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The Joint Strike Fighter program, which aims to provide a new aircraft that will
satisfy needs of the U.S. Navy, Air Force, and Marine Corps, the United Kingdom,
and other non-U.S. services, is a challenging undertaking. Adding to the
challenge is that it is being conducted under DoD’s acquisition reform initiatives.
Here we compare its progress to that of past aircraft programs.

represents the largest potential air-initiatives mandate a new and innovative

craft contract for the U.S. Depart- way of doing business, canceling many
ment of Defense (DoD) in the foreseeablegovernment military standards and speci-
future. It will provide replacement strike fications and stating the services’ needs
fighters for the U.S. Air Force, the U.S. in performance-based terms. No longer
Navy, and the U.S. Marine Corps, as wellwill the government mandate compliance
as for the United Kingdom and probably to military specifications with “design-
many other non-U.S. services. The objecto” guidance, requiring certain materials
tive of meeting the different needs of manyand processes. The government will sim-
services with variants of a single airplaneply state what it needs the JSF weapon
is a very difficult challenge, especially system to perform and allow the contrac-
when the number one consideration istor to provide the optimum solution based
affordability. on a balance of technology and best com-

As part of the plan to achieve an af- mercial practices.

fordable solution, the JSF program will  This article highlights the differences
be conducted under the DoD’s acquisitionbetween the JSF program and past aircraft

The Joint Strike Fighter (JSF) program reform initiatives begun in 1994. These
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programs. It concentrates on the applica2,000 aircraft over the life of the program.
tion of best systems engineering practices-ollowing flight testing of their concept
and the use of performance-based specidemonstrator aircraft in 2000, only one
fications, and provides insights into how of the two competing industry teams will
customer-contractor relationships will be selected the following year to continue
achieve the common goal of an affordableinto the engineering and manufacturing
solution to the warfighter’s needs. development (EMD) phase of the pro-
gram, subsequently building those 5,000-
plus airplanes.
THE PROGRAM Both Boeing and Lockheed-Martin will
use their concept demonstrators to show
The tactical aircraft modernization the fundamental characteristics of their
plans of the U.S. Air Force and Navy haveCTOL and CV variants, and prove out
something in common—the JSF. Thebasic STOVL variant performance. The
competing industry developers, Boeing competitors, in particular, must demon-
and Lockheed-Martin, are in the middle strate the commonality and modularity of
of assembling the first of two JSF con- their three variants, STOVL hover and
cept demonstrator aircraft, which will transition, and low-speed handling quali-
undergo flight evaluations this year. ties that are needed for carrier landings.
The JSF program aims to develop an A key to high commonality among the
affordable family of next-generation three variants is the propulsion scheme
multirole attack aircraft with high com- chosen by each competitor to link its
monality for the Air Force, Marine Corps, CTOL/CV and STOVL designs. Boeing'’s
Navy, and U.S. allies. It has been de-X-32 JSF uses a direct-lift system simi-
scribed as a supersonic, single-enginelar to theHarrier’ s, with stowable Rolls-
single-seat airplane; it's an F—16/F/A—18 Royce lift nozzles on its Pratt & Whitney
class performer, but it's stealthy. The threeJSF119-614 engine, as well as small pitch,
JSF variants are: a conventional takeoffroll, and yaw nozzles fed from engine
and landing (CTOL) replacement for the exhaust air. Lockheed Martin's X—35 de-
U.S. Air Force’s F—16 to complement the sign, for STOVL propulsion, uses its
F—22; a Navy aircraft carrier-based attackJSF119-611 engine to drive a separate
(CV) variant with extra stealth to comple- Rolls-Royce Allison lift fan, located be-
ment the F/A-18E/F; and a short take-offhind the cockpit, which blows cool air
and vertical landing (STOVL) replace- downward. It also uses a three-bearing
ment for the U.S. Marine Corps’ AV—8B swivel exhaust nozzle on the main engine
Harrier jump jet and F/A-18C/D aircraft and roll-control ducts in the wings.
and the U.K. Royal Navy'Sea Hatrrier.
The Air Force may also buy some STOVL
variants to replace its A-10s in the closePATHS TO AFFORDABILITY
air support role.
About 3,000 of the three variants are As noted on the JSF program’s Internet
planned: the first will become operational website (http://www.jast.mil):
around 2008. Exports could total another
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The focus of the program is af- The services have a robust set of mod-
fordability—reducing the devel- els and simulations with which they can

opment cost, production cost, and look at generic performance levels for a
cost of ownership. The program JSF, coupled with associated cost esti-

is accomplishing this by facili- mates providec

tating the Services’ development by industry anc

of validated, affordable opera- the program of ““The scope of the
tional requirements and by lower- fice. The goalis JSF program’s joint
ing risk by investing in, and de- to balance cost operational require-
monstrating, key leveragingtech- ~ with opera- ments development
nologies and operational con-  tional perfor- Process has beeD
cepts prior to the start of the engi- ~ mance require UNPrecedented.
neering and manufacturing devel- ments and d«

opment (EMD) phase of the JSF tradeoffs to ensure that the requirements
in 2001. the Services are asking for will meet their

needs—and make sure that the aircraft will
Development of the leveraging tech- come in at a cost that the Services’ bud-

nologies by various firms has been fundedgets can afford. The emphasis is on cost
under technology maturation contracts,as an independent variable (CAIV), and
the results of which benefit both Boeing the unit flyaway cost targets that the JSF
and Lockheed Martin. All of the data will program hopes to beat are $28 million for
go to both teams, who are free to use anghe CTOL variant, $35 million for the
of this proven technology in their final STOVL version, and $38 million for the
proposals ifitis, in fact, low risk and con- CV variant (in fiscal year 1994 dollars).
tributes to the affordability of the weapon
system.

JSF AS THE FLAGSHIP ACQUISITION

REFORM PROGRAM

OPERATIONAL REQUIREMENTS

The JSF program is the first major avia-
The scope of the JSF program’s jointtion acquisition effort that emphasizes the
operational requirements developmentacquisition reform initiatives first man-
process has been unprecedented. Begutated by William Perry in 1994 as Secre-
in 1994, it has involved the full-time par- tary of Defense. The objective of these
ticipation of “warfighter” representatives, initiatives is to break the accelerating up-
experienced pilots, logisticians, and main-ward spiral of the cost of military aircraft
tenance officers assigned by each servicerograms (Figure 1) by streamlining the
to support the JSF program. No similarDoD’s acquisition process. The central
requirements document has ever been prdeature of these initiatives is the cancella-
duced by warfighters with such a plethoration of thousands of DoD military stan-
of information on which to base decisionsdards and specifications (MIL-STDs and
on requirements. MILSPECSs). These documents overspeci-
fied requirements, mandated “design-to”
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Augustine’s Law: Techflation
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Our JSF Objective: Break the Cost-Growth Spiral,
Reduce Cost and Meet the Services’ Needs

Figure 1. The JSF Objective: Break the Cost-Growth Sprial,
Reduce Cost and Meet the Services’ Needs

details, and limited the contractors’ flex- pulse repetition frequency, scan rate, etc.,
ibility in providing an optimized product. the government would specify a need to
The key feature of the reformed pro- detect, track, and identify targets at tacti-
cess is performance-based specificationsally significant ranges. The contractor
(PBS) (attributes shown in Figure 2), may or may not decide to use a radar to
wherein the government states a need fosatisfy this need; there may be some other
a capability by specifying functional per- onboard (or offboard) sensor that may
formance, the environment in which the perform better and be more affordable.
system must operate, the interfaces to existthe point is that the contractor has the
ing or planned systems, and the expectedlexibility to use best design practices and
operating and support characteristics. PB3everage available technology in order
does not specify detail design require-to meet the need. Figure 2 summarizes
ments that lock the contractor into specificsome of the objectives that make the JSF
designs, does not specify requirements foprogram different.
materials, assemblies, or components, To operate in this new PBS environ-
does not specify “how-to” or process ment, the Joint Program Office (JPO) es-
standards. tablished a PBS working group (see Fig-
An example: instead of specifying that ure 3) in December 1996 to develop the
the JSF have a radar and requiring specidSF model spedifation. This group is made
fic design features such as power outputup of represeatives from JPO, Boeing,
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Government Objectives:

These objectives and internal management focus on “Thinking-X" led to a Boeing
JSF streamlined and distributed Systems Engineering Organization.

Get warfighter and technologist together to enable leveraging cost-performance
trades

Apply technology to lower cost of the system not just increase its performance
Adequately mature technology prior to entering EMD

Solution must be joint

Instigate/catalyze acquisition reform

Develop system under extremely constrained cost and schedule goals

Figure 2. Why JSF is Different

and Lockheed-Martin who have stronge define system performance that meets
systems engineering backgrounds, espe- the requirements defined in the Joint
cially in requirements development. They Interim Requirements Document/Joint
are charged with developing the model Operational Requirements Document
spec that shall: (JIRD/JORD);

DO

DO NOT

Specify Functional Performance/Results

Define the Environment in Which System Must Operate
Define the System Interfaces

Define the Operating and Support Characteristics

Utilize Measurable and Verifiable Requirements

Specify Detail Design Requirements that Lock Kitr into Specific Design
Specify Requirements for Materials, Assemblies or Components...

Specify “How-To” or Process Standards

Figure 3. Performance Based Specifications (PBS)
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* include the minimum essential require- decide to design to in order to have a
ments necessary on contract for thecompetitive advantage.
government to manage the program;  Now what this all means is that the JSF
model spec, which will form the basis of
» beincluded in the request for proposalthe contract spec, will contain, as a goal,
(RFP) and tailored in the contractors’ 150 to 200 requirements. Contrast this
EMD proposals; number with the more than 16,000 con-
tractual requirements on the F/A-18E/F
* be developed in a timely manner to and more than 6,000 on the F-22. The
support JSF scheduled events; and model spec will be “contractor generic™—
that is, the same for each competitor, as
» allow the government and contractor shown in Figure 5, and its development is
to minimize surprises in the “down- paid for by the government during the
select” process. concept demonstration phase.
Each contractor will develop a “JSF
The model spec is intended to concen-contract specification” specific to its de-
trate on the key or critical performance sign, which will capture all of the model
requirements that would make or breakspecifications. However, contractors are
the program, and would include only the be free to sign up to meet additional re-
performance minimums contained in thequirements if they feel it is to their compe-
JIRD/JORD. The adjacent box lists the titive advantage. This contract spec, which
major attributes of the JSF model specwill be provided in response to the RFP,
The JIRD/JORD will also include desired will also contain the verification plan for en-
“objectives” which the contractors may suring that the requirements are achieved.

The JSF Specification Shall:
» Define the System Performance that Meets the Requirements Defined in the JORD
¢ Include the Minimum Essential Requirements (MERs) Necessary for the
Government to Manage the Program
— Concentrate on Key/Critical Performance Requirements
— Relatively Limited Number of Requirements are Expected
— Express Requirements at Highest Aggregate Level Practical

* Use Performance-Based Approach
— State Required Results,
— Not “How-to”, Design Details/Solutions or Process Standards

¢ Be Included in the CFIl and Tailored in the Contractor's E&MD Proposal

Figure 4. JSF Specification for EMD
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JSF JSF Developed by PBSWG for RFP
JIRD/JORD Model Specification (Contractor GENERIC)

Included in Contractor :

Contractual
Performance JSF Contract Specification ,  RFP Response '
Requirements (Air System/Air Vehicle/Support/Training) . (Contractor SPECIFIC) |

, Y :
E % Air System Contractor Responsibility :
Requirements Database Perf. Reqmts with Gov’t / IPT Insight

Training

IéID
Perf. Reqmts

CX I

+ Lower tiers (IV, V, as applicable) %
: CFE Engine Spec

Figure 5.
The Program Develops a Performance-Based Specification Tree

¢ What is “JSF Model Spec™?

— A Generic, Non-Contractor-Specific Format for Statement of Performance
Requirements (Section 3 Only) in the EMD Solicitation (95% Solution)

— RFP Solicitation Version Should Have No TBDs (= No Surprises)

— Includes the Minimum Essential Requirements (MER) Necessary for the
Government to Specify System Performance That Meets the Requirements
Defined in the JORD

— What is “Proposed JSF Contract Spec”?

— The Contractor-Specific, Tailored Version of the JSF Model Spec Submitted
in the Contractor's EMD Proposal (100% Solution)

— All Section 3 Completed and Section 4 Completed with Proposed Verifications

« What is “JSF Contract Spec"?

— The Agreed-to Document That Goes on Contract; Essentially the Same as the
“Proposed JSF Contract Spec” with Final Verifications

— Includes the Minimum Essential Requirements (MER) Necessary for the
Government to Manage the Program and Receive the Desired Capability/Product

Figure 6. Specsplanation of Terms
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Program Unique Information Wisdom of the Ages, Tailored to JSF
Joint
JSF JORD\ | Service
Specification
Guides
JSF (JSSGs)
Design —>
Guidelines
/ Industry
Standards &
Directed Content ‘ Best
Practices
‘ Environments & Interfaces ‘

Figure 7. Program-Unique Specification

Note that in Figure 5 all of the support- noncontractual items. In order to allocate
ing lower-tier specifications, which were requirements to the various product areas
on contract in past programs, will now be which make up the air system, all of these

Specification Appendices

Section 1 - Scope
Section 2 - Applicable Documents

Definitions,
Groundrules

=

Figure 8. JSF Model Specification Structure

Section 3
95% Solution

Section 4
TBD

Section 5 - Packaging
Section 6 - Notes
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ACQUISITION
PROGRAM
DOCUMENTS

GOVERNMENT

JORD SOLICITATION CETRRETER)
ot JSF Model Spec PROPOSAL
SO0

SAMP |“Proposed JSF Contract Spec”|

TEMP Gov’t IMP Inputs
Etc... Model C D including PWSC) SO e
By Year Budget sow SELECTION
ITO MP
Source Selection IMs
Standards wBS
EtCHS GFE/GFP Provisions CONTRACT
CDRL

“JSF Contract Spec”

Cost Data
Certifications

Figure 9. Technical Content from Requirements to Contract

lower-tier specifications must still be de- contract, and the contractor is free to make
veloped as on more traditional programs,design changes internally. In this way, trades
the difference is now that they are not onof structures versus awiics systems, for

| THE CUSTOMER... ||

..is part of each IPT / AIT I \ \ ‘ .participates in development process I

o060 S“ / Allocate Track/
mﬁi g / Roll-up
= ¢ e

..can resolve conflict I /

Sw d)» v ..is involved in I

/ trades and decisions
|...HAS FULL DATABASE VISIBILITY I
<_> = - SO—— 1
e 1

Customer \ Contractor
Resolve conflicts at lowest possible level

Survivability Lethality Affordability Supportabilty

CUSTOMER PARTICIPATION IS FOUNDATION OF IPT PROCESS

Figure 10. In Acquisition Reform, IPT Activities are Customer-Oriented
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example, may be made amder to opti- specification guides, industry standards
mize the entire system with an eye towardand best practices, and the “wisdom of the
performance and affordability. ages, tailored to JSF.”

This flexibility actually represents an  Figure 8 shows the JSF model spec
increase in the difficulty of the contractor’s structure. Section 3 contains the limited
job, because they are tasked to maximizeset of very top-level requirements, and
creativity and best practices. The key toSection 4 (which when added will trans-
reducing cost and cycle time is that thisform the model spec into a contract spec)
flexibility means that when detail design will contain the associated verification
changes are made at levels below the corschemes. The appendices will contain
tract spec, contract changes are not redefinitions, ground rules, and assumptions
quired, therefore, contracts and legal peras well as the environments and interfaces
sonnel are notinvolved. The adjacent boxequired. However, the model/contract
(“Specsplanation’ of terms”) summarizes spec is only a small part of the entire RFP
the definitions of the model and contractand response, as shown in Figure 9. The
specs. government solicitation will also include

Systems engineers lead both the crethe statement of objectives, budget infor-
ation of the model spec and each conimation, source selection standards, etc.
tractor’s response to it. They coordinateAnd the contractor proposal will contain
the many inputs that influence the modelthe statement of work, integrated master
spec (Figure 7), such as the JIRD/JORDplan, work breakdown structure, etc. But
JSF design guidelines, directed contentthe contract spec is the foundation of the
environments and interfaces, Joint Servicesntire effort.

¢ Minimum Essential Requirements to Manage the Program & Deliver Warfighter
Capability /Product

— Concentrate on Critical Requirements - KPPs, CPPs

— Maximize Contractor’s Responsiveness to Key Performance Requirements
— Maximize Available Trade Space

— Class | Configuration & Change Management Burden Minimized

¢ Enables Optimum CAIV Implementation

— Promotes Maximum Flexibility in Addressing Affordability via Performance vs. Cost
Trades

¢ Maximum Contractor Flexibility in Product Development and Subcontractor/Vendor
Relationships

¢ Innovative Specification Approach supports JSF as Acquisition Reform Flagship
Program

Figure 11. Acquisition Reform Reduces Cost and Cycle Time
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Of course, as with any new process,THE CHALLENGE
there will be reluctance to change, both
on the part of the government customer  Acquisition reform is intended to re-
and the contractor. Figure 10 shows tthuce cost and Cyc|e time by m|n|m|z|ng
key to the success of this new way of do-contract changes, as shown in Figure 11.
ing business. The customer must haverhijs is achieved by specifying only the
daily access to and participate in the sysminimum essential requirements to man-
temsengineering processes such as rislgge the program and deliver warfighter ca-
manage-ment, trade studies managemengability. The contract specifications must
configuration management, technical per-concentrate on only the key and critical
formance metric evaluation and tracking, performance parameters, which define the
and reqUirementS and verification program. This will maximize the con-
development. tractor’'s responsiveness to these param-

The government IPTs must have com-eters by maximizing the available trade
plete confidence that, even in the absencgpace, and minimizing the contract and
of the “hammer” of lower-tier SpPecs, the Conﬁguration management burden.
contractor will meet their needs. This is This approach, using PBS’ enables
critical: When the contract spec only says,optimum CAIV implementation and pro-
“the JSF shall be compatible with CVN- motes maximum flexibility in addressing
68Nimitzclass and subsequent carriers,”affordability via performance versus cost
the government customer must be con+rades. It maximizes contractor flbitity
vinced that the contractor understandsin product development and subtraator
what this means, can capture the essergnd vendor relationships and the ability
tial aspects of that requirement, allocateto take advantage of best commercial
that requirement down through the lower-practices.
tier teams, design to the requirement, and, Systems engineers lead the effort to
most important, provide verification that meet the challenge of acquisition reform,
the requirement will be met. and their development of an innovative

Further, this acquisition reform processspecification approach supports JSF as the

will only be optimized when the prime acquisition reform flagship program.
contractors promote a relationship with

their teammates and subcontractors that
focuses on performance-based specifica-
tions and the other aspects of acquisition
reform.
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