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. ABSTRACT

TITLE: Can Lean Manufacturing Change the Acrospace Defensce Industry?
AUTHOR: Cynthia L. Scgerstcn, Licutenant Coloncl, USAF

In times of decreasing orders, increasing overhead costs and fewer customers. lcan manufacturing
techniques may allow the acrospace defense industry to remain healthy and profitable whilc offcring the United
States an avenuc to maintain 8 morc viable n2donal industrial basc. The automobile industry has shown lean
manufacturing techniques can substantially reducc costs. cut development time, and producc a better product than
mass production. The American acrospace defense industry is now working to implement these new techniques
through the F-22 Engincering and Manufacturing Development Program, and the Lean Aircraft Initiative.

European defense companics arc also implementing the principles of lcan manufacturing with results well worth

noting.
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many fundamental problems of new aircrafl, not discovered until latc in flight test, suggesied there must be a better
way to design and produce new aircrafl. As a native of Southern California and the daughter of an acrospace
engincer, Licutcnant Coloncl Scgersten has grown up with an awarencss of the problems plaguing United States'
aerospacc firms, which further sparked her interest in the subject. A supply officer, she has been assigned at cvery
level from unit chief to commander of two supply squadrons, She has also complcted tours at the Sacramento Air
Logistics Center, and at Headquarters, United States Air Foroe Europe, where she headed the Command

Equipment Management Team. In cvery casc, she has been responsible for supporting aircrafi afier they became

part of the Air Force's opcrational inventory.
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CHAPTERI

INTRODUCTION

In times of decreasing ordcrs, increasing overhead costs and fewer customers, lcan manufacturing
techniques may allow the acrospace defense industry (o remain healthy and profitable while offering the United
States an avenue to maintain a more viable national industrial basc. In the first section of this paper I will present
and OOnlI:afl the principles of mass production, originated and cmployed extensively in the United States during
this cenlury-, and the principles of lcan manufacturing developed and implemented in the Japancse automotive
industry after World War Two.'! Mass production principles were initially used to produce automobiles, although
ultimately the methods extended the world over, and affected the processes used to manufacture millions of
different items. The meihodology of ican manufacturing differs significantly from that of mass production, and in
the closing decades of the twenlieth century lean manufacturing has produced dramatic successcs in terms of
volume, quality and customer satisfaction.

The lessons of the automobile industry have not been Jost on acrospace defense companics that, because of
massive culs in the United States defense budget, arce struggling in an intenscly competitive market. The
automnobile industry has shown lean manufacturing techniqucs can substantially reducc costs, cut development
time, and produce a better product that morc preciscly meets customcer nceds.  Those companies that have
successfully implemented lean production, primarily owned or managed by the Japancse, have done well in a very
competitive market, while those that have relained traditional mass production methods have had a difTicult time
compeling. Increased quality, flexibility, and afTordability zrc potential benefits of Ican manufacturing techniques
thai could have a vital impact on the acrospace defensc industry. Yect, the acrospace defense industry is only now
beginning to fully implement these new techniques. In the second scction of this paper | will compare the

automotive and aerospace defensc industrics, and analyzc the applicability of lcan manufacturing to aircrafl

production.




The benefits of lcan manufacturing were first quantificd in a study accomplished undcr the auspices of

the International Motor Vchicle Program (IMVP),’ as described in The Machine that Changed the World.®  In an

cffort to use those lessons, the Acronautical Systems Center (ASC) in Air Force Matericl Command is cxploring
ways to implement lcan manufacturing in the acrospace defensce industry as a way 10 obtain belter weapon systems
at lower costs. The first step is a study similar to IMVP called the Lean Aircraft Initiative (LAT). [ will bricfly
describe the LAIL, which will serve as an introduction 10 a leading-cdge example of Ican manufacturing in the
acrospace defense industry today.

The F-22 Engineering and Manufacturing Development (EMD) Program will probably be the largest and
most costly aircrafl acquisition program of the decade. As a way (o hold down program costs, government ana
contractor managers have structured the cnlire program around lcan manufacturing principles. I will describe the
F-22 lean manufacturing plan, cxplain how program managers will measure progress toward achicving true lean
manufacturing, describe the successcs already achicved carly in EMD and some of the problems encountcered, and
finally I will project some of the diflicultics the F-22 program may cncounler in coming ycars.

The potential benefits of lean manufacturing have also been recognized by European defense companies
whe v now wrestling with many of the same problems, oflen to a much greater degree, faced by their American
counterparts. In the final section of this paper 1 will describe European cfforts 10 implement lcan manufacturing,

giving specific cxamples.




CHAPTER II

MASS PRODUCTION YERSUS LEAN MANUFACTURING

In the early 1900s, changes evolved in the United States that transformed the methods used to
manufacture automobiles. The name that came o be associated with ihe new system was mass production.
Ultimately. the effects of the new paradigm were so far reaching that they changed production processes all over
the world, and aiTected almost cvery type of product it was possiblc to make using mass production techniques.!
These world changing developments were based on the work and accomplishments of Henry Ford.

Initially, Ford was an automobilc maker who created cars the same way every other car builder did in
1900. Somctimes called crafl production, it was based on skilled craftsmen in small shops who built vchicles by
hand, one at a lime, to mect the particular requirements specificd by cach individual customer.® Design,
engineering, component construction and asscmbly were accomplished for each car, and varied significantly from
one car o the next. Skilled fitters were the crucial craftsmen who filed cach part to fit with the part that preceded
it in the assembly process. Volume was low, becausc the labor intensive building process was slow and expensive.
No two cars were alikc and parts werc not interchangcable becausc crafl techniques varicd. and standardization
was not a goal.

Ford was an innovator who proved the manufacturing process could be simplified. with far-reaching
cffects.* He made standardization his forcmost goal, in order to make parts inlcrchangeable between vchiclcs.. To
help achicve that, he introduced the concept of using a standard gauging system in the manufacture of cvery part.
That eliminated the need to have every part filed or machined to fit together with adjacent parts, which in turn
drastically reduced the requirecment for the skilled fittcrs who were the bulk of the labor force in the custom car
manufacturing business. The development of prehardencd metals that werce Icss apt to warp was an important

advance that allowcd Ford to reduce the number of parts nceded, and to make parts casicr (0 attach.

Intcrchangeability, simplicity and casc of attachment werc crucia! advances that inade the asscrably line possible.’




Ford's assembly process cvolved over a decade.® In 1903, it was based on an asscmbly stand where an
entire car was built, sometimes by a single fitter. Later, an asscmbler would perform a large portion of the
asscmbly; apd then move to perform the same work on another car. By that point, Ford had multiplc cars under
construction at the same time, which represented a big change from the past. Only onc model chassis that
contained all the mechanical parts was produced which kept the process much simpler than it would have been if
variations were allowed. Over timc, Ford divided the labor into progressively smaller scgments, and reduced the
number of tasks a particular individual would perform. The Modcl T in 1908 was Ford's twenticth cffort to design
a car for manufacture. At that time an asscmbler would accomplish only one task per vehicle, before moving to the
next. The task ¢ycle was reduccd to mere minuies, and the complexity of cach task was low. Productivity
incrcascd because workers totally familiar with a single, simple task could periorm it quickly and correctly. In
1913, Ford introduced the moving assembly line that conveyed cars past stationary werkers. 1t reduced task cycle
time cven more, saved workers' walking time between cars, prevented congestion when faster workers overtook
slower workers, and forced the slower workers to speed up to keep pace with the line.

The results were dramatic. A vaslly greater volume of cars could be produccd using less human effort.
Therefore, the finished product cost Icss to build and could be profitably sold for a lower price, svhich in turn led to
a much expanded market. "Ford dropped his prices steadily from the day the Model T was introduced. "’
Although not perpetual. it created a fortuitous cycle where "growing vc!u@nc permitterd lower costs that, in turn,
generated higher volume."'® "By the time Ford reached peak production volume of 2 million identical vehicles 2
year in the carly 1920s, he had cut the real cost to the consumer by an additional two-thirds,""'

Ford made the workers almost as intcrchangcable as the component parts.'? Tasks were broken into
simplc components that made highly skilled laborers unnccessary. Training conld be minimal, as were wages.
This expanded the pool of availablc 1abor to include thousands of immigrants and the people moving from the
farms into the cities. Laborers did not need (o understand what they were doing, how their job related to the whole,
or cven the language of the other workers -- they simply had to accomplish their designated task in the time
allowed.” The system did have diawbacks in terms of personnel. There tended to be a lot of turnover in *ac work

force. Initiative was ncither rewarded nor cnconraged. and unskilled laborers had little expertisc to dr=w onto -

detect or coirect problems. Ford cventually raiscd wages (6 an unprecedented five dollars per day, so pcople stayed




longer. But the working conditions were grim, and the work was repetitive and buring. Car companies treated the
labor force as a variablc cost, (0 adjust up or down based on product demand and profits. Thesc conditions made
the industry prime for a successful union movement. ’n the late 1930s, the United Auto Workers signed an
agreement with what had become the Big Three.'* Worth noting, (he issucs were shaped by the fact that the union
movement accepted the rolc of management and the nature of the work as inherent {0 mass production in an
asscrbly-line factory. Scniority became a key issuc becausc it governed who was laid off when auto sales were
down. Scniority also affccted job assignments.  Since wages were roughly cquivalent, tasks that were regarded as
¢..sicr or more intercsting became the most sought afier.

A side cffect of this production systcm was the creation of a large array of specialists who were an integral
part of the manufacturing process, yct never touched the product. These included nuinerous professiona! and
manageriat capacitics, as well as a support staff." Irdustrial engincers came into being to develop the assembly
operation, the machines to make the parts, and the task breakout for the workers. Production cngincers became
responsible foi providing parts to the linc. Manufacturing cngincers designed production machincry and tools.
Product engincers dcsigned the vehicles and their components. The need also existed for large numbers of
narrowly skilled indirect workers includi.g foremen, repairmen, quality inspectors, rework specialists and
housckeeping personnel. Under craft production, all these functiens were performed by crafismien who required
years of training and experiznce to develop their knowledge and skills. In contrast, Ford's system bascd on the
division of labor, had masscs ~f sninimaliy skilled workers perforni the manual labor, while a small number of
cxperts dirccted the work. With some innovations s other firms entered the ficld, this was mass production in its
mature form, and it dominated the automotive world market for decadcs.

In Japan aficr World Wau Two, another manufacturing paradigm developed. [nitially called the Toyota

&

Production Systzm, or the Just-In-Time (JIT) production system.'* it is now known as Ican production (or lcan
manufacturing).'” It began with the Toyota Motor Company that was founded in 1937 to build passcnger cars. As
carly as 1929, Kiichiro Toyoda visited Ford's plant in Detroit. However, the war forced the company to make

truclis for the military. with - rafl production uscd for the most part. Afler the war, auto production was resumed

acd Eiji Toyoda. ncphew of K: chero, visited the Rouge plant that was the largest and most cflicient manufacturing

facility in the wond i, 1%50. ' Aftcr examining Ford's system in progrcss. ciji Toyoda and Taiichi Ghno, his




production engineering expert, chosc a different approach. Driven by widespread shortages in Japan after the war
and a very ‘ifferent social structure than they saw in America, Toyoda and Ohno decided to combine the best
features of crafl production and mass production.” Containing clcments of cach systcm, they created a system
vastly different from cither. Extremcely crucial is the interlocking way individual clements relate to cach other to
form the system as a wholc. Begun in the 1950s, the system cvolved to its present form, 1n many cascs, past tensc
and present tense merge in describing development that has been ongoing for the last 40 ycars.

Human resources were very much the foundation of the ncw system. Workers were not considered casily
replaccable, nor were they a variable to be laid ofT when profits dipped. Lean manufacturing works (19 avoid the
"cyclicality” that is part of the Western idca of the business cycle.* Typically under mass production, “when the
market gocs down, the assembler companies jettison their human and organizationa] ballast and expect 1o find
their workers and supplicrs pretty much where they left them once conditions improve.”'  Under lcan
manufacturing, personncl were regarded as a long-term fixed cost.  Hiring was from the bottom only. and lifctime
employmenrt was guarantced. Pay depended on personal attribules such as academic accomplishments and ycars of
cexperience,” and was lied (o company profitability through bonus payments.” This gencrated two-way
commitment. Employces had a vested interest in the company doing well, because their personal fortunes
depended on that of the company. They also stood to gain little by switching from company to company because
every move meant starting at the bottom again. At the same time, internal transfcr of workers in response (o
company nceds was casy because salary did not depend on the particular tasks being performed.* Since personnel
were employces for multiple decades, the company was encouraged Lo provide necessary training for cmployecs 10
become multi-functional workers who could handle various jobs.” The result was a much morc flexiblc labor
force.

Labor-management relations were simple. In Japan, only basic lator conditions such as salary, additional
income based on company profits, and labor hours were subject (o collective bargaining.™ The manufacturing
process (including machinery, matcrials, mcthods, and labor utilization) was not -ubject to discussion, which made

implementing changes such as new technology. process changces, or productivity improvement much casicr to

accomplish.”




The nature of the work changed as well. Emphasis was placed on being a tcam member, with cach
individual a gencralist "willing {ond cxpected) to lcarn many skills and apply them in a tcam s2tting."* That
fostered initiative and encouraged cmployces to anticipate problems and devise solutions.™ The tcam Icader was a
working member who had the knowledge and ability to bandlc cvery operation, as well as to motivate the team.
Working supervisors, and few supervisory levels were the rule® The number of specialtics was greatly reduced,
and many indirect worker positions were zliminated.” The goal was to have every worker actually add value to the
car. All workers were expected to acquire additional skifls such as siniple machinc repair, quality checking.
housekeeping, and materials ordcring.”” Along with the wider varicty of skills came greater responsibility. This is
illustrated today by the fact that in Toyota plants, cvcfy worker has authority to stop the linc if' a problizm arises
that he ~annot resolve. The new appivach changed the job of cvery worker, and cvery manager, bul it also created
"more.challenging and fuifilling work for cmployecs at cvery level, from the factory to beadquarters.™

Quality was another absolute priority. Lean fuiafacturing was based on the principle of systematically
tracing cvery c:ror back 0 its ultimate causc, and "then (o devis a fix, so that it would never occur again. ™' Every
cmployce bore the responsibility to detect, correct and prevent defects. The system also dic not allow nistakes 1»
build up, contrary tc the "mass production practice of passing on crrors to keep the linc running [which) causced
errors to multiply endlessly.” Nor were there intense inspections at the end of the production linc to catch
mistakes, 5o they could be fixed in 4 rework arca. As Ohno's system developed, the amount of rework steadily
decreased at the same time the quality of the complceted automobiles consistently improved. Continuous
improvement was a basic prc.nisz of the system. "Today, Toyota asscmbly plants have practically no rework arcas
and perform almost no rcwotk. By contrast, . . . a number of cuicent-day mass production plants devotc 20 pereent
of plant area and 25 percent of their total hours of c¢fTort to fixing mistakes.”™ Kcy to the entirc systen is the fact
that lecan manufacturing builds quality control inte cvery task, rather than trying to add it at the end of (he process.

Flexible production mcthods werc also a goal under the Ican mann:facturing system. Whercas mass
prodection was based on producing gigantic quantitics of identical itcms to rcalize cconomies of scale, Ican
manufucturing was deliberately designed 1o allow morc options. Machincs were enginecred (o allow simple, quick
die chan#¢s-so they could be used to produce smaller baiches of a varicty of items. This permiticd more models (o

be produced in the same time period, with little cost penalty.”” It also made customization possible. Flexible
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methods dramatically reduced the amount of labor required to produce a car. Using contemporary figures to
document the difference, the Toyota Takaoka Assembly Plant proved almost twice as produclive as the General
Motors Framingham Assembly Plant in performing the same sct of standard activitics on a standard car.’® That
was in addjlion to being thice times as accurate. AH represent advances accomplished under Ican manufacturing
that many p;oplc rcgard as revolutionary.”

Facilitics were designed difTerently to facilitate lcan manufacturing. The idea that "less is more” was built
into the physical plant. There was lcss spacc between workers (o encourage communication.®® More compact work
areas permitted no room for littcr or discarded parts, for the simplc rcason that defective parts were immediately
traced rather than simply discarded to litter the aislcs. There was minimum arca for rework, and inventory holding '
areas were small.

Inventory and suppliers were handled much differently under lean manufacturing. Large stocks of
component parts werce never accumulated. Instead the operative idea was to have small quantities manufactured
and delivered as they arc necded, hence the common term, "Just-In-Time" supply.* This oficn equated to having
onc or iwo hours of inventory on hand, versus months' worth. There were several significant advantages that
prompted this coursc of action, Foremost was the quality issue. With small amounts produccd and uscd soon aflcr,
it was possible to rcadily detect defects before many problem units were produced, or they could be built into
completed automobiles. Facilities could be smaller because less space was needed for storage. Excess was not 2
problem rvhen models were changed and less capital was tied vp in inventory. Steady consumption also helped
eliminate the cycles so prevalent in mass production systems. Supgliers could produce and deliver at a steady ratc,
rather than working overtime to fill a large order, and then sctting idic untif the next order.  Also, large quantitics
were not purchased and held as a hedge against possiblc price increascs which further aggravates the cyclicality
ofien experienced under mass production,

Just-In-Time supply docs iris1e siva for the manufacturcr, should a supplicr fail to produce or deliver in
time, or if there is a quality prablewn, Lean manufacturers minimize that by cultivating close tics with their best
supplicrs. Supplicrs whosc performance merits such respect based on their ability to provide high guality, low cost

and short delivery time, can in turn depend on long-term customers for continued busincss. “Nearly 38 pereent of

all Japanesc subcontractors make 75 percent of their toial sales to onc paternal company. In total, 63 percent of the




subcontracted companies rely on their primary paternal company for morc than 50 percent of their total sales.”*
Mass producers often pit supplicrs against cach other, cxpecting to oblain better prices out of (he compctition.
Howecver, that creates adversarial, short-tcrm relationships, which are not very reliable in terms of price or quality,
which means the manufacturer must maintain relationships with many suppliers.” It also hinders the exchange of
information between manufacturer and supplicrs. Lean manufacturers try to work with their supplicrs to jointy
design parts, thereby reducing costs and improving quality.  Asscmblcers strive to capitalize on supplicrs’
manufacturing experience and cxpertisc, because that saves the assembler having the cultivate that knowledge.*
Lean manufacturers often offcr incentives 10 suppliers, or help finance improvemen:s. They may own a portion of
their suppliers’ stock, and the various componcnt supplicrs may have "substantial cross-holdings in cach other.**
At the same time, suppliers have equity in the assembler’s company, and there is sometimes a cross-flow of
personnel. Each of the companics is indcpendent, but they share destinies, which encourages cach to look afier the
best intcrests of the others.

Like suppliers, cusiomers arc also treated much betier under the Ican manufaciuring paradigm.
Knowledge of their particular necds and desires is sought, and scriously heeded during the production development
process. Sales are much more personalized. Lean manufacturers strive 10 foster such tolal brand loyalty (hat their
customers buy only on¢ brand for lifc.*’

The final key componcnt of lcan manufacluring is ican design of future products to perpetuate the process.

Predictably, many of the principlcs of lean manufacturing arc applicd to lcan product devclopment. Ceniral to any
effort is a project development team.* Tcamwork and shared cxpertisc arc smphasized, rather than the narrowly
defined specialists charactcristic of the mass production systcm. Tcam micmbers representing all relevant expertisc
arc assigned (o the team for the lifc of the project. Leadership is crucial. Team lcader is & sirong position, nof just
a coordinator of experis who report to other functional departments. Communication is optimized. A project
involves the greatest number of pcople as it starts, so confiicts and tradeofTr. can be decided carly, under controlied
circumstances, rather than as a compromisc at the cnd o resolve a total work stoppage. Simultancous development
of dies and body design is used to save time, bascd on thic premisc that people can work together well enough to
avoid serious probicms, "Easc of manufacturc” is emphasized throughout the design process* which ultimately

reduces the amount of effort as well as the time involved to manufacture the finished product.® Certainly results

9




vary between companies and projects. However, a recent study comparing Japancsc lean design efforts to
Americzn and Europesn m.oss production projects showed nearly a 1wo-to-onc difference in cngincering cffort and
a saving of one-third in development time.*' Such a magnitude of difference has (o be regarded as a strong
indorsement for the results possible using lcan manufacturing and design techniques.

Tne effects «.f Ican manufacturing are cvidenl in our everyday life. Japancsc cars, manufactured using
lean production techniques, are designed and produced much quicker than mass produced cars, at a lower cost, yet
consistently arc raied as the highest quality cars in the world. If the acrospace defensc industry could successfully

appoly thesc techniques, the companies would be better able 10 cope with the smaller orders (hat arc the norm today

while stilf maintaining profitability.




CHAPTER 111

LEAN MANUFACTURING AND THE AEROSPACE DEFENSE INDUSTRY

Before looking dirertly at the applicability of lean manufacturing, it is interesting to compare the present
cnvironment that exists for the United States automobile industry, which is still lazgely traditional mass producers,
with the acrospace defense industry. Both products, aircraft and automobiles, arc becoming more expensive (0
produce, more technologically advanced, and incrcasingly complex to manufacture. At the same time these
products cost more, customers believe they can afford to pay less. In the casc of defense aircrafl, the peroeption of
a reduced threat and tie end of the cold war is resulting in greatly decrcased defcnse budgets. The United States
Congress wan's to divert dcfensc dollars to increase trade, strengthen the cconomy, decrease the national deficit,
lower taxes, expand welfarc programs and healih care, upgrade infrastructure, improve education and
environmental protection -- to name a few of the competing prioritics. Both industries also find themselves in
somewhat of a crisis; the automobile manufactures facing intensc competition from the lean producers and a flat
market, and the aerospace defense industry from an uncxpected and enormous downturn in government orders.
The United States automobil¢ industry has responded by moving rapidly toward Ican production. The acrospace
industry has laid off thousands of workers, much in the tradition of mass p-aducers, but has othcrwise yet to
respond cffectively to the crisis and is still scarching for solutions.

Comparing the processes of the traditional mass production automotive industry and acrospace defense
industrics indicatcs an overwhelming number of similaritics which strongly suggest that Ican manufacturing
techniques and procedures which have alrcady demonstrated improved quality, increased flexibility and reduced
costs in the automolive industry. could be a source of similar benefits if implemented in the acrospace defense
industry. Both cmploy highly traincd cngincers, traditionally organizced along functional lincs such as landing

gear or hydraulic systcms in an acrospace defcnsc company (or brakes and drivetrain in the aulomobile industry),

who are responsible for the design in their particular specialty. Afier the design goces through a critical design '




review, the drawings arc tumed over (o the manufactluring cngineers who design the tooling and processes for
asscmbly. Finally, scmiskilled workers follow the processes and drawings produced by the cnginecrs to produce
tiie product. Throughout this very sequcntial design cffort the engineers are responsible (o their funclional boss,
not the product leader responsible for the project. Manufacwring problems arc not addressed until very late in the
design process, when changes are most expensive and difficult to make. While the increased complexity of the
mbsysten;; ‘manufactured by aerospace subcontractors has fostcred closer tics with acrospace companics than has
traditionally been the casc with the mass producers in the automobile industry. the relationship falls far short of
that enjoyed by lean producers. The major acrospace companics usuaily wely .- * .. iace control documents and
system specifications in dealing with the subcontractor instcad of the bu.'a-to-print drawings uscd by mass
producers, but still have no insight into the subcontractor's processcs. Because of the additional cost, the major
airfratner does not usually bring the subcontractors onboard carly in the design process to gain their expertisc in
setting specifications. Thus. they lcave open the possibility of specifying an expensive design when a cheaper,
simpler and morc rcliable onc may have been possible by reducing requircments just a fow pereent, or by shifling a
particular function to anothcr subsystem.

The successes of Ican manufacturers in overcoming the challenges described above suggest the same
principles could well be applicd to acrospace defcnsc companics. By reorganizing along product lines instead of
functional lincs, manufacturing concerns could be addresscd carly, lcading to a morce producable design.
Integrating design cngincers with production technicians all concentrating on case of manufacturing as well as
performance would certainly lcad to weapon systems that arc casicr to produce and repair. Engincers, with a
single boss, would be better able to focus on solving problems carly in the process, instcad of delaying until they
have grown cnough to attract management attention. Perhaps the most dramatic savings arc possible in shortened
development times. One of the largest drivers in the high cost of wcapon systems is the long product cycle. Today
it is somctimes 15 ycars between concept development and when the weapon system is fully ficlded. Such a long
time forces companics (o keep thousands of workers on a project for many years whilc at the same time the govern-
ment is forced to implcment numerous and expensive design changes as requircments change and new technology
becomes available. Shorter product development cycles, such as thosc the Ican manufacturcrs have alrcady

demonstrated relative to traditional mass produccrs, could slash cosls dramatically while providing the customer a
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more state-of-the-art system that better mects requircments. f the onc-third decreasc in development cycles seen
by lean producers could be repeated by aerospace manufacturcrs, the cost savings would be billions of dollars.

Changing the rolc of the subcontractors and major supplicrs should yicld the same results in acrospace
companics as in lcan manufacluring automobilc companics. By incorporating concerns of the subcontractors carly
in the design process, the major zirframers will not only have beiter defined specifications and interface control
documents, but when changes are required they will have a much better understandirg of their cost, schedule, and
performance impact. This in ture: will lcad to a less expensive and higher quality product. Just-In-Time delivery
techniques, impossible with traditional supplicr rclationships, could be implemcnicd if subconiractors and
airframers work more closcly together, further cutting costs by reducing cxpensive inventory.

Key differences also exist between the automotive and acrospace defense industrics. Aircraft are a great
deal more complex and expensive to develop, produce, and purchase than automobiles. Instead of production runs
numbering in the hundreds of thousands, future acrospace orders will probably be just a few hundred at most.
Finally, workers on the manufacturing floor in the acrospace industry arc more highly skilled than thosc in the
typical mas; production plant. However, rather than calling into qucstion the applicability of lcan manufacturing,
it can be argued that thesc differences should be viewed as inceitives. The complexity of an aircrafl as compared
to an automobile is onc of magnitudc, not kind. Both are powcered by advanced engincs that must deal with
concerns of fuel cconomy, low maintenance, low weight, and cnvironmental impact (cmissions for automobilcs and
smoke for airc-aft) that forcc comproniscs in the design. While function imtially drives the overall shape, the
design of automobiles and aircrafl must be tempered by acrodynamic concerns as well as inputs from other areas
(styling for automobilcs and radar cross scclion for modern fightcrs). 1t is very probable that application of an
integrated product approach and Ican manufacturing tcchniques instcad of the morc traditional stovepipe
functional lines will yicld even greater bencfits in a complex systcin such as aircraft. One of the most positive
results of lean manufacturing is that pants and systems work together better than those designed and made using
traditional methods. Complex mechanisms with many interactions suffer greatly when one particular part or
system fails to meet specification or performs poorly. An engincering change in a single component, can have
far-reaching effects on subsystems that arc oflcn manufactured by outside suppliers  As the redesign cffort tricklcs

throughout the weapon sysiem, cost incrcases cxponcntially and the schedule slips cver further behind. So it would
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seem that complex systems arc even less tolerant of the inefficicncies inherent in mass production than simpler
machincs such as automobiles. Also, the advanced metals found in aircral are expensive and somctimes
impossible to rework, suggesting that the more cfficicnt manufacturing methods resulting from lean techniques
may result in dramatic cost savings.

The smaller production runs cxpected in the future arc a strong argument against traditional mass
production techniques. Downsized drastically from past decades, current contracts arc for very small quantities of
aircrafl, such as only 20 B-2s. Instcad of the thousands of F-16s produced in the 1980s, the total buy of F-22s will
probably be less than 500 (ihe current buy stands at 442). In today's cnvironment, companics using mass
production techniques and configurcd on functional lincs arc doomed 10 fail because they depend on large
production runs to attain the economics of scalc that allow that systcm to operatc. Mass production, dependent on
very large numbers of identical units, is poorly suitcd to the smaller numbers found in acrospacc companies. Lean
production on the other hand, with its cmphasis on (Iexible tooling and more rapid innovation on the
manufacturing floor by the workcrs, is much betier suit:d to the acrospace industry. The cmphasis on machincs
that can accomplish multiplc functions makes scnsc in terms of not tying up resources or facility space with overly
specialized equipment that will be used 10 make only a few hundred items, not hundreds of thousands.

Ironically, today's aerospace defense industry has clements of crafl production, cmploying more highly
skilled assembly workers than the automobile industry. Crafl production might at first glance scem better suited
for the smaller production runs forescen in the future, Unfortunaicly, standardization requirements and the
complex technology of modern aircrafl prevent a return (o the days of truc craft production when each item was
hand crafied on an individual basis. However, the better trained work force already in place bodes well for
implemcntation of lcan production techniques. The more highly cducated acrospace workcr, who alrcady cnjoys a
better undcr.standing of manufacturing techniques than his automobile industry counterpant, will become cven
more praductive when ecmpowered to make continuous improvements as demanded by ican production.

Perhaps the biggest impediment to implementing lcan production in the acrospace defensc industry is the
fact the companics have ncver had to truly compele in a frce markel, and therefore have less incentive to be "lean.”
More than any other factor, this may explain why defense companies have lagged behind other manufacturing

segments in implementing lean manufacturing techniques. If costs risc during the acquisition cycle, companics
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have traditionally enjoyed great success in obtaining more moncy from the government to cover what would be
huge losses for a frec market company. Afier having experimented with various types of contracts during the past
decades, it is still not clcar the Department of Defensc has found a way 10 successfully sharc the cnormous risks
associatced with weapon system development with the companics. Thercfore, acrospace defcnse companics may
lack sufficient economic incentive 10 make the fundamental organizational changes needed to implement lcan
production.

While government contracts may not offer the cconomic incentive to change. the post-Cold War defense
market just might. Historically, the Departmeni of Defense has always had unough business to keep all the
acrospace defense companics profitably cmployed. New aircra\R or&prs, typically scveral each decade, for
thousands of aircrafl were usually sprcad among numerous oom';')a'nia 10 keep the dteasc industrial base stong.
As pointed out earlier, this is no longer the casc. New aircraft buys arc now much smallcr, and it appears Congress
may allow only one new aircrafl into production each decade. Much like the Big Threc in the 1980s, the acrospace
market has gonc from plenty for cveryonc to being very competitive.

The rapidly shrinking mar! £ hi25 o:.cpdy aad an rilect. Thci 'a_crlospa'ce defensc industry is now down to
only four major airframers and (W¢: eng i Paaw? :surcr:s. as market oo;ldélioﬁs,'has:c forced mergers and outright
withdrawal from the market. Such laig. <nd vieli-known compacs as Grumman ax‘ndl_ Rockwecll arc no longer
major players in the airframe busincss. In discucsing his company's withdrawal as a major airframer, Grumman
Corporation Chairman and Chicf Exccutive O'ficer explained, "We were shown a chart [from Sccretary of Defense
Les Aspin's Bottom-Up Review] indicating the anmber of fighter aircraft primes in the busincss now and the
numbecr that will survive by the end cf the docadr;. The numbcer was two. [t's obvious Lockhccd and McDonncll
Douglas arc the odds-on favoritcs. They have the rescusess (o ride it out. We don't. "I’hc Dcfensc department was
pretty clear: There's no room for us -- or for many of our co;-npcl’.t.f;rr- - in the uitfcame business."”  Even so, the
economic health of the remaining companics is not assurcd. Following the award of the F-22 Engincering and
Manufacturing Development contract (o Lockhced and Pratt and Whitney tn 1991, the losers in the competition,
Nerthrop, McDonnell Douglas, and General Electric, laid ofT tlousands of wo-kers and saw their stock prices
tumble. Thus, the incentive to implement lean manufacturing is the fact that for the first time acrospace defensc

companics are vying for business in a very compcetitive market.
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CHAPTER1V

THE LEAN AIRCRAFT INITIATIVE

The aircraft industry suffcrs many of the problems found in the automotive industry, including rapidly
declining market share, over capacity in capital and labor as well as lengthening design times. On the basis of
IMVP conctusions, and bencfits since derived by American companics that have adopted Ican principles, the ASC
Commander, Lieutenant General Thomas R. Ferguson, Jr. (now retired), directed an cvaluation of the application
of lean production to th: aircraft industry in May 1992.*' In November 1993, dircction was given to procecd with
an IMVP-like program for the air-ra? industry. Titled the Lecan Aircraft Initiative (LAI). it represents a
consortium of industry, govemnment and acadcmia. National labor union ofiicials arc also involved in the effort.™
Sponsored by 25 compani=s™ and the Air . ‘drce, it will involve a three-year rescarch cffort bascd at the
Massachusetts Institute of Technology (MIT).* The study is cxpected 1o cost an estimated $5 million, which will
be shared equally by the Air Force and industry. Using lcan production principles as a starting point, it will make
a comprehensive examination of all sectors of the aircraft industry - including airframcs, cngincs, avionics,
equipment, subsystems, and government-industry interfaces.  Specific focus areas that have been identified are:
product design and development, fabrication and asscmbly opcrations, supplicr nctworks and relationships,
organization and human rcsourccs, policy and external environment ¥’

The intent is (o identify Ican production techniques that will Ict the acrospace industry develop higher
quality products in less time at lowcr costs. Specific goals include shorter design tlime, sinaller inventorics, fewer
management laycrs, less capital outlay, lcss cycle time and fewer supplicrs.”® The study is also cxpected to
"providc hard data that could be uscfu! in reforming the acquisition process, specifically identifying government
regulations and procedurcs that impair efficiency.”” and "government accounting, oversight and contract practices
that do not add valuc to a product."® An cducational program at MIT dcaling with systems cngincering and

manufacturing technology is being developed in conjunction with the L2 ..* Professor Danticl Roos, Director of
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MIT's Center for Technology. Policy and Industrial Development, was a key rescarcher in the IMVP presented in
The Maching that Changed the World. Hc will also be onc of the LAT project directors. He reports he has been
impressed by the response from the industry during ninc months of preliminary rescarch.® "He expected
companics o be reluctant to discuss what they considered proprictary information . . . [but] faced with the prospect
of a shrinking defensc budget, fewer new program starts and smaller production runs, industry officials realize that
dramatic changes are needed.”® The LAI officially began its assessment and implementation phase at MIT in
May 1993.* By the end of Jurc 1993, seven rescarch projocts covering the various focus areas were undcrway or
in advanced planning.* While some preliminary findings have been presented (rom the LA pilot rescarch project
on invenlory practices, il is 100 carly to draw finn conclusions from the LAI effort. Howcever, indications arc the

potential exists to realizc benefits similar (o the improvements made in the automobile industry as the result of the

IMVF study.”




CHAPTER YV

LEAN MANUFACTURING IN THE F-22 PROGRAM

Lean manufacturing techniques arc alrcady being ecmployed as an integral part of the F-22 EMD Program,
involving the government acquisition tcam and the threc companics who comprisc the prime contractors
responsible for building the weapon system. The overali lean manufacturing plan is described in the F-22 Lean
Enterprise General Plan, which focuses on two key concepts: (1) optimization of the major enterprise process
flows and (2) driving out waste in all forms {rom thesc process flows."® This top level document details how cach
of the threc companies, Lockhecd Aeronautical Systcms Company (LASC) and Lockheed Fort Worth Compar y
(LFW<), Pratt and Whitncy, and Bocing Military Aircrafl (BMA) will implement lcan manufacturing. While
differing slightly in details bascd on how cach company opcrates, all documcents arc stmilar in concept and scope.
In this paper I will discuss only thc LASC plan, as it is representative of cach of the lcan cnicrprise company
plans.”

The LASC F-22 Lean Enterprise Company Plan is divided into {ive arcas: design, factory operaticns,
supplier chain, customer relations, and management. Within LASC and between the major pa-iners, integrated
product teams (IPTs) have becn estabiishad for every major design activity of the F-22, along with a tiered

integration/review process of sclected scnior functional representatives, This scheme is virtually identical 1o the

management structure used by successful lecan manufacturers iu other industries. Onc added nuance that has not
been necessary in the automobile industry is the addition of government engineers and program managers as
integral metbers of the IPT process. For each IPT in the company. therc is a corresponding IPT in the 1
government. The company IPT lcaders and their governiient counterparts arc expected to function logether as
members of a unified tcam, rather than in the adversarial rolcs that have typically characlcrized past weapon
system acyuisition programs. This structure should reduce the total number of expensive and time-consuming

design changes that typically occur throughoul the program. Therefore. LASC is using the number of cumulative




engincering- design changes per released drawing as compared to iPT-developed goals as the metric for successful
implementation of ican manufacturing in this arca.

Factory Operations is an arca where LASC hopces (o reap significant bencefits. The Factory Operations
portion of the F-22 Lcan Enterprise Company Plan centers on a new organizational structure aligned to major
_process flows. In Fabrication and Assembly, these new organizational structurcs arc called focused factorics. Each
focused factory is related 10 a major group technelogy product family (in this casc the F-22) and all the resources
required to achieve the product family output arc contained within the focused factory. Management is arranged so
one manager has compicte control of the process under his or her authority. In Production Engincering, pilot
programs using artificial intclligence algorithms arc being cvaluated to reduce throughput time and cost in tool
design and parts programm:..g. In Matericl, LASC is in the process of reducing new material invenlory from
seven months to three months' worth of inventory on hand, and progressing from there to daily delivery. To
measure the effectivencss of these plans, LASC is using four metrics: (1) cost of scrap, rework and repair or defects
per million by time neriod, (2) process capability baselines for processcs that control key characteristics of critical
parts and assemblics, (3) inventory turrs, and (4) reduction of fabrication and assembly Quality Assurance
inspections.

The major cffort to integrate Ican manufacturing practices into the supplier chain is to bring supplicrs into
the IPT environment. LASC has initiated a supplicr rating systcm by which cach vendor is rated on a regular
basis. This information is sharcd with the vendor so manageiment attention can be focuscd on thosc areas needing
improvement. Two metrics are being used to measure supplier compliance with can manufacturing objeciives:

(1) reduction of incoming inspeclions based on supplicr-demonstrated capability, and (2) ihc percentage of ey
vendors who agree (0 pursuc lcan cnterprise objectives.

A more focused approach to cuslomer needs is cvidenced in the government-contractor 1P “tructure
which it is hoped will lead to closer working rclationships. Intcgrated tcam activitics «ire uscd instcad of metrics as

a measure of the effectivencss of better communication with the customer. Examplcs include annual Scnior

Exccutive Off-site Conferences and periodic program revicws.
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To improve the cfficiency of the management process, LASC is creating new orgamizations to better align
management responsibility with the key manufacturing processes. The focused factorics discussed previously arc
an cxample of this approach. The mctrics used to measurc this arca arc conformance to standard Cost/Schedule
Control System Criteria (CSCSC) data and the Integrated Master Plan and Integrated Master Schedule.

The adoption of lecan manufacturing principles has already led to dramatic ‘raproveincnts. In the
Fabrication shops, a pilot project was cstablished to validate the focused factory concept that has been running
successfully for over two years.  Inventory, as measurcd by stop orders in-rrocess, aropped from a high of 6,000
(and a low 6f 600) to just 500, and throughput mcasured in days dropped from 65 to I5. This suggests the focused
factory concept shows great promisc as the program moves from design to assembly. Customer relations between
the contractors and government cnginecrs and managers have reached positive Ievels never seen just a few years
ago, suggesting a new paradigm hzs indeed taken root. Contracior and government IPT lcaders have adopted an
attitude of sharing problems and responsibility, whilc working together to find solutions. In other programs, such
a closc working relationship would result in accusations of "being in bed with the contractor.” [In fact, government
managers now become aware of problems carlier when they are better able to help. and contractor crginecrs get
fast answers (o requircment questions, allowing them to provide exactly what is nceded and nothing more. "Gold
plating" a design to meet some obscure contractual requirement that the customer does not cons:der crucial, chould
be a thing of the past.

As with all new ideas, growing pains have occurred and some unforcseen problcirs have materialized.
While tine [PT structure has many bencfits, one drawback is the tendency for [PTs to become 100 focused on their
individual product, sometimes forgetting their lacger purposc 1o produce a weapon system. LASC has responded
by crcating Analysis and Intcgration (A&I) Tcams at several levels (o pull rogether the dcsigns of the various IPTs.
A good cxample of the valuc of the A&l Tcams was the summer 1993 discovery that the bascline design did no
correctly integrate the compley, interdependent aircraft subsystems 1o allow all to be brought on line during normal
cngine stari. The tcam aiso focused on improving cockpit starting procedurcs. as the bascli - quired
constant pilot atention and action, causing a high workload. The IPTs, togcther with the A&l Teams, have now

produccd a user fricndly design that has been highly praised by Air Combat Command pilots.
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Another arca of concern is the personnel system presently in place at LASC. Unfortunaicly, the IPT
structu. ¢ is not recognized by the Human Resources Group that manages personnel actions, performance
appraisals, and ultimatcly, pay. This has led (o contradictions such as 1PT Icaders not being recognized as
managers and thercfore not receiving the benefits to which someonc in their position is normally cntitled. At the
same lime, an IPT lcader may have a subordinate scveral levels down recciving higher pay and other perquisites
because he is considered a manager under the "old™ systemn (as recognized by the Human Resources Group).
Further compounding the problem, IPT lcader appraisals arc writicn by the functional supervisors recognized by
the Human Resources Group, rather than by the IPT icaders at the next higher level. Such inequities
understandably lcad to friction and other problems. A specific example of such problems arosc in carly 1994 when
a Lockhced IPT leader tcndcr.cd his resignation. D-spi‘c his 50-60 hour work wecks and inicnse responsibility, he
had people assigned (o him who were working a standard 40 hours per week, being paid scveral thousand dollars
more per yea. and receiving higher appraisals. Finally, he decided to return to being onc of the 46-hour-per-weck
workers, and let someonc clse deal with the stress, worry and time consuniing responsibilitics. Unfortunately, this
is not an isolated instance. To realize the benefits of lean manufacturing, there must be changes in personnel

management so the sysicm can operate as intended.

- -

Fil.xally, as in any ncw paradigm, change is sometimes difficult. There are still thosc within contractor
and government management who do not fully support th~ new relationship the IPT structure has fostered, and are
uncomfortable with the opcnncess required.

The F-22 program nas adopled many of the tencts of ican manufacturing, yet the final verdict is far from
in, and the overall oul~ome will not be known for many ycars. Many qucstions remain (o be ansvicred. For
example, the government-contractor 1PT structure has not yet been tested under fire. Unuil the recent budgeting
rephasc effort described later in this paper, the F-22 was always the protected child of the Air Force and received
the funding requested. Now, with some government officials questioning cven the need for the F-22, that is no
longer the case. The prograr.i can expect rough times ahead that will try dhe close relationships developed in better

times. Jt must be remembered the government and the contractors have fundamentally different purposcs. The

F-22 govcrnment program managers arc responsible for procuring a weapon system that mects the Air Combat




Command requirements at minimum cost, while the contractor managers must answer to stockholders and show a
profit. The cost plus award fee contract helps merge these differing goals, but when there is simply not enough
money to go around, the government managers will incvilably pressurc the contractor tcams 1o do more with less.
The rephasing effort led to a few strained relationships, but this could be just the first shot in 2 very long budget
war.

Perhaps the biggest impediment 10 successful implementation of lcan manufacturing in the F-22 is the
environment in which development is taking place. To a degree not found in the automobile industry, the
acquisition system is susceptible (o outside budgetary and political influcnce that could scriously interfere with the
promiscd efficicncics of lcan manufacturing. No bank would suddenly cut funding it had promiscd on a new car
development part way through the design, yet that is exactly what happens routincly in government acquisition.
Year 1o year funding over the design cycle is far from certain, and while many other aspects of the F-22 program
have changed as a result of lean manufacturing initiatives, sometimes dramatically, the political and fiscal
structure remains much the same. Requirements changes arc somctimes mandated from the United States
Congress, not the customer, which result in costly and time consuming changes to the aircraft. In addition to
dealing with the uncven fundir.¢ that can result when national priorities change, the F-22 program managers arc
constantly asked 10 justify every requirement of the program to politicians who ofien do not have the technical
background to undersitand why dccisions arc madc as they are.

The uncertain funding has ajrcady had a dramatic impact on the F-22. In May 1993, the F-22 Program
Managcr was toid that the FY 1994 budget would have to be reduced by $283 million. It took ncarly six months of
intznsc effort, called rephasing, by government and contractos personncl to restructure the program budget to meet
the new yearly fundirg ccilings.” They achicved this by sliding major cvents and schedule milestones to the right
and cutting back on the scope of the EMD cffort. For cxample, the critical design revicw for the air vehicle was
delayed ﬁv_c months and first flight was slipped ncarly a yecar o mid-1996. The numbcer of EMD 1test aircrafl
procurcd was reduced from 11 to 9. Not surprisingly, total program costs increased $714 million.

While it is difficult to preciscly analyze the cfTects this will have on the cfficiencics resulting from the
implementation of Iean manufacturing methods, some adverse impacts are incvitable. The success of lean

manulacturing depends on reducing all schedule and process incfTiciencics to zero by having the correct number of
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personnel working on the right tasks at just the right time. Subcontractors and vendors must deliver parts and
subsystems just when they arc nceded. While the rephasing cffort succeeded in reducing the budget to match the
funds atlocated by Congress, the numerous changes in the schedule wrought havoc on months and years of efforts
1o optimize deliveries by subcontractors, and the manpower aflocated for the various cfforts. LASC. LFWC, and
BMA have precisely calculated the number of enginecring and faclory workers needed throughout the lifctime of
the contract. With the introduction of schedule slips, it is incvitable that at some times the workers will not be
needed because the task they were supposed to be working on has slipped. In fact, in compuling the additional
costs as a result of the program delays, government and contracior financi ) experts typically use a 20 pereent
reduction in efficiency for the amount of time cqual to the slip, in this casc cight months. Similar manning
problems afflict the subcontractors. For cxample, once LASC puts a subcontractor on contract to deliver a given
component, that subcontractor in turn begins hiring the necessary manpower and technical expertise, and sending
oul requests for proposals (o his vendors for the raw maltericl that will be needed to begin production. The
introduction of a six-month or onc-year schedule slip puts the subcontractor in a precarious position. Workers
already hired cannot be told to come back in a year when they will actually be nceded, nor can contracts for raw
matcriel already ordered be turned off. As a resull, the subcontractor must keep and pay the people already hired
and provably pay penaltics for changing the raw matericl contracts. In times past the subcontractors could shift the
workers to other programs temporarily, but in these days of reduced defensc spending, that is often no longer
possiblc. Thereforc workers, although probably under utilized, arc kept on the payroll until they are needed.
Becausc of the way contracts between the prime and subcontractors arc written, many of the costs will be passed
back to the prime. The exact impact depends, of course. on how much Icad time is required by cach subcontractor.
At the time of the rephasing some were not cven on contract yet, while others had only begun ramping up, so the
full extent is impossible to quantify. However, it is probabic that the impact on cfficicncy is substantial.

Even more harmful perhaps is the effect the resulling schedule slips have on prime-subcontractor
relations. The primc is being squeczed by the government 1o reduce costs, yet with as much as 80 percent of the
vehicle manufacturcd by subcontractors. the prime has no other option but (o try to force the subcontractors lo

absorb the cost and schedule impacts resulting from government funding cuts. The subcontraclor, well aware of

the decreasing defense work, may fecl there are no other options, and therefore agree. Yet this hardly lcads to the




type of relationship between prime and subcontractor enjoyed within the Japancse automotive industry; indeed, it is
reminiscent of mass production at its worst.

Industry and government program managers arc well aware of the problems crcated by changing vendor
contracts and have avoided doing so whenever possible. Howcver, that leaves enginccring and manufacturing as
the only arcas v-herc moncy can be saved. Design cngincers arc alrcady working on final.zing the design and
the:efor: cannot be 1aid off and then rehired again when necded. Manufacturing, on the other hand has not yet
tegun, so it relatively easy to delay tooling and put off hiring factory workers until later in the program. This
inevitably adds to the overall cost, $714 million in the case of the rephasing effort, and is detrimental to efficiency.
For example, Laockheed has delayed hiring the manufacturing engincers needed Lo design and draw the tooling by
n&rfy a yo:ar Hence end-item design and tooling design that should be accomplished concurrently will now have
to be done sequentially in many cascs. As a result, at the critical design reviews for many of the subsystems
occurring during the summer of 1994, government and company cnginecrs wili have only tooling concepts to
revicw, rather than actual drawings. Al this point, it is impossibic (0 calculate the incMicicncies and mistakes that
will result, not to mention the lost benefits that come from the synergism when detailed manufacturing design is
done during early phascs.

As (his paper is being written, the F-22 program is going through yct another rephasing cffort. When the
FY 1994 budget was passed, Department of Defense officials noted Congress had inadvertently cut another $163
million from the F-22 budget. While no one is presently surc why the money was cut - there was no language to
explain the reduction -- program officials arc wrestling with how to make ¢nds mect, With the fiscal year alrcady
one quarter over, it is even more difficult to find ways to adjust the funding profile to mect the cut. To make
malters worse, program officials were told (o expect ancther $100 million cut in FY 1995,

Congressionally mandated changes in requircments arc alrcady having an impact on the F-22. In late
1993, months after the F-22 successfully passed a preliminary design revicw, thus scttling on a bascline approach,
Congress mandated the F-22 should also have air-lo-ground capability. This requircmcnt did not rome from the
user, Air Combal Command. nor was it driven by changes in the threat to the United States. Rather, scveral
Congressmen felt that for the amount of moncey the F-22 wauld cost. it should have an air-to-ground capability.

They cvidently did not realize that cfforts in the past to make fighters jack-of-all-tradcs have resulted in designs
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that arc not particularly exceptional at anything. The result on the F-22 program is cxpensive and time-consuming
design changes that will ultimatcly cost ncarly a billion dollars and delay the program scvcral months.
Congressional intcrfercnee has cven extended to lcan manufacturing itsell. In the language of the 1994
Appropriations Bill, Congress withheld $200 million until F-22 program managers could convince them that
building hard tooling during EMD for usc in production was wisc. This, of course, is on¢ of the fundamental
principles of lcan manufacturing and has been successfully used by lcan 2uto produccers for ycars. Congressional
staffers, less knowledgeable in modern manufacturing techniques. adviscd clected officials that this was risky and
that the design would be less able 1o accommodatc latc changces in requircments, such as the addition of the
air-to-ground mission. Whilc it is truc that early purchasc of hard tooling makes latc design changes difficult and
expensive, the entire lcan manufacturing process cnsurcs that any design changes that result from refinements as
the design matures will bc minimal. Of coursc no process, including lcan manufacturing. can account for changes
in requirements that have not yct been identified, and thercin lies the crux of the problem. At the time this paper is

wrilten, this has not been resolved.
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CHAPTER VI

LEAN MANUFACTURING IN THE EUROPEAN DEFENCE INDUSTRY

Scveral European defense firms arc also striving to implement lcan manufacturing. Facing a declining,

yet increasingly competitive markcet similar to that troubling Amcrican firms, somc sc¢ Ican manufacturing as a
means to continued survival.

| GEC-Marconi, a British subcontractor to Lockheed who produces the Head-up Display (HUD), Integrated
Control Panel, side stick controller, and flight control computers for the F-22, is now working to adopt lean
production, as they refer to it. They report they have been involved in the implementation process for about five
years. It appears full implementation is still far from compietc, although they are actively employing many lean
manufacturing techniques. They use Statistical Process Control (SPC) (o detect and track problems, and believe it
works better than in the past when judgment was based more on instinctive evaluation. They use Integrated
Product Teams with cach tcam responsible for its project, different from the past when a group might have a
functional part of ten projects, but no overall responsibility for any of them. They recognize the importance of onc
line of authority, and said their tcam feader is the onc person who calls the shots. They have implemented the
Projects Directorate, which exists as a corporatc advisory board (o assist the product teams. All thc members have
significant expericnce Jhat they belicve adas credibility. They cmploy process verification instcad of inspections
for quality control, and arc quite plcased with the results.  As one company official commenled, "It makes sense
because you often cannot (est the complicated things, which mcans you tend 1o end up testing only the casy things.”
They have downsized significantly as part of their strategy for coping with reduced purchasc quantities in the
future. Going from 16 (o 2 production shops, thcy now have the same people doing multiple jobs, as opposed (o
people being dedicaled to just onc tzsk. They report an cxcellent rapport with organized labor, which would scem
to indicate l;\cy have done a good job communicating the nature of the changes, and the reason for change - which

they state quite simply was survival.
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Inventory and supplier relationships were subjects of particular interest to them. In terms of
Just-In-Time™ delivery, they expressed reservations because the concept carrics risks. They said they would like o
think ihcit_s_ilualion is not as bad as "just in casc” inventory, but acknowledge that they arc not at the JIT point yet.
They also do not see JIT as necessarily the total answer. While it works well if applied (o high volume items with
at least a month lead time, they said it sounds bettcr than it works for special componcnts. They make the point
that JIT production is not realistic becausc many special componcents cannot be cost-¢flectively manufactured in
small enough quantities to maich their requirements. Henee, special components tend to be produced in larger
groups, and then held by the supplicr until required. This produccs the appearance of JIT production, but
represents no change from past practices. GEC personnel think a better idea is to move toward disciplined
common components, so the same item will fit a range of programs.

Supplier relationships have changed in scveral ways. The rapidly reduced platforms and numbers of end
items to produce have made it impossible to sustain as many supplicrs as in the past. Some suppliers have gone
out of business. GEC has cut others. and is in the process of climinating more. Their emphasis is on long-term
rclationships and they now approach it as morc of a partacrship. However, they have grave rescrvations in this
area, because cutling the supplier basc carrics risk. They fear that if there is only onc supplicr of a necessary item,
that firm can charge whatever it chooscs, knowing the customer has no viable alternative other than to pay the
price demanded. GEC was morc optimistic about the quality issuc with supplicrs. Supplicr certification is
becoming more the rule, and quality control inspections are being reduced. GEC has firmly accepted the idea that
quality must be built in, that it cannot be inspected in.

As a subcontractor to Lockheed, GEC-Marconi is contractually commitied to formulate an F-22 Lean
Eaterprise Company Plan, however they have not yet done so in February 1994.

In summary, GEC-Marconi secs conlinucd survival as depending on winning new busingess, structuring to
do the business they have, and being respcasive to their customers which will attract busincss. Lean
manufacturing in onc way they are striving to produce a high quality product and be responsive to the nc s of
their customers.

British Aerospace Defence Dynamics (BAc) has analyzed their situation thoroughly, and changes based

on principlcs of lean manufacturing arc part of scveral oplions they have pursucd in their cfTorts (o cnsurc the




continucd survival of their company. BAc belicves acrospace defensce firms have only a small group of busincss
considcrations (variablcs) to balance.”™ They are: Supply. Dcmand, Politics and Technology. There arc a number
of interrelated strategic issues associated with these considerations. In terms of “Supply,” there currently exists
significant overcapacity bascd on the "Demand” for mililary aircrafl which has been volatile, but in slow decline
since the 1960s. Contributing to that decline, changing "Politics™ prompt Icaders (o perceive a reduced threat,
minimum force needs, increased development costs and budget pressures as reasons 10 reduce aircraft acquisition,
"Technology® changes also affect acrospace companics. There has been a significant shifl in where value is added,
causing companies (o refocus. In 1960, construction of an airframc represenicd 40 percent of the valuc added in
the production process. In 1990, the airframe represents only slightly morc than 20% of the value, while cngine(s),
avionics and integralion cach represent larger proportions of the value added.

Based on these considerations and strategic issues, BAc has identified six major threats they believe
cndanger their existence. Markets have moved from slow decline (o rapid fall-off. Devclopment costs continuc to
accelerate, further damping demand. The tochnology gap may be widening between major competitors. Smaller
scale production increasingly cxposes cost disadvantages for individual manufacturers. Airframe prime contractors
are suffcring from the erosion of their valuc added share. Exports may be compromised by joint development and
production arrangements.

BAe Icaders have conceptualized the following as possible survival oplions:

(1) Shut Down - Exit unprofitable scctor.

{2) Strip Down - Reduce cost base to remain profitable and creaic imore opportunities.

(3) Sell - Capitalize sharcholder value, and gencrate funds 10 invest in creating a morc focuscd critical mass that
can concenlrale on core competence.

(4) Swap - Exchange/merge assets to create a market icader.

(3) Spin-Off - Create a profitable stand-alonc activity that is beticr structurcd 10 sustaining and winning business.

BAc Icaders have adopted many of thesc options, 1o varying degrees. They have shut down facilities,

downsizing from 16 sites in 1988 (o0 3 sites in 1994, They have stripped down, reducing their cost base

significantly by going from 16,500 employccs in 1988 to approximalcly 4.000 in 1994. They sold BAc Corporalc




Jets Division to Raytheon for $0.375 billion in 1993. They empleyed the concept they call spin-off in creating
BAc Military Aircraft Soflware System.™ The actions described above are what they have done. Through it all,
lean manufacturing has been a major part of their strategy for how to do what was necessary.

Valuable lessons can be drawn from their expericnce, in terms of what they found most important as they
sct about the ongoing process of cmploying the principles of lcan manufacturing. The benefits they have realized
also merit close scrutiny. First and foremost, they treat human resources as the most important factor. They
considcr open communication at every level their top priority. Information must flow frecly between groups as
well as individuals. Managers, workers, union representatives, tcam leaders and tecam members as well as
customers must be kept informed. Among the lessons they Icarncd was impart the vision to all constantly. and act
carly; do not ignore problems and difficultics. Foster opcn communication of problems, the nced for action, and
the timetable for that action. Employee involvement is crucial at every level, so everyone knows what is going on,
and there arc no surprises. They also cmphasized communication flow in external dealings, so customers also
know what is happening. Reorganization must not be uscd as an cxcuse for poor performance. Rather, customers
should understand the objectives, so they can measure progress. Trust and creditability between management, the
labor force, suppliers, and customers 2rc all imporiant.

Employee involvement is another crucial component in terms of human resources. Individuals feeling
ownership and taking part in sctting (argets is important (o rcally adopt Iean manufacturing. To be successful, the
process requires each individual be flexible, develop multiple skills and pursuc continuous improvement -- which
cquales (o sizable commitment. BAc personncl said (o be sure to keep telling employees why they are doing what
they are doing.

BAe belicves strongly that training is a kcy way Lo increasc human capital. During the first 18 months,
they spent 400,000 - 500,000 pounds on training. That included sending managers lo Japan for three monchs to
Icarn lcan production practices where they were developed and perfected. Shop personnct reccived two months of
- training in England. Focused training continucs about lcan manufacturing, and particular skills. When cinployecs

are reduced, specialists climinated and workload drops, individuals must be multi-skilled so they can do morc jobs

than in the past, which rcquircs additional training.




Organizational structurc is a second arca BAc considers critically important based on their experience.
Their recommendation is to strive for a flal, responsive organization with Iess layers and fcwer managers. One of
their problems was they began with U1 different layers within their organization. Their advice is reorganiec if
necessary, so there is a singlec management tcam and as many project tcams as neceded. They have found an
organization that is project driven rather than ‘unctionally driven to be more effective. They operate with S - 50
people in cu.. teams (or intcgrated production teams as they arc also known), and concentrate on having clcar
roles and respensibilitics. Personality and expericnce are important factors, but potential as well as past
performance was considered in forming tcams. They conducted psychome?ric testing o detcrmine who might be
the best team lcaders. BAc also realigned their organization to concentrate on creating and developing core
competencies. For example, they moved away from work on scckers ("the cycs” of a weapons system) to focus on
guidance and control ("the brain® of such a system). BAc leadership has divested the company of non-core product
lines. Illustrating this point, thcy no longer arc involved in work related to humanitarian, non-combat roics and
missions for the military. The structurc of a company affccts how they approach cverything they do, which makes
it an intcgral component of ican manufacturing.

Associated with how a company is organized is what the company fecls is important. BAc specifically
focuscd their priorities on: communication, customers, cmployces, sharcholders, quality, programs, products, and
technology. Those priorities did much to shapc what and how they conduct busincss. BAc develuped scveral
programs 10 support these prioritics. Cost and performance management is a key arca receiving atiention.
Mcaningful measurement bascd on Kcy Performance Indicators is a subset of this. They have developed personal
and team Performance Objectives. They also concentratc on cost reduction by using Activily Based Costing that
analyzcs where the most significant cost of producing an itcm occurs.

BAc also emphasizcs their Performance improvement Program. They have institutionalized the idea that

time must be dedicated to the cffont for performance improvement to be realized. They hold a § minute mecting
cvery day at 2:00 P.M. (o discuss how 1o fix problcms cxpericnced that day, and 20 minulcs arc allotted to fix cach
day's problems. Every second week, they schedule a four-and-a-half-day work week, with the remaining half day
reserved for "working fixcs.” 1f the time is not nceded to solve problems, it is used for ongoing training. Employce

involvement, focused training. continuous improveinent groups and open communication arc crucial.
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Quality and non-conformance issues are addressed in several ways as part of their Performance
Improvement Program. SPC is employed to identify processes nceding attention. Quality control inspections have
been greatly reduced. Replacing inspections is rigorous product certification which integraics inspection of the
product ang inspection of the processes used to produce the item. When they have confidence in the produclion
techniques ;s well as the prodduct, inspection is accomplished only occasionally on a random basis. This has
affected BAc's relationships with suppliers as well. BAc saves time, money and cnergy by inspecting on only a
random basis ithose scocond- and third-tier suppliers who have quality in place and meet cerlification standards.

BAc's treatment of inventory is a finzl arca worth examining, especially since they depart from the lean
manwfacturing principle of Just-in-Time. BAc has found Just-in-Time production to be too hard to work with.
Instead, they employ an approach they call Just-Enough-Desirable-Inventory (JEDI), which they usc to monitor
their inventory. It limits thc amount on hand, but at the same ume it makes slightly more inventory available,
which allows more flexibility in the production and deliver process, and provides the prime contractor a safcty
margia should problems develop with a sccond- or third-tier supplicr.

BAce is extremely positive about the benefits they have achicved using lcan manufacturing. When they
began, thcy were experiencing many of the same problems that trouble automobile mass production manufacturers.
They were facing steadily increasing competition, and a great deal of customer uncertainty. They had excess
capacity, and facilitics that duplicatcd cach other. They had cxtensive inventory on hand. Their programs were
years behind.  Their manufacturing processcs suflcred from a lot of wastc, low productivity and a lack of valuc
added. Their hicrarchical organization consisied of 11 layers which resulted in a slow, unresponsive burcaucracy
and high incriia. Understandably, they had a poor reputation among their customers. Aficr having unrescrvedly
adopling lcan manufacturing, they arc highly satisfied with the results. They are convinced they produce a betler
product at lower cost becausc the processcs they use are more cffective, and less tabor is required. The company is
concentrating on what it does best, and all tiic players, labor and management. are involved and working toward
continued success.

Applying the principlcs of lcan manufacturing to an acrospace firm may be regarded by some as an

experiment. But both GEC-Marconi and BAc saw it as absolutely nceessary to their continued survival,

Recognizing that all information on this subject has been provided by the companics. and not validated by any
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CHAPTER VII

CONCLUSIONS

Striking parzllels cxist between the Amcriﬁn automobile industry of the 1980s and the acrospacc defensc
industry today. The Big Three were upwillir.g to accept lcan prodection until outside competition and a
competitive market allowed no othey alternative. In the acrospace defensc industry today, shrinking orders and
intcnse competition are produc:ng a similar effrct. ;I‘herc are no techiiizal reasons why lean production cannot
make the same dramatic improvemepts m prductivity arid quality in the deiense industry as it did in the
automobile industry. Iniact, because of the extreme complexity of aircraft, the interdependence of the many
subsystems, and the higher skill and education levels of the acrospace worker, the benefits may be even greater.

Two main issues remain MIM that may determine whetber lean manufaciuring enjoys the same
success in the aerospace defense induu'rﬁ as it did in automobilec manufacturing. Although some motivation
certainly cxists, it is not clear the inceative in this country is sufficicnt for the companies (o make the sweeping
changes demanded by lcan manufacturing. Even the F-22 EMD program at Lockheed Acronautical Systems
Ce-pany, which is at the lcading edgc of lcan manufacturing cxpertise in the United States, has not yet made all
the fundamental changes required. 1n contrast, the European acrospace firms of GEC-Marconi and British
Aecrospace have responded to the economic challenges of the 1990s by enthusiastically embracing the concepts of
ican manufacturing. British Acrospacc, in panticular, is well on the way 10 becoming a lean producer. If the
lessons from the automobile industry arc any indication, failure to change may be disastrous for both the United
States aerospace defense industry and the country.

The second issue is cven morc important, and unfortunatcly, totally beyond the control of the aerospace

industry. Continual Congressional intcrfcrence and unpredictable ycar-to-ycar funding wreak havoc on the
delicate {iming demandcd by Ican manufacturing principles. Given the reality of reduced defense budgets in the

coming ycars, lean manufacturing may have a difficult time proving its value, and may cven be dismissed as just

RK!




. another failed management method. While it may be argued that Ican manufacturing makes it casicr (o adjust to
such changes, it must be pointed out that true lcan manufacturing is based on concurrency and many cvents
coming together at just the right time. If external factors prevent this from occurring. it is very possible the
promised efficiencies of lean manufacturing may ncver matcrialize. Until more sweeping changes arc made in

acquisition processes, the full potential of lean manufacturing may not be realized.
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! NOTES

“Lean manufacturing” is the term used in this paper to describe the processes and procedures used
cxtensively in the Japancsc automotive industry. However, "lcan production” and "lcan cnterprisc” are other terms
used interchangeably in industry and literature on the subject to describe the same concept.

1 -James P. Womack, Danict T. Joncs. Dasnicl Roos, The Machine that_Changed the World. (New York:
First Harper Perennial Edition, A Division of Harper Colling Publishers, 1991), 3-9.

) Ibid., 4 (first quotation appcaring bclow), 8 (second quotation appcaring beiow).

The book titled The Maching that Changed the World represents more than five years of rescarch comparing the
differences between mass production and lean production in the automotive industry on a global basis. The study
was accomplished under the auspices of the Intcrnational Motor Vehicle Program (IMVP) bascd at the Center for
Technology. Pelicy and Industrial Development at the Massachusctis {rstitule of Technology. "The Center had a
bol¢ charter: to go beyond cunventional research to explose ¢cative mechanisms for industry- government-
universily interaction on an internatioral Lasis in order to unc'erstand the fundamental forces of industrial change
and improve the policy-making process in dealing with change.” The study also led the authors, Womack, Joncs
and Roos, to the conviction thdt "the principlies of lean production can be applicd cqually in every industry across
the globe and that the conversion to fean prodiaction will hav» = yrofound effect on human society -- it will truly
change the world.” .

' Ibid., 30. .

} Ibid., 21-22.

o “A Survey of the Car Industry® The Economist, (October 17, 1992). 5.
? Womack, 27.

’ Ibid., 27-28.

4 Ibid., 37.

0 ibid.

" Ibid., 29.

. Ibid., 30.

" bic., 28-31.

A 1915 survey revealed the morc than 7,000 asscmbly workers at Ford's Highland Park plant in Detroit spokec morc
than fifty languages with many of them barcly speaking English.

" Ibid., 4243,
" Ibid., 31-2
1 Yasuhiro Monden, Toyota Production System. (Norcross. Georgia:  Sccond Edition, Industrial

Enginecring and Management Prcss, 1993), 336.

7 Captain Denisc Carncjo, "ASC Launches Initiatives 1o Improve Development of Acrospace Systems”
United States Air Force News Relcase. PAM# 93-096 (May 14, 1993): 10.

"{t's 'lean’ becausc it uscs less of cverything needed in mass production -- halfl the human cffort in the factory, half
the manufacturing space, half the investinent in tools, half the caginccring hours 1o develop a new product, and
done in half the time "

. Wornack, 48-49.
» Ibid., 277.

» Ibid., 247-248.
n Tbid., 247.

1 Mondecn, 343.
2 Womack., 54.
u Monden, 343.
» Ibid.

» Ibid., 344,

7 Ibid., 347.

» Womack, 251.
» Ibid., 53.

» Monden, 346.
n Womack., 79.

* Ibid., 99.




» Ibid,, 225.

» Ibid., 57.
» Ibid., 56.
" lbid., 57.
" Ibid.. 64.
» Ibid., 81.

Source: 1986 World Asscmoiy Plan Survey accomplished as part of the International Motor Vehicl Program
reference in earlier end.iote. '

» Tbid., 82.
- Ibid., 79.
“ ‘Tbid., 62.
© Monden, 337.
o Ibid., 339.
“ Ibid,, 59.
o Wemack , 61.
» Ibid., 61.
¢ Jba. 67.
® Ibid., 112-118.
it Ibid., 98.
30 Ibid., 111.
3 Toid., 110-111.

A worldwide survey conducted at the Harvard Business School examined product-development activities in the
motor industry during the 1980s time frame. Twenty-nin¢ devclopment projects for cars with fotally ncw bodics
(althougl. some used carryover or shared int~rnal components) which were marketed between 1983 and 1987 were
examined. Some adjustment; were made to make the terms of comparison as cquitablc as possiblc. The results
showed a (otally new Japanese car took an average of ! 7 million hours of enginccring «ffort, and 45 months from
design to delivery. American and European project of similas complexity required 3 million engineering hours
and 60 months,

i Anthorry L. Velocei, Jr., "Grumman Will Abandon i nUcal Airframc Skills" Avialion Week & Space
Technology (October 18, 1993), 33.

» Lean _Air luitiative Bricfins by Nitin C. Shah, Proj~ct Oﬂ'loer Wright Laboratory, Material
Technclogy Division, Wright-Patterson Air Force Base, Ohio.

o Sue Baker, "Lean Aircraf Initiative” Lcading Edge (Yanuary 1994), 14.

» Sources vary as to the number of commercial participants. ilitin C. Shah cited 21 companics in his Lean
Aircrafl Initiative Bricfing. John D. Morrocco said 25 companics were participating in his May 24, 1993 Aviation

Weck & Space Technology article, page 23. Dr Will.am Kessler referenced 18 companics in a January 1994
Leading Edge artic)-, page 14. United States Air Force News Release, PAM # 93-096, of May 14, 1993 lisied the

foi.owing 22 panticipating companics: AIL Systems, Allicd Signal, Bocing Dcfense & Space, GE Aircraft
Engines, Grumman, Honcywell, Hughes Radar Systems, IBM Federal Systems, Lockhecu Acronautical Systems,
Loral Defense Systcms, Martin Marictta, McDonncll Douglas, Northrop, 2rat & Whitney, Raytheon,
Rockwell-Noru: American Aircrafl, Sundstrand, Texas Instruments, Textron Defense Systems, TRW, Vought
Aucraﬁ Westinghousc Electronic Systems Group.

John D. Morrocco, "USAF Aim: Lean Production™ Aviation Werk & Space Technology (May 24, 1993),
.23,

31

Suc Baker, "Lean Aircrafl Initiative” Leading Edge (January 1994), 14,
" Ibid.
» Morrocco, "USAF Aim: Lcan Production,” 23.
© fbid., 24.
o LEANAIR Newslelier of the Lean Aircralt Initiative, M. 1. T. (Summer 1993, Vol. I, No. 1), 2.
"In conjunction with the Lean Aircrafl Initiative's 22 industrial sponsors, a consortium of MIT departments and
centers involved in systems and manufacturing cducation have tecamed 10 develop the Systems Enginecring and
Manufacturing Productivity Institute (SEMPI). The proposcd cducational offcring is designed to meet the critical
technical and management retraining nceds of the US aircrafl industry. . . . Providing a pionccring framework for
the understanding and disscmination of Ican principles and practices, SEMPI will involve ¢ rigorous program of




g re

instruction at MIT, covering such topics as systems cnginecring, flexible manufacturing, integrated product and
process development, emerging critical technologies and rclated subjects, combined with a case study-bascd
practicum at sponsors’ plants. Industrial sponsors have pledged their support both through a rcassignment of
sponsor funds and an offcring of 'in kind' assistance in development of the program, course matcrials, and casc

. studies. Dr. Stanlcy Weiss explains, 'Aiming towards a master's degrec in systcms cngincering and

manufacturing-related technology. the program would 1ake advantage of lcssons Icamed in the Lean Aircrafl
Initiative and provide students insights into rcal productivity measures.’ . . . The education afforded by SEMPI will
provide dircct bencfit { > both sponsoring companics and to the development of paradigms for the aircrafl industry.”
“ UPdate, Department of Acronautics and Astronautics, M.LT. (Winter 1994).
‘Morrocco, "USAF Aim: Lean Production,” 24.
UPdale, (Winter 1994),
LEANAIR Newsletter of the Lean AircraRl Initiative, MLT. . (Summer 1993, Vol. 1, No. 1) 1, 3.
Research Projects inwork or underway in designated focus arcas arc as follows.
Product Development:
1) Integrated Product and Process Development; Models, Practices and Metrics
2; Process Flow Modcling and Analysis
Fabricalicn and Assembly:
3) Inventory and Buffer Practices
4) Fabrication and Assembly Workflow Organization, Matcrials Management and Logistics
5) Make-Buy Decisions, Supplier Selection Criteria, Current Best Practices and the impact of Government
R~gulations on Supplier R:lationships
Crganization and Human Resources:
6) Concurrent Right-Sizing and Human Resources Management
Policy and E:temal Environment:
7) Reforming the Acquisition Process: institutional Issucs and Options

LEANAIR Newsletter of the Lean Ajrcrafl Initiative, M.LT, (Autumn 1993, Vol. 1, No. 2) 1, 6.
o Baker, 16.
John Fialko, a program man~ger at Hughes Company, El Scgundo, California is cxtremcly optimistic. He says,
"LAI couf@-well be thc most important contrioulion cver madc to inlegrated process and product devclopment. It
has the potential to benefit the entire defense acquisition pipeline, from concept through demonstration/validation,
from engineering and manufacturing devclopment through production, from field support through product
retiremer.:. The beauty of LA is that it uscs all the clements of balanced design in a disciplined, repeatayle way of
doing product creation.”
“ F-22 Lean Enterprise Goneral Plan, 25 Sepiembe- 1993, Approved by W. N, Bylciw, Vice-President,
F-l 19 Program and L. G. riley, Vice-President and General Manager, F-22 Program, 1.

Lockheed Fort Worth Company (LFWC) was formerly General Dynamics Fort Worth Divi: Witly
after wirming the F-22 EMD contract, Lockhred Corporation bought General Dynamics Fort Werntn . wion.
Thus L. WC and Lockheed Aeronautical Systems Company (LASC) are scparalc companics, both owaed by
Lockhwd Corporation. Thc actual F-22 contract is with Lockhced Corporation

F-22 lean Enterprisc Company Plan. Lockheed Corporation, Lockheed Acronautical Systems Group,
1 xkheed Acrosautical Syslems Company, 25 Scptenmiber 1993, Approved by A. L. Pruden, Lockheed F-22
Program Manager.

n John D. Morrocco, "Lockheed Concentrates on F-22 Risk Reduction” Aviation Week & Space Technology
(September 6, 1993), 50.

” Just as the terms Ican manufacturing, lean production and lean cnterprisc arc used interchangeably, the
term Just-In-Time (JIT) 1s linked as an adjective to four words: production, inventory, delivery and supply. All
four terms are used to describe the idea of producing and delivering just cnough inventory to supply preciscly what
is rieded for a short period of end item production. Different authors appear to use the terms intcrchangably.

» Information regarding acrospacc companics' situation and options is drawn from the "1994 Straicgic
Issues Bricfing” presented at British Aerospace (Military Aircraft) Lid., on 15 Fcbruary 1994, Lancashire,
England.
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It should be noted that this meaning is different from that associated with the American concept called
"gpin-off.”
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