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Introduction 
y Description of a concept for a new deep space manned 

vehicle capable of providing significant artificial 
gravity, radiation protection, system redundancy, 
consumable amounts, power levels, and habitable 
volume, with enough delta-V for a round-trip Mars 
mission. 
 

y   This vehicle is designed with the idea that large size 
and mass are desirable traits that allow for increased 
crew comfort and safety, even at the expense of longer 
in-space transit times. 
 



Design Overview 
y Propulsion 
y Power 
y Radiation Protection 
y Microgravity 

Counter Measures 
y Life Support 

 y Thermal Management 
 



Problems With Electric Engines 
y Requires a power source – those are traditionally 

heavy. 
y High Isp means low thrust and low acceleration. 



How to fix that (part 1). 
Use some thin film solar panels.  These have been demonstrate up 
to 5,800 W/kg on 7 nm thick film. 



How to fix that (part 2). 
y Use the electric engines for situations proper for high 

isp and low thrust – when coasting in deep space. 



Some Solutions 
y 1.  Spin the ship for gravity – no surprise there. 
 
y 2.  Use inflatables with high hydrogen density materials for radiation 

protection.  Place engines, fuel tanks, and power handling equipment 
in the way of the sun as well.  Use a lot of mass.  Also use active 
magnetic shielding. 

 
y 3.  Could reduce mission time to further reduce these dangers, but once 

you have significant artificial gravity and radiation protection, rapid 
transit loses some urgency. 
 

y 4. Use redundant habitats and life support systems. 
 
 



Central Core – Two Habitats 



Add a Ring of Engines and Fuel 
Tanks 



Throw on a Lot of Solar Panels 



Harmful Space Radiation 
y Two Kinds 
 - Solar Wind Particles 
 - Galactic Cosmic Rays 



Habitats 
y These can be based on Bigelow Aerospace inflatable 

space stations. 
y If two BA-330 modules are used, then an internal 

volume of 660 cubic meters (23,290 cubic feet) can be 
made available. 

y The total surface area of these two habitats combined 
is 718 square meters. 

y With 30 g/cm^2 of shielding, 215 metric tonnes of 
shielding material is included. 

 



Habitats 
y A maximum radial acceleration (gravitational force 

equivalent) of 1 Earth G-force can be created at the 
outer edge of the vehicle by spinning the vehicle 2.67 
times per second. 

 



Potential Engine: VASIMR 

(Source: Ad Astra Rocket Company) 

-Magneto-Plasma rocket engines 
have a high specific impulse (as 
much as 30,000 seconds) and 
acceptable power to mass ratio 
(currently 1.5 kg/kW).  
 
-They are at a low technology 
readiness level (TRL). 
 
-Current versions lack cooling 
systems that would allow for 
pulses longer than a few seconds. 



Potential Engine: VASIMR 
-By placing the engines in a circle around the axis of rotation, firing 
duration of only a few seconds is required.  
 
-Such an arrangement allows for engine firing in any direction within the 
plane of motion.  Optimized flight paths often require this capability. 
 
 



Structure 
y The Isotruss - Invented at 

Brigham Young University 
by Dr. David Jensen and 
marketed by Novatek. 

y All composite woven truss 
frames.   

y Light weight with high 
damage tolerance. 



Animation in Flight 



Some Additional Advantages 
y No zero gravity cyrogenic propellant transfer. 
y You can point the thrust in any direction within the 

ecliptic to use optimized trajectories. 
y The engines are only in use 1/3 to 1/4 of the time, so 

the engines can cool between pulses. 
y Thrust pulsing also allows for engine and power system 

redundancy. 



Refueling Animation 



Landing Vehicle Carrier 



Mass Estimates 
y 240 x VF-100 engines – 36 mT 
y Power Conversion Units – 36 mT 
y Radiators: 50 mT 
y 16.5 MW of 20% efficient solar panels – 8.64 mT  
y 2 x BA-330 Habitats – 80 mT 
y Radiation Shielding (mostly water) – 215 mT 
y Additional Consumables – 120 mT 
y Structure (mostly Trusses)– 200 mT 
y LH2 Propellant Tanks – 75  
y Power Handling Systems – 50 mT 
y Communications and Data – 3 mT 
y LH2 Propellant – 555 
Total Mass: 1,429 mT.               Delta V: (isp = 10,000 second) = 42.2 km/s 



Spherical Panels 
-Same panel mass for less cross 
section. 
 

-Thrusters can fire in any 
direction and any plane, not just 
the plane of travel. 
 

-A central mast can be used to 
hold the panels in place instead 
of 3 or 4 outer masts that would 
be required for the spherically 
shaped vehicle. 
 



Scaled Down Version 
y In the near term, 

smaller vehicles using 
similar design principles 
can also be considered. 

y Shown is a VASIMR 
propelled, water fueled 
vehicle that allows 
propellant to be used as 
part of the ECLSS 
requirements. 

 



Habitat Spoke Design 

One of three vehicle spokes shown with propulsion array,  
toroidal water tank, and hidden habitat module in stowed 

configuration for launch. 

Layout of the lower level of a habitat module, where 
the crew will spend most of the mission. 



Mass Estimates Overview 
Item 

Unit Mass 
(kg) Number of Units Mass (kg) 

Water - - 82517.5 
Solar Panels 1125 12 13500 
Engines 150 18 2700 
Power Transformer 453.5 3 1360.5 
Signal Conditioner 453.5 3 1360.5 
Spherical Water Tank 800 3 2400 
Toroidal Water Tank 1950 3 5850 
Propulsion Structure 1500 3 4500 
Furnishings 250 3 750 
Food 5 (kg/day) 825 (days) 4125 
RCS systems 50 18 900 
Radiators 450 6 2700 
Habitat Structure (kg/m) 150 (kg/m) 45 (m) 6750 
Controls 46.4 3 139.1 
Navigation 46.4 3 306 
Communication 57.7 3 173.2 
Deep Space 
Communication 

70 1 70 

Additional Power Systems 368.2 3 1104.5 
Instrumentation 147.7 3 443.2 
Environmental Controls 351.4 3 1054.1 
Rendezvous and Docking 24.5 8 196.4 
Cabin Upper Radiation 
Shield  (10 g /cm^2) 

700 3 2100.0 

TOTAL     135000 



Spiral Out from LEO 

The thrusting maneuver to escape from LEO and enter a TMI trajectory requires 
three and a half months with the three vehicle spokes flying out in convoy.  The crew 

flies out on a direct course to rendezvous near to the end of the manueuver. 



Distances for Described Mission 

A graph showing the distance of the spacecraft from 
Mars (y-axis in meters) vs the day of the deep space 
mission (shown in days on the x-axis). 

A graph showing the distance of the spacecraft from 
Earth (y-axis in meters) vs the day of the deep space 
mission (shown in days on the x-axis). 



Possible 2019 Mars Flyby 

A graphical representation of the flight path that the DSV would use for 
the deep space portion of the Mars flyby mission.  



Conclusions 
y Spinning habitats can be used in conjunction with 

solar power and electrical propulsion in a synergistic 
manner to provide a safer environment for crews 
traveling in deep space. 



Questions ???? 


