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Mars Surface, 
Phobos, Deimos 

Lunar Orbit, 
Lunar Surface (Global) 

Asteroids and 
Near-Earth Objects 

Commercial 
and Civil Low 

Earth Orbit (LEO) 

Current Development for 
Future Exploration Capabilities 

Deep Space 
Robotics 

Future Growth Capability

(Requires Additional Development & Cost) 

International Space Station and Other LEO 
Destinations/Servicing 

National Aeronautics and Space AdministrationN a t i o n a l A e r o n a u t i c s a n d S p a c e A d m i n i s t r a t i o n 7764.7764. 22 



    

        

        

        

Part 1 Agenda
 

♦ Ares Overview – Steve Cook 
• Ares Family 
• Legacy Launch Systems 
• Ares I/V Commonality 
• Benefits of the Ares Approach 
• Top-level Breakout of the Ares I Vehicle 
• State-by-state National Team 
• Ares I Schedule 
• Earned Value Management 
• Quality, Safety, Teamwork 

♦ The Ares I Safety Story – Dr. Joe Fragola 

♦ Ares I Element Overviews – Alex Priskos, Danny Davis, Mike 
Kynard 
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Ares Family of Launch Vehicles
 

♦ Shuttle-derived launch vehicle family for LEO and beyond missions 
♦ Common boosters, upper stage engines, manufacturing, subsystem 

technologies, and ground facilities 
♦ Investment in Ares I (~one year post-Preliminary Design Review (PDR)) 

for Initial Capability reduces funding required and risk on Ares V (post-
Mission Concept Review (MCR)) for lunar capability 
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Building on 50 Years of Proven Experience
 
– Launch Vehicle Comparisons – 

O
ve

ra
ll 

Ve
hi

cl
e 

H
ei

gh
t 

400 ft 

300 ft 

200 ft 

100 ft 

0 

Lunar 
Lander 

Crew 

S-IVB
 
(One J-2 Liquid
 
Oxygen/Liquid
 
Hydrogen
 
(LOX/LH2)
 
engine)
 
S-II
 
(Five J-2 LOX/
 
LH2 engines)
 

S-IC
 
(Five F-1 LOX/
 
RP-1 engines)
 

Orion 

Upper Stage 
(One J-2X 
LOX/LH2 engine) 

Two 4-Segment
Reusable Solid 
Rocket Boosters One 5-Segment(RSRBs) RSRB 

Altair 

Earth Departure 
Stage (1 J-2X 
LOX/LH2 engine) 

Core Stage
 
(Six RS-68
 
LOX/LH2
 
engines)
 

Two 5.5-Segment
RSRBs 

Saturn V: 1967–1972 Space Shuttle: 1981–Present Ares I: First Flight 2015 Ares V: First Flight 2018 

Height 360.0 ft 184.2 ft 325.0 ft 381.1 ft 

Gross Liftoff 
Mass (GLOM) 6,500.0K lbm 4,500.0K lbm 2,057.3K lbm 8,167.1K lbm 

Payload 
Capability 

44.9 mT Trans-Lunar 
Injection (TLI) 

118.8 mT to LEO 
25.0 mT to LEO 24.9 mT to LEO 

71.1 mT to TLI with Ares I 
62.8 mT to TLI 

~161.0 mT to LEO 
DDAACC 22 TTRR77 
LLVV 5511..0000..4488 
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Why Ares I for Crew Launch
 

♦Same J-2X upper stage engine 
♦Significant Solid Rocket“Top-down” design 

Motor commonalityindicates high Ares I+V design 
♦MAF production capacity

synergy possible ♦Minimize unique elements – lower life-
cycle cost 

“Bottoms-up” design indicates 
expectation of a highly 
reliable/safe vehicle 

♦Heritage from Shuttle RSRM combined 
with continued post-flight recovery and 
inspection 
♦Heritage from Saturn J-2 human-rated 

upper-stage engine 
♦Probabilistic risk assessment indicates at 

least twice as safe as any other assessed 
approach 

♦Provides test of Orion on cost effective 
vehicle 
• Crew ascent 
• Long duration in-space tests 

♦Stepping stone to largest rocketServes as risk-reduction for 
ever developedexploration • First new human launch system in 

3 decades 
• Shuttle transition / industrial base 

♦First Stage and J-2X performance, 
flight behavior 
♦Dependable U.S. human access to space 
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Why Ares V for Cargo Launch
 

Ares V-class launcher is a “game-
changer” in expanding U.S. 
capabilities in space science and 
human space exploration 

♦ 7x lift capacity, much larger 
payload volume compared to any 
existing system 

• Many launches of existing vehicles 
prohibitive from a mission risk posture 

♦ Ares V is enabling for diverse 
advanced missions 

• Human Moon, Mars, asteroid missions* 
• Large aperture space telescopes in 

remote orbits* 
• “Flagship” outer planet missions* 

The U.S. is in a unique position 
to develop and operate such 
a system 

♦ Legacy production capability from 
Saturn, Shuttle, Delta IV programs 

• MAF, RS-68 main engines, Solid Rocket 
Motors, J-2 upper stage engine 

♦ Legacy launch infrastructure from 
Saturn, Shuttle programs 

• Vehicle Assembly Building, pads, 
crawlers, mobile launch platforms, etc. 

♦ If this national capability is lost, it may 
never be recovered 

*National Research Council, “Launching Science: Science Opportunities Provided by NASA’s Constellation System”, 2008 
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Ares Architecture Enables Architectures
 
Under Evaluation
 

A 
B 
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Lunar base (Constellation light)D
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Mars First (Mars light) 
Lunar global Flexible Destinations Note: TLI to LEO scale comparison is approximateMoons to Mars (DRM-5) 
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Ares I Acquisition Model
 

Instrument Unit 
•	 NASA Design/ 

Boeing Production ($0.83B) 

Orion Crew
 
Exploration Upper Stage Engine
 

• Pratt and Whitney Rocketdyne ($1.28B)Vehicle 

Upper Stage 
• NASA Design/Boeing Production 

First Stage($1.16B) 
• ATK Launch Systems ($1.98B) 

Overall Integration 
• NASA-led 
• Multi-generational program 
•	 Lessons learned from DoD: robust internal
 

systems engineering, tightly managed
 
requirements
 

• NASA becomes “smart buyer” downstream 
• Marries best of NASA and industry skills 

DDAACC 22 TTRR 77 
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4,000 Ares Team Members Nationwide
 
324 Organizations in 38 States 

Center 
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Glenn ResearchGlenn Research 
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Stennis Space CenterStennis Space Center 
MichoudMichoud 

Assembly FacilityAssembly Facility 

Marshall Space
Flight Center

Marshall SpaceMarshall Space 
Flight CenterFlight Center 

ATK Space
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Rocketdyne 
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Ares I Schedule
 

To date, the Ares I project has completed a total of 204 design reviews, ranging from 
components up through subsystems, elements, and the integrated Ares launch vehicle. 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.1313 
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Earning Value –
 
Rigorous Implementation of EVM
 

Vehicle Integration First Stage Upper Stage Upper Stage Engine 

Cost Variance 4.2% 0.2% 1.4% 2.0% 

Schedule 
Variance –7.7%; 0.0% 4.7% 1.7% 

CPI 
Cum 0.96 1.00 0.99 0.98 

SPI Cum 0.92 1.00 0.95 1.00 

♦ Project has implemented a practice of Earned Value Management 
(EVM) to monitor deviations from cost and schedule baselines early 
enough to make corrections 

♦ Awarded the NASA EVM Award of Excellence in June 2009 for the 
progress made in implementing earned value on a Government-
managed project 
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Ensuring Quality, Safety, and Teamwork
 

Ares Projects Team Norms ♦ People Integration

HAVE FUN 

Once in a career opportunity! We are running a marathon, not a sprint – 
not in 24/7 emergency mode all the time. 

RESPECT OUR FAMILIES AND OURSELVES – HEALTHY BALANCE
 
BETWEEN WORK AND FAMILY IS ESSENTIAL
 

INTEGRITY IS EXPECTED
 
Look each other straight in the eye, tell the truth, full disclosure. 

TEAMWORK IS ESSENTIAL 
‘Our’ instead of ‘my’. ‘We’ instead of ‘I’. ‘Us’ rather than ‘me’… 

’we’re all important’ 

INTEGRATION AMONG THE PROJECT AND WITH PARTNER
 
ORGANIZATIONS (E.G., ENGINEERING, S&MA, OTHER CENTERS,
 

PROGRAM/PROJECTS) IS ESSENTIAL
 
Communicate, communicate, communicate with each other.
 

Don’t wait on someone else to initiate
 

BELIEVE THE BEST ABOUT EACH OTHER
 
(ASSUME NO MALICIOUS INTENT)
 

CONSTRUCTIVE CONFLICT LEADING TO DECISIONS (CLOSURE) AND
 
ONCE MADE DON’T CARRY IT PERSONALLY IF IT DID NOT GO YOUR WAY
 

WE WILL HOLD EACH OTHER ACCOUNTABLE AND
 
MEET OUR COMMITMENTS
 

Our ultimate commitment is a safe, reliable, affordable delivery of Orion to orbit 

FAILURE IS ACCEPTABLE DURING DEVELOPMENT 
We are willing to take calculated risks to further our knowledge 

EARLY IDENTIFICATION AND HIGHLIGHT OF ISSUES 

• Walking the talk – leaders modeling/ 
living values 
• Encouraging openness and diversity of 

people, ideas 
• Communicate, communicate, communicate! 
• Measuring management performance 
• Motivation through a simple, straightforward 

mission: “go build the rocket” 

♦ Leadership Challenges
• Retooling “overseers” into “producers” 
• Ensuring a sense of “confident humility” 
• Instilling ownership and accountability 
• Managing workload 
• Integration among Ares elements and other 

Constellation projects 
• Getting every team member to think as a 

“systems engineer” 
• Focus on lean thinking 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.1515 
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Premise of New CLV Design
 

“The design of the system [that replaces the current Space Shuttle] should give overriding priority 

to crew safety, rather than trade safety against other performance criteria, such as low cost 

and reusability, or against advanced space operation capabilities other than crew transfer.” 

Columbia Accident Investigation Team Report, Section 9.3, page 211 

“The Astronaut Office recommends that the next human-rated launch system add abort or 

escape systems to a booster with ascent reliability at least as high as the Space Shuttle’s, 

yielding a predicted probability of 0.999 or better for crew survival [1 in 1000 LOC] during 

ascent. The system should be designed to achieve or exceed its reliability requirement with 

95% confidence*.” 

“Astronaut Office Position on Future Launch System Safety”, Memo from CB Chief, Astronaut 
Office to CA Director, Flight Crew Operations, May 4, 2004 

*Interpreted to mean 95% certainty 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.1717 



             

               
           

     

        

Historical context
 

♦ Architectural trades, in quest of a safer launcher, date back to Challenger before ESAS 

♦	 The progression of safety driven analyses, since Challenger, led to the development of the “single 
stick” booster concept, and the combination of heritage-reliability, performance and cost mandated 
the solid booster option from ESAS 
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Premise
 

Establishing crew safety goals - the value of an escape system
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Ares I Risk-Informed Design
 

(Exploration Systems 
Architecture Study) 

ESAS
 
Heritage-based 
analysis of 
design potential 

Continuing analyses and modeling 
using flight data for application to 
future flights and missions 

(Design 
Certification 

Design specific scenarios 
with bounding physical modeling DCR/Flight 

(Preliminary Design Review) 

(System Requirements Review) 

SRR 
Physics of failure sensitivities 


and understanding of major risk drivers
 

(System Definition Review) 

SDR 

PDR 
Review) 

Focused analysis
 
with detailed design data
 

(Critical Design Review) 

From: Ares CSR CDR 
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First Order Look at Configurations
 

Shuttle Shuttle Derived 
Side Mount (SSME) 

EELV 3.2* 
*does not meet performance requirements 

EELV 4.1-100% EELV 4.1-75% 

Ares-I ESAS Ares-I RSRM V 
Add LAS 
Add Upper Stage 

Adapt SRB 

Ares-V Crewed 

Add Engine Out 

EELV- J-2X 

Program risk-
Aero acoustic loads 
Aerodynamics (length) 
Aero Start SSME 

Program risk-
New Engine 
Thrust Oscillation 
New Propellant 

Program risk-
New Engine 
New Propellant 
Man Rated 
Certification 

Program risk-

Add multiple RL10 
On Upper Stage 
Man Rated Certification 

Program risk-

Increasing Performance 

Hold-down & SeparationHold-down & Separation 

Strap-Strap-OnsOns 

Upper Stage & EngineUpper Stage & Engine 

Core Engine & StageCore Engine & Stage 

Program risk-
Thrust Imbalance Vehicle Software impact New Engine 
Loss of Control Engine Out Testing 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.2121 



             
         

                 
          

  

 

   
 
  

  

   
 
  

  

  

        

Failure Environments
 

♦	 Ares CSR detailed ‘physics of failure’ models estimate the probability of successful crew 
escape (abort effectiveness, AE) for each failure environment, each configuration 

ElementElement PPRAsRAs
“““TTTop Downop Downop Down””” 

LOMLOM 
LOC/AbortLOC/AbortLOC/Abort Orion & LASOrion & LAS CalculationCalculation 

EffectivenessEffectivenessEffectiveness Design/VulnerDesign/Vulner VI PRAVI PRA 
CalculationCalculationCalculation	 abilityability LOCLOC
 

EnvironmentsEnvironments
Ares GN&CAres GN&C 
10 Ascent RiskAscent Risk8
6

0 AssessmentAssessment-20 20 40 60 80 100 120 
Failure TimeGoldsimGoldsim DynamicDynamic -4

2
4	 

QQuuaanntifictificaatiotionn ooff 
CutCutSScceennaariorioss && BBraranncchheessRisk SimulationRisk Simulation
 

((MMaappppiningg toto SScceennaariorioss)) SetsSets
ModelModel 
Failure ScenarioFailure Scenario(Monte Carlo)(Monte Carlo) 
CharacteristicsCharacteristics 

ScenarioScenario(Reliability Data +(Reliability Data + 
DiagrammingDiagrammingTrigger Info)Trigger Info) 

(Trigger & Timing(Trigger & TimingFFoorr eeaacchh ttrriiggggeerr sseett,, Assignment)Assignment)
iinntteeggrraatteedd aannaallyyssiiss
 

ddeetteerrmmiinneess iimmppaacctt tt FunctionalFunctional
oo Timing
FaultFaultLLoossss ooff CCrreeww 

AnalysisAnalysis 
Common FailureCommon FailureAbortAbort CandidateCandidateElementElement Scenarios & Near-FieldScenarios & Near-FieldFailureFailure ConditionsConditions Trigger SetTrigger SetDesignDesign ConsequencesConsequencesModeMode & Triggers& Triggers 

(LOM Environments)(LOM Environments)EffectsEffects 
HazardHazardFrom: Ares CSR AnalysisAnalysis 

AnalysisAnalysis “““BBBottoms Upottoms Upottoms Up””” 

♦	 This study uses results of the detailed model to apply a relative AE factor to each failure
 
environment bin (mildest environment = best abort effectiveness gets 100% factor)
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Failure Environment Bins
 

♦ Abort effectiveness is critical when faced with high uncertainty in LOM probability 
♦ Failure environment is critical in determining abort effectiveness 

LOM 

AArreess II AArreess VV SSiiddee EEEELLVV EEEELLVV EEEELLVV EEEELLVV 
11stst RRSS--6688BB MMoouunntt 33..22** 44..11--110000%% 44..11--7755%% JJ--22XX 

11stst 11stst 11stst 11ststLLuunnaarr 55 SSeeggmmeenntt SSSSMMEE 
11stst 11stst LLuunnaarr LLuunnaarr LLuunnaarr LLuunnaarr 

LLuunnaarr LLuunnaarr 

Separation of Stage 2 from vehicleSeparation of Stage 2 from vehicle 
Separation of Stage 1 from vehicleSeparation of Stage 1 from vehicle 
Separation of Stage 0 from vehicleSeparation of Stage 0 from vehicle 
Uncontained US/EDS FailureUncontained US/EDS Failure 
Uncontained Core FailureUncontained Core Failure 
Uncontained Booster FailureUncontained Booster Failure 
Uncontained Engine Failure Stage 2Uncontained Engine Failure Stage 2 
Uncontained Engine Failure Stage 1Uncontained Engine Failure Stage 1 
Uncontained Engine Failure Stage 0Uncontained Engine Failure Stage 0 
Contained Engine Failure Stage 2Contained Engine Failure Stage 2 
Contained Engine Failure Stage 1Contained Engine Failure Stage 1 
Contained Engine Failure Stage 0Contained Engine Failure Stage 0 
Loss of Control During Second Stage BurnLoss of Control During Second Stage Burn 
Loss of Control During First Stage BurnLoss of Control During First Stage Burn 
Thrust ImbalanceThrust Imbalance 
Solid BurstSolid Burst 
Solid BreachSolid Breach 
Uncontained Pad FailureUncontained Pad Failure 
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Relative Results of an 
Independent Assessment 

♦ Relative error bars are smaller than absolute values 
• Errors on building blocks shared between different configurations 
• Errors on common assumptions made in the modeling of all stages 

♦ Relative error bars confirm the mature Ares I is the safest of all options with high confidence 

Ratio of vehicle probability of failure to Ares I’s probability 

LOCLOM 
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Ares I Ares V Shuttle C EELV 
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J2X 
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Ares I First Stage 

DAC 2 TR 7DAC 2 TR 7 

Modern electronics 

Same propellant 
as Shuttle (PBAN)-

optimized for 
Ares application 

Wide throat nozzle 

Same cases and 
joints as Shuttle 

New 150 ft diameter parachutes 

Same aft skirt and thrust vector 
control as Shuttle 

Tumble Motors 
(from Shuttle) 

Booster Deceleration 
Motors (from Shuttle) 

C-Spring isolators 

NaN tional Aeronautics and Space Administrationational Aeronautics and Space Administration 

Asbestos free insulation/liner 

7764.7764.2626 



        

First Stage Accomplishments
 

Ares I-X Forward Skirt Extension Separation Test Ares I-X Motor En Route to KSC 
Promontory, UT Corinne, UT 

Main Parachute Drop Test Ares I-X Forward Assembly Transfer to VAB
Yuma Proving Ground, AZ Kennedy Space Center, FL 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.2727 



        

First Stage Accomplishments
 

(B)(A) 

Built-up Thrust Vector Control/Discrete Interface Thrust Oscillation Flexure Design (A) and Testing (B) 
Module San Luis Obispo, CA 

Cincinnati, OH 

DM-1 Igniter Test DM-1 Installation into Test Stand 
Promontory, UT Promontory, UT 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.2828 



        

First Stage Accomplishments
 

DM-1 in T-97 Test Stand 
Promontory, UT 
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Ares I Upper Stage
 

AI-Li Orthogrid Tank Structure 

Feed Systems 

Common Bulkhead 

LOX Tank 

LH2 Tank 

Instrument Unit (Modern Electronics) 

Composite
Interstage 

Thrust Vector Control 

Helium 
Pressurization 
Bottles 

Roll Control System 

Ullage Settling Motors 

Propellant Load: 308K lbm 
Total Mass: 355K lbm 
Dry Mass: 36K lbm 
Dry Mass (Interstage): 10K lbm 
Length: 84 ft 
Diameter: 18 ft 
LOX Tank Pressure: 50 psig 
LH2 Tank Pressure: 42 psig 

Common Bulkhead 

DDAACC 22 TTRR 77
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Upper Stage Avionics
 

The Upper Stage Avionics will provide: 
• Guidance, navigation, and control (GN&C) 
• Command and data handling 
• Preflight checkout 

Interstage 
Avionics

Instrument 
Unit Avionics 

Thrust
 
Cone
 

Avionics
 

Aft Skirt 
Avionics Mass: 2,425 lbm Avionics 
Electrical Power: 5,145 Watts 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3232 



        

Upper Stage Accomplishments
 

Manufacturing Development Centers First Manufacturing Demonstration Article Gore-Gore Weld 
Marshall Space Flight Center, AL Marshall Space Flight Center, AL 

First Friction Stir Weld of ET Dome Gore Panels Development of the Ares Vertical Milling Machine 
Marshall Space Flight Center, AL Chicago, IL 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3333 



        

 

Upper Stage Accomplishments
 

Common Bulkhead Seal Weld Process Development Aluminum-Lithium (Al-Li) 2295 Y-Ring Delivery 
Marshall Space Flight Center, AL Marshall Space Flight Center, AL 

Delivery of FSW Tooling with Weld Head Al-Li Panel Structural Buckling Testing 
Michoud Assembly Facility, LA Marshall Space Flight Center, AL 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3434 



        

 

Upper Stage Accomplishments
 

Ullage Settling Motor System (USMS) Ares I Roll Control Engine Test
Heavy Weight Motor Hot-Fire Test Sacramento, CA 

Marshall Space Flight Center, AL 

Reaction Control System (ReCS) Development Test 
Article Delivery 

Thrust Vector Control (TVC) 2-Axis Test Rig 
Glenn Research Center, OH 

Marshall Space Flight Center, AL
NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3535 
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Upper Stage Engine
 
Used on Ares I and Ares V
 

Turbomachinery 
• Based on J-2S MK-29 design 
• Beefed up to meet J-2X performance 
• Altered to meet current NASA design
 

standards
 

Gas Generator 
• Scaled from RS-68 design 

Engine Controller 
• RS-68-based design and
 

software architecture
 

Regeneratively Cooled Nozzle Section 
• Based on long history of RS-27 success 

Turbine Exhaust Gas Manifold 
• Performance and cooling of
 

Nozzle extension
 

Mass: 5,396 lbm 
Thrust: 294K lbm (vac) 
Isp: 448 sec (vac) 
Height: 15.4 ft 
Diameter: 10 ft 

Flexible Inlet Ducts (Scissors Ducts) 
• Based on J-2 & J-2S ducts 
• Altered to meet current NASA
 

design standards
 

Open-Loop Pneumatic Control 
• Similar to J-2 & J-2S design 

Valves 
• Ball-sector (XRS-2200 and RS-68) 

HIP-bonded MCC 
• Based on RS-68
 

demonstrated technology
 

Metallic Nozzle Extension 
• Spin-formed, Chemically milled 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3737 



 

        

   

  

   
  

    

  
  

    

Upper Stage Engine 
Testing/Production Status 

Fuel Turbopump Volute Casting 

Fuel Turbopump Nozzle 

Nozzle Turbine Exhaust Manifold 
Base Ring Forging 

Main Combustion Chamber Spun Liner 

Main Combustion Chamber 
Forward Manifold Casting 

Work Horse Gas Generator Testing 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7645.7645.3838 



 
 

 

        

Upper Stage Engine Accomplishments
 

J-2X Powerpack 1A Testing J-2X Powerpack Removal from A-1 Test Stand 
Stennis Space Center, MS Stennis Space Center, MS 

Powerpack 1A Disassembly E3 Subscale Diffuser Test 
Canoga Park, CA Stennis Space Center, MS 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.3939 



        

Upper Stage Engine Accomplishments
 

J-2X Workhorse Gas Generator Manufacturing Workhorse Gas Generator Test 
Canoga Park, CA Marshall Space Flight Center, AL 

Test Stand A-3 Construction J-2X Valve Actuator Design 
Stennis Space Center, MS Buffalo, NY 

NNaattiioonnaall AAeerroonnaauuttiiccss aanndd SSppaaccee AAddmmiinniissttrraattiioonn 7764.7764.4040 



        

www.nasa.govwww.nasa.gov 

Congressional 
Perspective 

National Aeronautics and Space AdministrationNational Aeronautics and Space Administration 

7764.7764.4141 


