up an additional manufacturing facility in 

India.  A motivating factor for most of these endeavors is to build market share by producing 

aircraft in the target market. 

 

The very light jet (VLJ) market continues to garner significant attention, with industry forecasts 

predicting between 3,000 and 7,000 thousand aircraft to be delivered over the next few decades.  

However, as noted in a recent GAO report
31

, the estimates for VLJs vary wildly due to different 

assumptions and limited information.  In particular, there are varying definitions as to what 

constitutes a VLJðsome forecasts actually place the two current VLJs available for sale (from 

Cessna and Eclipse) in separate categories.  Depending on how the market segments come to align 

in practice, manufacturers such as Diamond, Cirrus, Piper, Epic, and Embraer may eventually find 

themselves competing for the same customers.  Some industry analysts are already concerned about 

the number of companies investing in VLJs, and in February 2008, the industry had its first 

casualtyðAdam Aircraft, which had already launched a turboprop version of its aircraft, shuttered 

its Colorado facility after having already closed the facility in Utah.  Critical to the success of the 

remaining companies is the viability of the new air taxi business model, which is being marketed as 

a way business travelers can avoid the inefficiencies of airline travel. 

 

Policy debates on both sides of the Atlantic are having significant effects on the general aviation 

community.  In the United States, the debate over FAA funding has pitted general aviation against 

the airlines as both sides question the equitableness of various funding mechanisms.  Though the 

debate seemed to have been decided to the general aviation communityôs liking in 2007, it will 

likely be reinvigorated in 2009 due to elements of the Administrationôs budget proposal.  In Europe, 

the debate over greenhouse gas emissions has included general aviation for the first time.  Early 

drafts of the European Commissionôs proposal covering aviation in the EUôs emissions trading 

regime excluded all but the largest business jets, later versions encompassed all aircraft over 5,700 

kg (12,566 lbs) which includes most business jets.  Business jets seem to have been caught up in the 

general backlash against aviation in Europe, which is experiencing expansion resulting from 

deregulation similar to what the United States experienced over 15 years ago.  GAMA estimates 

that general aviation is responsible for 0.2 percent of total global greenhouse gas emissions.   

                                                 
30

 120 firm orders with an option of 60 more. 
31

 Government Accountability Office. Very Light Jets. GO-07-1001. August 2007.  Available on the web at: 

http://www.gao.gov/new.items/d071001.pdf 



 25 

Engines/Powerplants 
 

Overview 

 

The large civil aircraft jet engine market is dominated by a few individual manufacturers and 

several joint ventures comprised of one or more of these players along with a smaller company or 

companies.  With one exception, the major engine manufacturers are a part of diversified 

corporations
32

 producing engines for both civil and military aircraft, either alone or as part of one or 

more joint ventures.   

 

U.S. and Foreign Manufacturers 

 

Three major manufacturers dominate the large commercial jet engine market.   

 

Company  Products 2007 

Revenue 

(million) 

2007 Income 

(millions) 

2006-2007 % 

Change in 

Income 

General Electric 

(Parent of GE 

Aviation) 

Turbofan, turboprop, 

and turboshaft engines 

for a variety of civil 

and military aircraft;  

aeroderivative 

industrial and marine 

gas turbines    

$172,738 $22,208 6.62 

United 

Technologies 

Corp.  (Parent of 

Pratt & Whitney) 

Turbofan and 

turboprop engines for 

a variety of civil and 

military aircraft; 

rocket engines; 

aeroderivative 

industrial and marine 

gas turbines    

$57,549 $4,224 13.18 

Rolls-Royce 

PLC 

Turbofan, turboprop, 

and turboshaft engines 

for a variety of civil 

and military aircraft;  

aeroderivative 

industrial and marine 

gas turbines    

£ 4,038 

($7,945)* 

£ 564 

($1,110)* 

8.67 

*At an exchange rate of £1 = $1.97 

 

Of the three companies listed above, General Electric Aviation (GE Aviation) and Pratt & Whitney 

are the two largest U.S. manufacturers. Rolls-Royce PLC (United Kingdom) is the largest non-U.S. 

producer.     
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Joint Ventures  
 

The dominant engine manufacturers also participate in various joint ventures.  These ventures are 

formed to capitalize on emerging market demand for engines, while at the same time allowing 

partners to share development and production costs along with risk.   

 

 

Company  Partners and Ownership Percentages 

The Engine Alliance  GE Aviation ï 50% 

Pratt & Whitney -50%  

CFM GE Aviation ï 50% 

Snecma Moteurs ï 50% 

International Aero 

Engines (IAE) 

Rolls-Royce ï 32.5% 

Pratt & Whitney ï 32.5% 

Japanese Aero Engines Corporation ï 23% 

MTU Aero Engines -12% 

PowerJet NPO Saturn JSC ï 50% 

Snecma Moteurs ï 50% 

 

CFM International, a joint venture of GE Aviation and Snecma Moteurs of France, produces the 

CFM56, which is used in various Boeing and Airbus aircraft and is the sole engine option for the 

Boeing 737.  International Aero Engines AG, a consortium comprised of Pratt & Whitney, Rolls-

Royce, German engine manufacturer MTU Aero Engines GmbH and the Japanese Aero Engines 

Corporation, produces the V2500 engine for use in the Airbus A319/A320/A321 aircraft.  The 

Engine Alliance, a 50/50 joint venture between GE Aviation and Pratt & Whitney, was formed to 

produce an engine for the Airbus A380. 

 

A recent entrant in the engine joint venture competitive landscape is PowerJet, a 50/50 joint venture 

between Snecma Moteurs and Russian engine manufacturer NPO Saturn JSC.  PowerJetôs entry into 

the jet engine market is significant as it is representative of the Russian civil aviation/aerospace 

industryôs efforts to compete with U.S., EU and Japanese manufacturers as a viable alternative for 

commercial aircraft, engines and other components.  PowerJetôs initial offering, the SaM146 

engine, is being developed for use in Russian aircraft manufacturer Sukhoiôs SuperJet 100.  

PowerJet hopes to find additional regional jet customers for this engine as well as to develop 

additional variants.
33

     

 

With the exception of Rolls-Royce, EU and Japanese engine manufacturers compete mainly through 

their holdings in joint ventures.  Most notably, as a 50/50 partner with GE Aviation in CFM 

International, Snecma Moteurs of France maintains a significant market presence.  In addition, 

MTU Aero Engines GmbH of Germany, along with the Japanese Aero Engines Corporation, 

maintains a presence via its equity holdings in IAE. 
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Since no Russian engine manufacturers produce engines for use on Boeing or Airbus aircraft, the 

impact of Russian jet engines on the LCA jet engine market is negligible.  As discussed above, 

however, Russian manufacturers are looking to participation in joint ventures in order to gain access 

to the global aircraft engine market.
34

   

 

China possesses a growing market of small domestic aircraft engine parts manufacturers, along with 

a number of established major manufacturing entities.  However, since only a small percentage of 

Chinese aircraft parts manufacturers are capable of manufacturing parts that meet international 

aviation quality standards, at this time Chinese manufacturers have no measurable impact on the 

LCA jet engine market.
35

    

 

Market Trends 

By definition, market trends in the aircraft engine market are linked to aircraft sales.  Boeing and 

Airbus, the two LCA manufacturers, typically have two engine options for each model offering, 

except the Boeing 737.  The same situation exists for most regional jet aircraft.  Therefore, an end 

user-customer could, and often does, purchase a U.S.-manufactured Boeing 747 aircraft and equip it 

with UK-manufactured Rolls-Royce engines.  Similarly, customers choose to equip Airbus aircraft 

such as the A330 and A320 with Pratt & Whitney and CFM 56 engines respectively.  The end result 

of this de-linking of aircraft and engine selections is a market with no clear line between U.S. made 

and foreign made products. 

General trends in the large civil aircraft market remained unchanged in 2007.  In the delivery 

segment, GE Aviation, Rolls-Royce and CFM
36

 currently lead the LCA jet engine market on both a 

unit and total value basis.  CFMôs strength in the market is driven by current and projected high unit 

sales of the CFM 56 engine.  As the CFM 56 is the sole engine choice for the entire Boeing 737 

series and is also used in a number of Airbus aircraft, deliveries of the engine should remain high 

for the foreseeable future.   

On the other hand, GE Aviation and Rolls-Royceôs current strength and projected growth are 

predicated upon higher per unit engine prices.  GE Aviationôs market share is largely built on 

deliveries of its CF6 and GE90 engines, which power the Boeing 747, 767, and 777 and multiple 

Airbus aircraft.  Rolls-Royceôs market position is based upon sales of the companyôs Trent series of 

engines, which are used in the Boeing 747, 757, 777 and 787 Dreamliner and Airbus A330, A340, 

and A380.  Rolls-Royce is also developing the Trent XWB engine for the redesigned A350XWB. 

Pratt & Whitneyôs position as the second-largest aircraft engine manufacturer in the United States is 

increasingly based on its revenue from military sales and commercial aftermarket services.  Two of 

the companyôs most promising aftermarket services offerings are its Global Material Solutions 

business unit, which offers maintenance, repair and overhaul (MRO) services for the CFM 56 

engine offered by its competitor CFM, and EcoPower, a closed-loop, environmentally friendly 

engine wash service that results in improved engine fuel economy and performance.  Pratt & 

Whitneyôs most promising new product is its geared turbofan (GTF).  The GTF offers significant 

fuel consumption savings over similar size engines, and the company is working with NASA to 
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demonstrate the engineôs ability to use alternative, non-petroleum based aviation fuels.
37

  The 

company has experienced decreasing sales of commercial engines and commercial engine spare 

parts, with the most notable loss being its non-selection as one of the two companies (GE Aviation 

and Rolls-Royce) selected to build engines for the Boeing 787.     

 

Regarding the number of engines in service, Pratt & Whitney is currently the market leader, but the 

companyôs lead is projected to give way to competitors as newer engine models begin service and 

older model aircraft are retired.  The effect of this competition could be somewhat modest as Pratt 

& Whitney is a partner in both the Engine Alliance and IAE.  From these cooperative efforts, Pratt 

& Whitney still stands to benefit from the introduction of new aircraft and engines.  In addition, 

Pratt & Whitney has already secured two launch customers for its GTF engine and is looking to find 

additional customers.
38

  As the only engine suppliers for the Boeing 787, GE Aviation and Rolls-

Royce have an opportunity to capitalize on their position if their respective engines perform as 

expected.   

 

Outlook 

 

The overall outlook for the global jet engine market is for increasing cooperation across 

manufacturers, resulting in more joint ventures and, in the case of EU-based/Euro-denominated 

manufacturers, production shifts towards lower-cost, dollar-denominated countries.  

 

The prevalence of joint ventures in the aircraft engine industry will continue.  As mentioned 

previously, aside from a few large manufacturers, the industry is comprised of a number of joint 

ventures amongst the large manufacturers and smaller competitors.  New mergers like the PowerJet 

venture between Russian manufacturer NPO Saturn JSC and Snecma Moteurs of France will 

continue to form as the next generation of narrow-body aircraft come online, augment and 

ultimately replace existing aircraft.  In addition, Pratt & Whitney will use its own joint venture 

channel to market its GTF engine through its membership in IAE, as German manufacturer (and 

fellow IAE member) MTU is working closely with the company on product testing.
39

    

 

Another emerging trend relates to sales of Airbus aircraft.  Anecdotal evidence from various U.S. 

engine manufacturers indicates that Airbus has begun linking aircraft sales to engine selection.  

More specifically, Airbus has begun to rely on a ñpackageò of Airbus aircraft and Rolls-Royce 

engines.  The package price is contingent on the end-user/customer selecting Rolls-Royce engines 

in conjunction with the Airbus aircraft at the time of purchase.  Previously, engine selections were 

not typically linked to the aircraft selection and purchase, and the customer was free to make the 

engine selection on factors such as acquisition cost, fuel efficiency, MRO availability and life cycle 

costs.  Generally, Rolls-Royceôs aircraft engine sales proposals focus more on acquisition cost and 

less on the downstream expenses involved with MRO and overall life cycle. Therefore, an EU 

aircraft and engine pair (e.g. Airbus/Rolls-Royce) provides the pair with bargaining leverage, both 
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from a country-of-origin and acquisition cost perspective.  Although the same opportunity may exist 

for packaging U.S.- made aircraft and engines together, this trend will almost certainly prove more 

challenging to U.S. engine manufacturers, as U.S. engine manufacturers are much more focused on 

the downstream cost benefits of their engines and typically do not compete solely on an acquisition 

cost basis.  

   

Notable Developments 

 

The most notable development that could influence the global jet aircraft engine industry is the 

creation of an open joint stock company by the Russian Federation consolidating many of the state-

owned aerospace companies under a single entity.  This consolidated entity, the United Aircraft 

Corporation (UAC), has moved quickly to transform and revitalize the Russian aviation industry 

and has positioned itself as both a formidable competitor and potential partner in the global aviation 

market.  Partnerships such as the PowerJet joint venture, as well as future cooperation between the 

United States, EU and UAC on development of next generation civil aircraft will certainly open up 

new business opportunities for the aircraft engine industry. 

 

Over the longer term, development of a Chinese large civil aircraft industry will certainly have an 

impact on the global aircraft engine business.  Chinese aviation industry and government officials 

have stated that they plan to produce an indigenously designed and manufactured civil aircraft by 

2020 that will be powered by Chinese designed and produced engines.  The Chinese do not 

currently produce a suitable engine in the size and thrust range for an LCA application, so the 

possibility exists for collaboration and/or joint ventures similar to those described above.   

 

Aside from ascendancy of competitors outside the United States and EU, the most significant 

development with potentially long-term impact is monetary in nature.  The weakness of the U.S. 

dollar and corresponding rise of the Euro has compelled Rolls-Royce to shift its industrial base 

away from the United Kingdom to lower-cost, dollar-denominated markets.  Rolls-Royce CEO Sir 

John Rose recently noted:   

 

"Ninety per cent of our revenue comes from outside the UK, and the 

manufacturing balance will continue to move that way... Over time we will 

increasingly ensure that our supply chain is either dollarized or low-cost so 

that we can get a hedge against the dollar."  

 

Although Rolls-Royce has not announced any specific plans with regard to production shifts or 

plants closings, the move toward dollar-based production is already in progress.  Aside from 

probable job loss in the United Kingdom due to plant closings, the more important impact of the 

shift is that it will make Rolls-Royce products increasingly price competitive against U.S. 

manufactured engines and less exposed to currency fluctuations.
40
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Unmanned Aircraft Systems (UAS) 
 

Overview 

 

Unmanned Aircraft Systems (UASs) are air vehicles and associated equipment that do not carry a 

human operator, but instead fly autonomously, or are remotely piloted. UASs must be considered in 

a systems context (Figure 1).  A UAS ñsystemò includes the remote human operator(s), a command, 

control and communications (C3) system as well as the air vehicle, or multiple vehicles. 

Figure 1. Conceptual UAS System
41

 

 

There currently is no widely accepted common classification system for UAS vehicles or systems 

due to the wide variety of capabilities, size, and operating characteristics of different systems.  Most 

UASs are described in terms of weight, endurance, purpose of use, and altitude of operation.  For 

the purposes of this report, broad categories and uses are as follows
42

: 

 

Name Altitude Typical flight duration Typical Uses  

High Altitude Over 60,000 ft 

(above class A airspace) 

Days/weeks Surveillance, data 

gathering, signal relay 

Medium Altitude 18,000 ï 60,000 ft 

(class A airspace) 

Days/weeks Surveillance, cargo 

transportation 

Low Altitude Up to 18,000 ft 

(class E airspace) 

Up to 2 days Surveillance, data 

gathering 

Very Low Altitude Below 1,000 ft  A few hours Reconnaissance, 

inspection, 

surveillance 

Market Trends in 2007 
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Almost all UAS operations and vehicles around the world today are for military purposes.  The 

absence of standards, regulations and procedures to govern the safe integration of civil-use UASs 

into civilian air space are key factors limiting growth in the non-military UAS sector.  Existing 

mili tary UAS manufacturers likely will dominate civil-use UAS markets in the near-term if they are 

able to leverage their capabilities and technologies in the adaptation of existing platforms or 

development of new systems for civil purposes.  However, they wil l likely face stiff competition 

from new entrants to the market in the long run. 

 

Military  

 

The U.S. Department of Defense (DOD) continues to lead the development, ownership, and 

operation of UASs globally.  As of February 2007, DOD had more than 3,900 unmanned aircraft in 

its inventory compared to fewer than 50 in 2000. The majority of these aircraft are currently being 

used in support of ongoing operations in Iraq and Afghanistan.
43

  Particularly, smaller, shorter range 

UASs have seen dramatic usage increases.  Todayôs operational military UASs encompass a wide 

range of sizes, gross weights, speeds, and operating altitudes (Figure 2).  The smallest operational 

UAS is the four-pound Raven that flies for about an hour at 50 knots and normally below 1000 feet.  

The largest is the Global Hawk, which weighs 25,600 pounds, and flies at 400 knots for over 30 

hours at 65,000 feet.  

 

In recognition of the broad use of unmanned, ground and maritime systems and the need to facilitate 

the integration among platforms as well as with manned systems, DOD released the first integrated 

ñUnmanned Systems Roadmap 2007-2032ò in December 2007.
44

  For the first time, this roadmap 

identifies a DOD-wide vision for all unmanned systems, identifying critical capabilities, obstacles 

and priorities for the next 25 years.   

 

The DOD Quadrennial Defense Review released in February, 2006, calls for increased reliance on 

UASs by nearly doubling the DOD UAS capacity, and tasking a rationalization of UAS 

development and use among the armed services.  The QDR calls for 45 percent of future Air Force 

long-range strike capability to be met by unmanned systems. In addition, the QDR called for 

establishment of a UAS squadron under the U.S. Special Operations Command (SOCOM) in Fiscal 

Year 2007. 
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Figure 2. Current U.S. Operational UASs45 
 

Most governments around the world are seeking to integrate UAS capabilities into their defense 

forces, either through acquisition of foreign systems or through development of indigenous systems.  

Many coalition forces are using UASs in Iraq and Afghanistan, as well as in security operations 

around the world.   

 

For instance, Israeli manufacturers have influenced UAS development programs around the world, 

entering into industrial partnerships, and marketing and co-production agreements.  Elbit Systemsô 

Silver Arrow subsidiary is currently the Israeli Defense Forceôs principal supplier of UASs with the 

Hermes family of vehicles, and has worldwide business relationships.  Israel Aircraft Industriesô 

Malat division (IAI-Malat) has produced a broad range of UASs including the Searcher, Heron and 

Hunter lines. 

 

According to the Association for Unmanned Vehicle Systems International (AUVSI), the European 

UAS market is expected to be worth around $6.8 billion over the next seven years, providing the 

worldôs second largest market for UAVs and unmanned combat vehicles.
46

  Although many 

European companies are developing indigenous capabilities and technologies, some have entered 

into joint agreements with U.S. companies to develop and/or build new and derivative aircraft.  For 

                                                 
45

 ñThe Impact of Unmanned Aerial Vehicles on the Next Generation Air Transportation System: Preliminary 

Assessmentò, Unmanned Aerial Vehicle National Task Force, October 22, 2004 
46

 Unmanned Aerial Vehicle Market Brief, U.S. Commercial Service-Germany, March 21, 2005; 

http://www.buyusainfo.net/docs/x_2891343.pdf  

http://www.buyusainfo.net/docs/x_2891343.pdf


 33 

example, European Aerospace Defense and Space (EADS) and Northrop Grumman established a 

joint venture to develop the Euro Hawk, a derivative of the Global Hawk.  

 

Civil 

 

There is large potential for civil applications by private and public entities, ranging from 

surveillance and reconnaissance to scientific data gathering or delivery of services (crop dusting, 

telecom relays, etc.)  However, the absence of standards, regulations and procedures to govern the 

safe integration of civil-use UASs into civil airspace are key factors limiting growth in the non-

military UAS sector.  As a result, most civil operations of UASs in 2007 were related to test or 

demonstration flights. 

 

The Federal Aviation Administration (FAA) has imposed strict limitations on UAS operations in the 

national air space (NAS) until sufficient standards and regulations can be developed.  In February 

2007, the FAA published policy guidance to clarify exactly which authorities exist for UAS 

operations in the NAS.
47

   At the same time the FAA continued work to develop domestic 

certification regulations that will address all relevant technology, policy, regulatory and 

infrastructure issues necessary to safely integrate UASs into the NAS.  The Unmanned Aircraft 

Program Office (AIR-160), responsible for coordinating all FAA certification and operational 

policy activities related to UASs, is expected to publish a UAS roadmap to clarify the path toward 

normal certification and operation of UASs in the NAS.
48

  Publication of the roadmap has been 

delayed until sometime in 2008.   

 

Current access to national air space in the United States is predominately granted through special 

Certificates of Authorization (COAs) issued by the FAA for public UASs.  Even under a COA, 

UAS operations are granted only for specific times, locations and operations.  The number of COAs 

issued by the FAA has grown significantly in recent years, reflecting growing demand by military 

and civil users.  Fifty-four COAs were issued in 2005, and 100 COAs were issued in 2006; 140 

COAs were expected to be issued in 2007.
49

  UASs also may be operated in restricted airspace.  In 

July 2007, the FAA introduced an on-line COA application system for federal users to reduce 

processing and approval time for COA applications. 

 

¶ The Department of Commerceôs National Oceanic and Atmospheric Administration has 
conducted test flights for weather and environmental data gathering and fisheries 

management, and used a UAS to gather weather data by flying through Hurricane Noel in 

November 2007.   

 

¶ NASA initiated flight tests in early 2007 with an Ikhana (modified Predator B).
50

  One high 

profile test occurred in October 2007 when NASA flew Ikhana over the wildfires in 

Southern California, providing data via the National Interagency Fire Center to incident 

commanders in the field to aid them in allocating their fire-fighting resources and 
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demonstrating UAS capabilities for firefighting missions.
51

   In December 2007, NASA 

expanded its UAS testing capabilities by taking delivery of two Global Hawk Advanced 

Concept Demonstration Vehicle UASs previously used by the DOD for use in science 

missions starting in 2009.
52

 

 

¶ Department of Homeland Security took delivery in 2007 of their third UAS for border patrol 

monitoring, and expect to take delivery of a fourth system in early 2008.
53

  During 2006 and 

2007, Customs and Border Patrol Predator B UASs flew more than 1,500 flight hours in 

support of border security missions and contributed to the seizure of more than 15,000 

pounds of marijuana and the apprehension of more than 4,000 illegal aliens.
54

 

 

¶ In 2007, the Houston, Texas and Miami-Dade, Florida police departments conducted 

demonstration flights of UAS capabilities for law enforcement purposes.   

 

Another authority for operating aircraft in the NAS is via an airworthiness certificate issued by the 

FAA.
55

  After issuing two experimental certificates in calendar years 2005 and 2006, the FAA 

issued 17 experimental certificates in 2007 to seven systems.  The FAA anticipates issuing 

approximately four experimental certificates per year for the near future. 

 

Table 1.  Experimental Certifications Granted in 2007 for Non-military UAS 

System Company Date Description 

Shadow 200B AAI  Feb. 2007 1 experimental certificate for 

flight test operations 

Cobra Raytheon Missile 

Systems 

Feb. 2007 3 experimental certificates (1 

year) for flight test operations  

Sky Warrior 

ERMP 

General Atomics May 2007 1 experimental certificate for 

flight test operations 

GE-50 Aurora Flight Sciences May 2007 limited experimental certificates 

for two test flights 

Skybus 30K Telford Aviation May 2007 1 experimental certificate for 

flight test operations 

CyberBug Cyber Defense June 2007 1 experimental certificate for 

flight test operations 

GE-50 Aurora Flight Sciences July 2007 limited experimental certificates 

for one test flight 

Cobra Raytheon Missile 

Systems 

October 2007 3 experimental certificates for 

flight test operations (including 

one recertification) 

gMAV Honeywell 

International 

December 2007 1 experimental certificate for 

flight test operations 

GE-50 Aurora Flight Sciences December 2007 limited experimental certificates 
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