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Introduction


During nearly the entirety of its century-long history, the aerospace industry has struggled with the basic question of what business it is in.  No one doubts that jumbo jets, fighter aircraft, and spacecraft are the end products – but what else is required to make these few items?  Must a plane builder be in the business of making wings, cockpits, electrical control systems, engines and avionics?  Beyond that, must a rocket maker be in the business of casting, machining, polishing, and coasting specialized parts from aluminum, titanium, nickel, and assorted exotic composites?  Is it reasonable, perhaps, to consider big aerospace as the entire transformation from “ore to flight?”
  Even if it mustn’t do all of these things, what should big aerospace do to build an ideal supply chain?  Both empirical evidence and analytical data imply that the “ideal” evolves and there is nothing like a permanent perfect industrial form.  However, the ever-presence of change does not make all change good or wise.


In the throes of its latest round of indecision, big aerospace has plunged into an era of outsourcing: prime contractors such as Boeing and Lockheed Martin are energetically exiting “part” businesses as they seek to reinvent themselves as technologically designers and integrators rather than mere metal-benders.  Whether this is the right move is a question of supply chain design, and to understand the context of the question we must examine aerospace’s continuously evolving structure to see if it is reasonable to expect any sort of paragon aerospace company design.


This paper thus starts with a definition of the supply chain of aerospace industry: what activities are inherent to the industry?  With this context established, the current outsourcing decision/dilemma of big aerospace is explained.  Next, a history of the industry’s integration activities is given: why have aerospace companies done the activities that they have done? Lastly, clockspeed tools
 are used to evaluate the efficacy of outsourcing activities currently in place.  In the end, we find that in its zeal to “move up the food chain”
 aerospace is doing the right thing but must stay aware of potential hazards.

1: The Aerospace Industry’s Activity Chains

Two inextricably linked sequences of activities literally turn “ore” and other raw materials (both physical and intellectual) into the “flight” that services transportation, military, and communications needs.  One sequence is a physical “supply chain” of tangible materials and the second is a process-oriented “business capability” of activities.  This paper is focused on the transformations of the supply chain, however a recent focus on “value” analysis centered on capabilities provides the impetus for that very transformation.  In this section, a basic framework is established that simplifies the subsequent discussion of change: by no means is it meant to be definitive for all that goes on in aerospace.   Omissions and simplifications are not meant to detract from the overall themes.

The Aerospace Supply Chain


The steps of physical transformation involved in making an aircraft are not different from many other assembly-oriented manufacturing activities (see Figure 1).  Basic extractions are transformed into specialized materials of metal, plastic, and composite composition.  Parts are fabricated from these materials.  Parts are built up into subsystems of a plane.  Ultimately, subsections (as well as many individual arts) are assembled into the final product.  What makes today’s aerospace industry special are the low production volumes (annual production rates in single or double digits), the product complexity (hundreds of thousands of unique part numbers), process complexity (exotic materials transformed to achieve cutting-edge strength-to-weight ratios), and regulatory oversight (military and commercial flight standards involve intense testing and qualification procedures).
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:  Aerospace Technology Supply Chain


While many industries require, for instance, subsystem assembly or part fabrication that involve skills that are prima facie identical to the requirements of aerospace, it is the “special” items above that prevent any supplier in the auto or electronics industry from profitably entering the aerospace supply chain.  Generally aerospace suppliers are only in the aerospace business (aerospace materials creation is the one exception: a materials giant such as Alcoa provides aluminum for airplanes, cars, and beer cans).

The Aerospace Business Capability Chain


Many aerospace workers are not directly involved with the physical transformation of materials but are instead the designers, manufacturing engineers, and customer liaisons who focus on the performance of the end-product airplane or rocket.  A popular internal project among the larger aerospace firms in the 1990s was “value stream mapping” – cataloguing the specific sequence of activities required to design, order, and provide a specific product.
 Ostensibly this information would help to identify “non value-added” activities but it also gave leaders a new cut at the profitability of their different macro-level processes.  A new “chain” of activities results, starting with conceptual design of a product and ending with the services of a “passenger-seat-mile” on a Boeing jet or a “megabit per second” on a Lockheed Martin communications satellite.  Figure 2 shows this “business capability chain.”
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These four activities involve four different disciplines.  New product R&D is the realm of the rocket scientist: design engineers and fancy labs.  Fabrication and production is the domain of the factory worker: the “shop floor” of the enterprise.  Assembly, integration and testing (AIT) involve an element of shop floor but is dominated by industrial engineers and product managers.  Service delivery is usually an entirely different business, run by specially trained operators from pilots to mission controllers.

Organizational Chains


Today’s aerospace firms is dominated by a few “prime contractor” firms, who are served by a layer of internal and external subsystem specialists and a plethora of aerospace-specific part makers and internal production plants.  Integration activity to date has been initiated almost entirely by these major system primes, who can be counted on one hand in the U.S. market: Boeing, Lockheed Martin, Raytheon, and Northrop Grumman.  Primes universally contribute along the first three elements of the value chain but then hand off to the specific service providers. In addition to primes, R&D is performed by public (NASA, the DoD) and quasi-public (the Aerospace Corporation, MITRE, RAND, and government-funded university projects) agencies.  The private aerospace enterprises must stay in the R&D business as this is their entry into future government contracts: public R&D turns customer needs into operational concepts, private R&D turns operational concepts into production-ready products. The most specialized part production is generally reserved by prime contractors, with the rest outsourced according to a pattern created by a balance of historical (whether past products led to the development of significant internal capacity in this area, such as Boeing’s silkscreen operations for commercial aircraft interiors) and economic factors (whether someone outside can make it dramatically cheaper or better, such as castings or first-cut machining).

“Strategic partners” make subsystems to a product.  These partners are specialists that are either independent or part of a prime’s overall structure.  Examples include aircraft engines (made by Pratt & Whitney, GE, and Rolls Royce – all independent of primes), satellite communication payloads (made, among others, by Lockheed Martin – a prime – and Alcatel – an independent), and wings (largely made by Boeing, Lockheed Martin – sometimes for their own end products, sometimes for other companies).  The one value element not generally done by the primes is providing the service.  Two reasons led to this.  The more obvious is that literal corporate warfare is not condoned by the world – many aerospace products have a military nature and their “use” is not a fundamental economic activity.  The second involves antitrust issues: in the 1930s United Aircraft and Transportation Company built planes (the company that is now Boeing) and offered scheduled passenger service (the company that is now United Airlines) until the Department of Justice determined that monopoly power was being abused.

With AIT as the central activity of the aerospace primes, with sales reasons necessitating participation in R&D and legal reasons preventing participation in service, integration cycles revolved around the fabrication and production stages of the business.  This activity, chronicled in the third section of this paper, led to integration and disintegration of the industries related to the various components of the supply chain.  While the primes would always perform the final assembly stage at a minimum, different factors led to different decisions around who would make subsystems, parts, and even materials.

2: The Aerospace Outsourcing Initiative
Stock Price Shock at the Primes


The twenty-first century began with the aerospace industry in period of deep introspection.  A decade of reinvention and reorganization followed the calamitous (for one of aerospace’s primary markets) peace dividend wherein defense procurement spending fell from a peak of $95M in the late 1980s to $45M in 1997.
  However, despite aggressive restructuring, valuations of aerospace firms trailed far behind markets in general.  Figure 3 shows this through an index of aerospace stock prices versus the S&P500 and NASDAQ indices.
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Figure 3: 1995-2000 Aerospace Stocks vs. Market-at-Large

Aerospace executives see charts such as this and pull at their already compromised hair.  Aerospace firms have highly educated engineers working for them, involve cutting edge technology, and tap into future-prospect markets (notably space).  The potential for growth and profits exists – but valuations are not there.

Much head-scratching has led to the idea one executive called “moving up the food chain” – becoming more involved in service-type activities and less involved in production-type activities.  Although entry barriers (in addition to antitrust concerns) make it unlikely that a Boeing or Lockheed would ever directly enter the airline business or become a telecommunications provider like AT&T or MCI Worldcom, many activities downstream of adding the last rivet to an airplane wing remain to be accomplished.  “Service-type” activities include the maintenance and overhaul of existing systems (a lucrative business as aerospace products are often in service for decades but require frequent checkups and replacements) or operational control – not use – of systems (such as NASA’s outsourcing of Space Shuttle operations under the United Space Alliance contractor or of satellite operations under the Consolidated Space Operations Contract).

Moving Up the Food Chain

Thus, the goal is to shift the business base of prime contractors to focus more on these “top of the food chain” services. Because management is already strained, some activities must be shed before new ones can be acquired.  If the “upper-end” activities are the most profitable (or at least valuable), they reason that the “lower-end” activities” are the least expendable. Outsourcing of major subsystems has been underway for decades in the aerospace industry; the manufacturing strategy implications of this move are discussed by Fine in Clockspeed.
  The low-end is the myriad production activities that precede the high-value-added “integration” step inherent to the prime contractors.  

Tracing the last twelve months of articles in major industry journal retraces the logical footprints.  “I suspect management was stretched beyond its capacity,” stated a Wall Street Analyst as he criticized Raytheon’s recent poor performance.
  How to refocus on product delivery? “Shifting more subassembly production is allowing OEMs [original equipment manufacturers – i.e. primes] to concentrate on improving customer service.”
  The result?  “Commercial aircraft manufacturers are increasingly subcontracting the production of major airframe subassemblies in a trend expected to keep [an aerostructure provider]’s growth and bottom line strong,” reported the journal.
  Furthermore, the primes are “off-loading to their equipment suppliers more of the burden for helping to reduce the direct operations costs of new aircraft and pricing them as aggressively as possible.”

Questioning the Obvious


 The basic idea that many production activities are not core to the business of delivering finished products makes a good deal of sense.  After all, the computer industry supply chain largely disintegrated between assemblers (such as Sun or Dell) and producers (such as Intel or Seagate) a decade ago.  Even the venerable automobile industry has been hard at work packaging its production activities into spin-off units such as Visteon (Ford) and Delco (GM) for the last several years.  Additionally, the supply chain disintegration of these industries reflects “subsystem” or “module” assembly versus the end supplier – the basic fabrication processes such as machining or part forming are long gone.  A tour of any large aerospace company’s “complete” plant reveals as many machines and lathes as assembly jigs.  Why is aerospace so slow to gain its religion, especially when it has gone through many cycles of industry transformation over the last several decades?  To understand this, we must look at that history to see if any hidden justifications of the current supply chain design emerge.

3: Aerospace’s Adventures in Supply Chain Integration and Disintegration

The aerospace industry tends towards extremes.  Part of this is by necessity: few other industries are so actively and directly involve in life-or-death urgency of war.  A former employee of Lockheed Martin’s legendary Skunk Works, in some ways the archetypal aerospace plant, commented on working in the space industry as “Some of the greatest scientific changes have come from space, simply because in that environment a breakthrough is not just acceptable, it’s mandatory.”
  The belief in breakthroughs not only pervades product design, but apparently also supply chain designs: perhaps this is part of what leads to the sometimes description of aerospace as “one of the most vexatious businesses of the century.”
  Although many of the trends identified below overlap and are not wholly simultaneous (i.e. some companies in the industry were in integration cycles while others were still disintegrating, with the differences driven by divergent business bases) they do identify the major roils of the industry. We start our examination of the business at the end of World War II, at aerospace emerged as a major domestic industry.

The Initial Integrated Industry


The plethora of American fighters and bombers that helped the Allies win the war were built in former machine shops to designs by often self-taught aerospace engineers.  There were no tiers of aerospace suppliers, thus companies had to be entirely self-sufficient – they bent the metal and bolted it together.  The only knowledge component of the industry lay with the engineering side of the business – once a successful design was gained, production (and assembly) were easy, as evidenced by the tremendous ramp-up of the industry to meet wartime needs by putting auto makers to work building planes.

The aerospace industry was vertically integrated, with suppliers providing capacity (as in the case of the war) or only a very few specialized items (notably propulsion systems, which have always been a separate business producing the most modular element of any aerospace product).  Boeing, Lockheed, Martin, Convair, and Douglas were premier companies.

The First Disintegration


In the 1950s, aerospace products changed fundamentally.  First, electronics emerged to both replace former mechanical systems and to provide entirely new capabilities, such as radar and fire control.  Second, an entirely new aerospace market emerged: space and strategic missiles.  The new technologies involved in these pursuits started a trend of disintegration.  Some traditional aerospace firms (such as Hughes) specialized in these activities and moved away what used to be the “only” business of building airplanes.  Some non-aerospace companies (such as Westinghouse and General Electric) entered the new aerospace markets as the new demands fit their existing capabilities.  This first stage of disintegration marked the beginning of “tiers” of aerospace suppliers: the primes who delivered the finished product and their “top tier” partners who provided essential subsystems.

Re-Integration


During that long period, the aerospace market grew in size as well as scope, fueled by robust worldwide economic growth fueling demand for commercial airliners, Korea and Vietnam powering the military markets, and the space race launching space-related markets and ICBMs.  In the 1960s and early 1970s, these all collapsed to some degree.  Aerospace companies teetered on the verge of bankruptcy and a round of integration began as first sought to increase their market power in the shrinking market.  Douglas became part of McDonnell Douglas; Martin grew to become Martin Marietta.

In some cases the integration was purely horizontal between former competitors, but more often the newly joined activities involved some combination of prime and second-tier supplier activities.  By diversifying, companies reduced their exposure to the whims of Congressional funding of just one program – a liability painfully discovered in the 1960s.  Whereas previously the supply chain would map onto an organizational chain of distinct companies, now the industry became an interlocking puzzle of primes and subs under different corporate roofs.

Re-Disintegration


Later in the 1970s, another trend towards disintegration began.  Mergers had fortified at-risk enterprises, and companies were looking for new ways to grow.  The new breakthrough concept was a trade of risk for increased political power: outsourcing production to strategically located partners.  Domestically, this meant giving business to the district of a key Senator or Representative – a combination that had helped launch the Apollo program through the creation of NASA centers in Alabaman, Mississippian, Floridian, and Texan locations with no previous aerospace activity.

Internationally, this outsourcing meant the creation of “offsets,” where foreign suppliers ensured foreign sales of both commercial and military markets.  Where companies had a choice, only the most basic production activities were shipped away.  Japan was given the construction of large aerostructures on commercial jets.  European purchasers of the F-16 such as Belgium were able to bolt together their fighter jets on their own shores (although the planes were already built up into major subassemblies – the bolting was not a knowledge-intensive activity).  To grow the overall revenue pie, the aerospace industry led a number of new players get their foot in the door.

Re-Re-Integration


In the 1980s, another round of integration began, but yet again in another direction.  This time, aerospace companies began to join larger conglomerates.  Partly this was driven by a belief in the emergence of new industries with synergies to aerospace technologies.  Grumman Corporation decided it could use its metal-bending abilities to make Post Office Trucks.  McDonnell Douglas started a pharmaceuticals business in anticipation of the development of zero-gravity medicines aboard the Space Shuttle.  Martin Marietta combined its expertise in aerospace materials with the production of aluminum, construction materials, and chemicals.  Partly the integration resulted from the economic and regulatory environment of the 1980s – the mutual takeover struggle between Martin Marietta and Bendix Corporation is every bit the drama of Bonfire of the Vanities or Den of Thieves.

Lastly, the integration resulted from the incentives created by the way the military bought products: cost-plus.  Although abuse-preventing audits and oversight were in place, the fact was after a contract had been won, the more costs a company could build into a product, the more profit could be made.  The government is only now making progress at untangling its byzantine procurement methods,
 and in the meantime, the more an aerospace company did, the more costs could somehow find their way onto a government bill.

Re-Re-Disintegration


The sequel to this “bigger is better” phase emerged quickly enough in the late 1980s and early 1990s, with dimensional complexity driving companies to retrench to their core businesses.  This stage of disintegration largely marked the end of diversified aerospace and to some extent meant the sale of aerospace businesses from their portfolios.  As BCG matrices were consulted and core competencies were declared, GE and Ford exited their satellite manufacturing businesses, Martin Marietta sold off non-aerospace businesses, and Grumman’s post office trucks left the company fold.

Second-tier suppliers were still parts of conglomerates: GE still built jet engines, Honeywell and Allied-Signal still made navigation and avionics units.  The tremendous boom in defense spending brought on by the Reagan administration led to the emergence of a few specialized players, but deeper in the supply chain than usual.  The new companies did not emerge as primes (were dramatic entry barriers locked out all but the most daring) but nor as second-tier suppliers, but as production-oriented shops, especially in new technologies such as advanced composite materials.

Re-Re-Re-Integration


The 1990s brought a dual-pronged assault of integration activity.  First, the post-Cold War “Peace Dividend” meant the dramatic decline in military spending discussion in Section 2 above.  To gain market power, a wave a horizontal consolidation ensued among former competitors.  Boeing merged with McDonnell Douglas, Lockheed merged with Martin Marietta, Northrop merged with Grumman, Raytheon merged with E-Systems, among many others.  Because of the mix of businesses along the supply chain that had ended up under these corporate umbrellas over time, vertical integration was a by-product of the horizontal activity.


This “by-product” also became a strategic imperative.  In an attempt to develop proprietary systems (and foreshadowing the above-mentioned drive towards providing services that kicked off the new millennium), aerospace companies looked to become “solution providers,” most notably in the space business.  Especially during the government-sponsored technology boom of the 1950s and 1960s, companies focused on one piece of an overall “solutions” puzzle.  One company would provide a launch vehicle, one company would provide a satellite, and another company would provide a ground system to operate that satellite. In the 1990s, companies decided that they might gain commercial advantage from being able to provide, say, a telecommunications company the entire launch-satellite-operations package in-house.  Thus, as integration among former competitors and partners ensued, the organizational chain of aerospace redefined itself once again.

The Current State

Section 1 alludes to the present organization of the aerospace industry.  A very few prime contractors remain in each industry segment.  Commercial Aircraft buyers can only go to Boeing (or else they can go abroad to Airbus).  Military Aircraft buyers can only go to Boeing or Lockheed Martin (or Northrop Grumman in a stretch).  Complete Space Systems are again only available from Lockheed or Boeing.  These are the only surviving names of companies around since WWII, build around machine shops catering to the brainy designers running the companies.  Along the way, the companies have acquired and divested a number of subsystem businesses (along with their associated production activities) and some raw material businesses.  Most subsystem businesses are still in-house (under someone’s corporate umbrella) but the materials businesses are largely gone.


Figure 4 highlights the journey of the industry along the double helix of integration and disintegration.  Three items are notable.  First, the double helix primary speaks to movement between Vertical/Integral structures and Horizontal/Modular structures: vertical integration activity rather than horizontal integration activity.  However, the reality in aerospace has been vertical integration effectively resulting from horizontal moves.  The integral nature of an airplane or spacecraft design means that the aerospace industry has never remotely approached the level of modularity expressed by today’s computer industry, for instance.  Even when the industry disintegrated into specialties in the 1950s and 1960s, it was more a case of primes relying on other primes’ specialties than outsourcing to a new tier of pure suppliers.  The main primes are simultanously competitors, partners, and suppliers to each other. Today’s intermingled supply chains are a result of the interplay between horizontal and vertical integration.
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Figure 4:  The Aerospace Industry’s Double Helix


The second item of note is the ambiguity of the end-state.  The introduction to this section talks of aerospace’s tendency towards breakthrough rather than incremental change: thus the continuous waves of dramatic consolidation and breakups.  Despite the most recent cycle going into 2000 being one of integration, it is difficult to say how integrated the industry has become.  One hand says vertically integrated: Boeing machines aluminum and bakes composites, shapes those parts into cryogenic fuel tanks and other substructures, assembles these tanks into launch vehicles, and sends these vehicles into space (carrying Boeing satellites and ultimately supported by Boeing ground stations).  The other hand argues otherwise: on a typical program such as the Lockheed Martin-Boeing F-22, 60% of the product’s value is subcontracted.
  In relatively “old” industries such as aerospace which have been through many integration cycles, general statements about an industry’s degree of vertical integration become difficult to make as the supply and capability chains are mixed across ever-evolving organizational lines.


The final comment on the overall integration history of aerospace is the de-coupling of integration cycles with product cycles.  Aerospace almost defines what is meant by a “slow clockspeed” industry: new product introductions come (at best) every decade.  Although aerospace technology literally pushes the envelope and breakthroughs are continuously sought, most technology is introduced incrementally.  For instance, the “breakthrough” stealth technology involved new coating and material processes on the surface of an aircraft otherwise assembled just like the planes of the 1950s.


However, industry reinvention seems to come faster than every decade: products outlast corporate structures.  This is because much of the double helix activity is due to external factors. Commercial airplane demand has a cyclicality that is amplified by the global economic markets that the airplanes serve.  Wars determine defense spending, which determine whether increased R&D dollars lead to the emergence of niche players or whether market power grabbing is resulting in integration. Even the two-year clockspeed of Congressional elections can bear strongly on whether there is pressure to integrate or disintegrate in the industry.


Assessing the appropriateness of outsourcing in purely a context of integration cycles is thus moot – the right supply chain strategy for aerospace does not follow immediately as a helix strategy.  Just as the industry has swung from one side to the other, sometimes a wave of integration follows a wave of integration.  Market power, technology, and business overstretch can all matter at different times and are in no way correlated.  The one direct lesson that history tells about outsourcing production activities is that, surprisingly, it has not seen a significant activity in the past.  Corporate strategy has focused on horizontal integration and second-tier suppliers (and even raw materials in the case of Martin Marietta) but production and fabrication have been skipped.


I propose two justifications.  First, production and fabrication activity was never outsourced before because those activities have been there from the very beginning.  Not only are huge machine tools permanent monuments on the physical plants of the facilities, but they simply have political power.  Production and fabrication jobs (be they strategic capabilities or not) matter to Congress and they matter to unions – thus, it is hard to shed them without broader consequences.  

The second reason why outsourcing of production and fabrication has never taken place is that they these activities come attached to every prime or second-tier supplier in the industry.  Many production facilities started out as prototype “laboratories,” when a prototype had to be produced, the knowledge of how to do so was in the lab and thus the lab ramped up to become a production facility.  Eventually, as the product matured, additional capacity requirements were met by outsourcing rather than further growth.  But the internally-developed capacity was never eliminated: when demand fell, suppliers lost the business.  After an acquisition, capacity at the “acquired” firm was the most likely to get the downsizing axe.  The corporate survivors (the Boeings and Lockheed Martins) enabled the survival of their production capability, also.

This tell us why many production and fabrication activities have never been outsourced, but we still do not know whether, today, outsourcing them makes sense.  So we move to clockspeed analysis.

4. Outsourcing: A Clockspeed Analysis

Decomposability and Dependency

In this analysis, the business capability in question is the fabrication and production of assembly-ready parts.  The question of whether to make or buy these parts is relevant to both prime contractors and second-tier suppliers, although we focus on the dilemma of the primes.  A clockspeed make versus buy decision matrix frames the activity, as shown in Figure 5.
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Figure 5: 1st-Level Make Versus Buy Decision Matrix


In this first level of analysis, we identify decomposability and dependability issues relating to the product.  First, can we identify modular pieces of the product to be outsourced? While a truly modular aerospace part has yet to be invented, the fabrication parts in question are tightly integrated into a given product.  A part is machined, finished, polished, and coated to fit into an exact place on a given aircraft or spacecraft.  Volumes are not great enough to make dual-sourcing an attractive hedge. Yet, these are parts: it is easy to identify and describe discrete items that eventually are required for integration and assembly.  There is little risk in a competitor obtaining the parts in question as the product value is derived from the integration: parts requiring specialized process technologies should be kept in-house.  While the lack of true modularity means that some cost must be attributed to transitioning and training suppliers, on the whole fabrication does pass the decomposability test.


Dependability is another issue.  By outsourcing the part to suppliers, do we depend only on supplier capacity or on their knowledge and capacity?  Again, by definition, we are dealing with knowledge-independent parts.  Capacity is an important consideration, however, when we consider the value of fabrication capacity to the overall aerospace enterprise.  Internal production capabilities started as prototype shops, and still serve as prototype shops when the need emerges.  New product development, as rare as it is, remains an essential capability of aerospace companies: the ability to prototype internally is vital.  This does not justify keeping all of the basic production capabilities in-house as prototyping is inherently low-volume, specialized work.  To preserve the ability of aerospace primes to develop new knowledge, basic capacity must be maintained.


The other side of capacity risk involves Fine’s first law of supply chain dynamics: volatility of demand and inventories in the supply chain tend to be amplified as one looks farther upstream.  Aerospace is cyclical and notoriously poor at anticipating those cycles.  During “down” periods, outsourced capacity may be difficult to shed if those suppliers have been guaranteed long-term contracts.  During “up” periods, ramping production volumes is out of immediate control.  Capacity is not only a current measure, it speaks to the future, also.  If properly managed, outsourcing production capability can transfer risk involved with supply chain volatility away from primes.  If managed properly, primes might fatally lose their ability to respond to market fluctuations.  Boeing’s production of its next-generation 737s was crippled in 1998 and 1999 because suppliers could not increase their production quickly enough.  Outsourcing capacity means giving up control as well as externalizing risk.  Overall, production and fabrication’s dependency status makes it a candidate for carefully managed outsourcing.

Clockspeed and Industry Competitiveness

If the clockspeed of the outsourced activity exceeds the clockspeed of the integration activity, aerospace companies risk losing control of key performance characteristics of their product.  Fortunately, this is not an issue with production and fabrication: these are among the slowest-clockspeed activities in the slow-clockspeed industry.  While processes to make the product (that ultimately drive cost and cycle times) have been improving at an accelerating clockspeed, the parts themselves are not changing.  The prime contractor still specifies the parts – it still owns control.


The second law of supply chain dynamics also speaks to clockspeed, however: as you move closer to the end customer in the supply chain, the clockspeed increases, sometimes dramatically.  The counterweight of the zeal for outsourcing is the excitement about entering new “service-oriented” businesses, as discussed earlier.  These businesses will naturally have higher clockspeeds.  Providing bandwidth rather than satellites means keeping up with ever-evolving communications protocols and ever-shifting market alliances.  Providing thrust per hour involves direct exposure to changing international regulations involving pollution, noise, and safety.  Whether aerospace fully realize this commitment is uncertain, but shedding slow-clockspeed activity is perhaps a good first step to making the overall business run faster.


One identified advantage of outsourcing fabrication is the high degree of competitiveness of the external industry.  Rather than “make” at a unionized monopoly internally, why not buy from the hundreds of domestic machine shops that are hungry for new business in the wake of a down-cycle in commercial aircraft production and still-low defense spending.  The U.S. Economic Census provides data on the concentration of the business. The most recent figures (1997) identify 15 spacecraft producers averaging 3477 employees,
 while the 47 spacecraft part producers average 130 employees each.
  There is certainly less consolidation and thus weaker companies upstream.  Aircraft production confirms the trend: 173 aircraft producers averaging 1182 employees
 buy parts from 1051 companies averaging 122 employees.
  The potential for cost savings by tapping into this more competitive industry is high.


Unfortunately for the aerospace primes, other profit-seekers are aware of both the divided state of lower-tier aerospace suppliers and of the prime’s intention to give them more business.  Consolidation at these lower tiers is already underway, again as evidenced by recent press.  An industry consultant stated that “There are several lower-tier acquisitive suppliers that now routinely assess which properties which get spun off by the primes.”
  “Analysts feel specialty players like Moog, Alliant Techsystems, and L-3 Communications will benefit from small acquisitions,” reported Bloomberg Personal.  The first stages of such consolidation have begun: Alcoa, the erstwhile raw material specialist for aerospace aluminum recently purchased Cordant Technologies, makers of Huck fasteners and Howmet engine parts.  Small-scale consolidation is taking place by leveraged buy-out rollups. One example is Thayer Aerospace, which has been quietly buying up Wichita-area owner/operator machine shops supplying Boeing.  Even non-aerospace-focused financial players are looking at acquisition and consolidation activities, such as The Carlyle Group.  “To tell you the truth, the work we do doesn’t even care about the business – we just look at good deals among the financial statements,” remarked one of their vice-presidents.


In other words, a competitive industry today is not necessarily the same tomorrow.  While lower-tier suppliers have a long way to go before they reach the level of consolidation of the primes, primes might be well served by taking action sooner rather than later.

Summary

In the end, outsourcing of production and fabrication activities is a good opportunity for aerospace primes: the right combination of a decomposable product, low supplier dependency, slow clockspeeds, and high competitiveness exists.  There are warning signs, though.  The firms must take care to just outsource activities that are strategically unimportant and knowledge-independent – not just the easiest to detach.  Courage to take on unions and longstanding political sacred cows will be required, as well as restraint not to go too far in outsourcing.  While this will avoid dependence on supplier knowledge, the primes will be dependent on supplier capacity.  Primes must take this into account as demand fluctuates in the future.


Production and fabrication are low-clockspeed activities.  As they are outsourced, primes should endeavor to speed up clockspeed on their remaining activities to make themselves more competitive in customer-oriented businesses.  Lastly, a highly competitive market for the products in question does exist, although consolidation activities should be monitored.


So the opportunity is there, if done right.  One lesson of aerospace’s double helix journey, though, is that execution on chances is usually more at fault than realization that opportunities exist.  No “ideal” static design would have weathered the cycles of integration experienced by the industry as a whole.  Mistakes were made by companies that embraced trends too vigorously – Martin Marietta in the materials business, Lockheed Martin and Raytheon consolidating faster than their operations could swallow, perhaps Boeing giving away too much production to foreign shores.  Can aerospace be expected to outsource “correctly?”  This is the ultimate supply chain challenge, to match good execution to a good strategy.  Clockspeed analysis clears aerospace’s current outsourcing initiatives for takeoff, but cannot fly the plane.
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