
A Foundational Heavy Lift Launch Vehicle 

Enabling Deep Space Missions

William J. Rothschild and Theodore A. Talay
John Frassanito & Associates, Inc.

1350 NASA Parkway, Suite 214, Houston, TX 77058

Edward M. Henderson
NASA John Space Center, Houston, TX

Presented at the

46th Joint Propulsion Conference 

Nashville, TN

July, 2010



Presentation Outline

• Heavy Lift Launch 

Vehicle Description

• Deep Space Missions

• Schedule, Costs & 

Risks

• Summary



The Heavy-lift Launch Vehicle (HLV) 

enables a wide range of useful missions

Using Existing Shuttle Elements

Provides Early Heavy Lift Capability

With Very High Confidence



 

 

1990’s NASA sponsored Shuttle C

2004 - 2005 

Shuttle Derived 

Launch Vehicle

Industry Team 

Concept B

Side-Mounted Shuttle Derived Vehicle Concepts

Have Matured Thru Several Major Design Studies

2005 

Exploration Systems 

Architecture Study 

(ESAS)

60 mt to LEO

All performance values are net payload to 

120 nm circular orbit at 28.5 deg inclination

(consistent 10% performance reserve)

2009 

HLV Concept

66 mt to LEO

68 mt 

to LEO

72 mt 

to LEO



HLV Uses Existing Facilities & Infrastructure 

With Very Few Modifications



HLV Performance Is Based On 

Well Proven Shuttle Elements

HLV delivers 72 mt to LEO

(plus a 10% performance reserve)



HLV Has A Benign Ascent Trajectory

Suborbital Staging Provides Additional Payload

HLV delivers 33.1 mt to TLI

(plus a 10% performance reserve)



HLV Recoverable Propulsion/Avionics Module (PAM)

Based on a Successful Flight Demonstration

Separation from ET/Carrier

  

• Gross mass = 69,164 lbm

• Staging Mach 24

• Downrange landing = 2,400 nmi

• DDT&E ~ $1 B

• Recurring costs ~ $25 M per flight

• Savings per flight (4 fpy) ~ $175 M

Rocket Assisted Splash Down

Reentry Drogue Chute



Potential HLV Missions

ISS Upgrades & Logistics Support

(45 mt per HLV launch)

Lunar Robotic Landers

(10 mt landed on the moon)

Crew of 4 to a NEO

(2 HLV launches = 66 mt to TLI)

1 MW Space Solar Power Prototype

(30 mt to GEO)

Propellant Depot at L-1

(20 mT to  L-1)

Human Lunar Missions 

(2 HLV launches = 66 mt to TLI)



HLV Launch Configuration 

For Space Solar Power Satellite Demo
HLV w/SPS Demo Mass, lbm Mass, kg

Payload - SPS Demo 

w/Electric Stage 100,001 45,352

Carrier/Prop + EDS 488,132 221,375

Payload Carrier 44,180 20,036

Prop/Avionics Module 69,164 31,367

Aft payload adapter 9,800 4,444

EDS stage 364,988 165,527

EDS usable propellant 327,046 148,320

EDS inert 37,942 17,207

External tank 1,664,095 754,692

ET empty 60,700 27,528

 Residuals 13,611 6,173

Usable Propellant 1,589,784 720,990

SRB Gross 2,596,932 1,177,747

SRB Separation 385,227 174,706

SRB Usable Propellant 2,211,705 1,003,041

Total Liftoff4,849,160 2,199,166

HLV with an Earth Departure Stage delivers 

45.4 mt to orbit beyond the Van Allen Belts

(plus a 10% performance reserve)

Ascent/Earth Departure Stage
Thrust, vac = 293,750 lbf; Isp = 448 sec

Total stage mass = 364,988 lbm

Stage inert mass = 37,942 lbm

Propellant mass fraction = 0.896



A Pair of HLV Launches Satisfies The ESAS 

Requirements For Human Lunar Missions

HLV could deliver an LSAM twice the size of the Apollo LEM 

For Lunar Orbit Rendezvous with an Orion capsule



Based on flight proven Shuttle reliability data and 

an assumed 80% success rate for the Launch Abort System, 

the HLV Loss of Crew Rate is estimated to achieve the

NASA goal of 1/1,000.

HLV Offers A Significant Improvement

In Reliability and Safety Over the Shuttle
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HLV Development Plan 

HLV could be ready to launch within 5 years

Use existing

Shuttle assets

Upgrade SSME and Subsystems 

Add EDS



 

 

HLV Cost Estimates Are Affordable 
DDT&E Cost < $8B 

including an

Earth Departure Stage

Ops Cost < $500M/flt 

at 6 per year
(Commercial Launch Services)

$2,100/lb to LEO

at 6 flts/yr
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HLV is Based on Mature Systems 

And  Processes Offering Low Risks

Based on SDLV Industry Team study - May, 2005



Summary
• HLV is based on mature Shuttle hardware, 

software, facilities, and processes

• HLV delivers 72 mt of payload to LEO 

• Supports a broad range of deep space missions

• HLV has better reliability and safety than Shuttle

• HLV can be developed in < 5 years

• HLV can be developed for < $8B

• HLV can be operated at < $500m per flight

Using proven technologies,

a near-term, high confidence

Heavy-lift Launch Vehicle could 

be developed at an affordable 

cost, enabling a broad range of 

deep space missions
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