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X-33/RLV Lessons Learned

* Definition of “Responsive”
— Differs, depending on the stakeholder

* Responsive system must:
— Balance competing requirements OR
— Respond to selected subset of stakeholders

* Address all risks: S
— Market
— Management
— Financial, and
— Technical

N

© Lockheed Martin Aeronautics Company




X-33/RLV Background

Primary Goals:
1. Reduce access costs to space
2. Leapfrog technology
3. Privately finance the commercial RLV

Contracting Mechanism
— Cooperative Agreement
— NASA + Industry team coalition

— Unusual procurement tool
» Shared investment & risk, streamlined
management, small USG program office,
USG insight vs. oversight
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Approach or

 Formulate Concept-of-Operations

—Reduce Ops (recurring) costs
» Retain high value hardware (reusability)
» Eliminate labor intensive processing tasks
» Increase Reliability
— Driven by:

» Staging failures

» Segmented solid booster failures
» Lack of engine-out capability

» Weather related operations

Reduce staging events, solid propellants, susceptibility
to weather, and design for engine-out capability
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Responsive Definitions =~

Stakeholders define
responsiveness differently

Civil Government:

Safety (Human Flights)
Mission Reliability-

Government Launch
Systems:

* Low Cost
Science Payloads I DE\\,\AND -~ * Maintain

Low Recurring Price Industrial/Engineering

Base

W

DOD: Commercial: Commercial Launch
Mission Reliability ¢ Low Recurring Price Industry:
Quick Response  + High Availability * Acceptable Investment
On Time Delivery + On Time Delivery Return -
Recurring Profitability

Different Stakeholder Priorities
Leads to Conflicting Interests
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Competing Forces - Market g o
* Multiple Users with Varying Requirements
— Lowest price
— Quick response
— Different destinations (LEO, ISS, GTO)
— Crewed vs cargo

« Government vs Investor Perspective
— NASA: “Build it and they will come”
— Investors: conservative market forecast;
revenue predictability

Optimize a Select Subset or Balance Vehicle
Characteristics Against All Stakeholder Needs

© Lockheed Martin Aeronautics Company




Competing Forces - Money 7

* Risk Retirement— Technical, Cost, & Market

— Y-vehicle (prototype) address cost risk, but....
— Leapfrog technology implies X-vehicle approach

However

— X-vehicle won'’t retire cost risk (might increase)
— Neither X- nor Y- vehicles retires market risk

(investor perspective)

 Definition of “Good Deal”

— NASA = Low recurring cost (industry’s price)
» $1,000 per payload pound to orbit

— Industry = Acceptable discounted rate of return
» High positive cash flow early in operational phase

NASA’s Low Cost # Industry’s High Cash Flow
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Y-Vehicle or X-Vehicle Tt

Prototype programs reduce 1
or 2 high risk elements and
“model” production item

Experimental programs reduce
1 or 2 high risk elements but
don't "model” production item
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YF-22 = supersonic cruise
with vectored thrust

F-117
FSD programs
reduce many
lower risk
elements

X-program (classified)
Have Blue = Stealth
F-22 ‘

>

RISK ELEMENTS
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Competing Forces — Management =~

 Resource allocation between X-,Y- & ops vehicle
* Prioritization among partners

« Changing stakeholder requirements
— Every team member of original 1996 contract award

experienced aerospace industry consolidation
» Priority changes within organizations
» Management personnel changes

« Cooperative Agreement — peculiarities
Insight vs Oversight
Risk sharing vs Risk aversion
NASA TA rate changes during fixed price agreements

Government as subcontractor on industry team
» Government buyer and seller

Extended development period adds significant risk
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Competing Forces — Mechanics ~F

 Unnecessary vs Unachievable technical objectives
— Composite Tank
— Top Speed
— Turnaround Time

 Subsystem margin allocation — the currency of

system design!
— Must remain flexible throughout program
— Heavy influence on subsystem performance, cost and
schedule, e.g. engine weight, TPS flight envelop
— Margin allocated to unnecessary objectives penalize
other critical objectives

Unnecessary Technical Objectives:
* Negatively Influence Design
« Work Against Market and Financing Objectives
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X-Vehicle Lessons

 All stakeholders must embrace equal risk tolerance
— Or, match risk tolerance with investment contribution

* Partners must bear equal risk
— Or revert to traditional subcontractor relationship

- “Faster Better Cheaper”
— Eliminate non-value added steps, or

— Something tangible decreases — margin, performance, confidence

« Concentrate flight test objectives on high risk unknowns
— Not on subsystem performance suitable to ground validation

* Accept only program critical technologies
— Too many ‘must have’ technologies ensures failure

- Cannot validate all technologies on ground
— Integrated systems provide many surprises during flight test
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Strategies for Achieving
Responsiveness

« Markets

— Balance competing stakeholder
requirements or focus on subset

 Money

— Balance of investment vs. recurring
cost/price rather than focus on single

variable
» Discounting - Utilize relative differences in
time value of money
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Strategies for Achieving g o

Responsiveness

« Management
— Match risks, rewards, and priorities
— Reassess/adjust management structure
as environment changes over time
 Mechanics
— Do not allow unnecessary technical
objectives to insert risk/drive program
— Distinguish between tech demonstrator
(X-vehicle) and prototype (Y-vehicle)
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Summary

BUSINESS AND MANAGEMENT RISKS ARE AS
CRITICAL TO PROGRAMMATIC SUCCESS AS
TECHNOLGY RISKS.

ALTHOUGH X-33 DID NOT ACHIEVE FLIGHT,
MUCH CAN BE LEARNED AND APPLIED TO
NEXT SET OF VEHICLES.

Questions?




