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Propulsion Technology 

Propulsion technology is often a critical enabling 

technology for space missions.  NASA is 

investing in technologies to enable high value 

missions with very small and low cost spacecraft, 

even CubeSats.  However, these nanosatellites 

currently lack any appreciable propulsion 

capability.  CubeSats are typically deployed and 

tumble or drift without any ability to transfer to 

higher value orbits, perform orbit maintenance, or 

perform de-orbit.   

Electric Propulsion 

Electric propulsion is an approach to accelerate 

propellant to very high exhaust velocities through 

the use of electrical power.  Typical propulsion 

systems are limited to the combustion energy 

available in the chemical bonds of the fuel and 

then acceleration through a converging diverging 

nozzle. However, electric propulsion can 

accelerate propellant to ten times higher velocities 

and therefore increase momentum transfer 

efficiency or essentially increase the fuel 

economy.   

Iodine Propulsion System 

The iodine satellite (iSAT) propulsion system 

consists of the 200W Hall thruster, a tank to 

store the solid iodine, a Power Processing Unit 

(PPU), and the necessary valves and tubing to 

route the iodine vapor.  Functionally, propulsion 

system performance begins with the tank.  The 

tank contains solid iodine, which is then heated, 

via tank heaters, to a temperature at which solid 

iodine sublimates to iodine vapor. 

  

 
 

The vapor is then routed through the tubing and 

valves to control mass flow to the thruster and 

cathode assembly.  The thruster then ionizes the 

vapor and accelerates it via magnetic and 

electrostatic fields, resulting in thrust.  

 

Mission 

The iSAT spacecraft will be launched into a sun-

synchronous orbit in late 2017, where it will begin 

a one year mission.  iSAT will demonstrate the 

ability of the iodine Hall Thruster propulsion 

system to shift its orbit.  iSAT will also act as a 

spacecraft bus for an earth observation payload, 

prior to completing a deorbit maneuver to ensure 

spacecraft re-entry into the earth’s atmosphere, 

eliminating orbital debris, within 90 days of the 

mission end. 

 

To enable the success of the propulsion 

subsystem, iSAT will also demonstrate power 

generation, thermal control, and communications 

capability that have never been possible on 

spacecraft of this size.   

 

The technology developed in the areas of 

propulsion, power generation and storage, thermal 

control, and communications, as well as the 

lessons learned from executing this mission, will 

be used to reduce risks in future missions using 

the iodine Hall thruster technology.  

 

SmallSats are volume constrained.  The higher 

density iodine, combined with electric populsion, 

can enable SmallSats to depart from geo 

synchronous transfer orbit (GTO) and go to the 

moon, asteroids, Mars and Venus, saving 

potentially upwards of $100M in launch costs to 

interplanetary destinations. 

 

 
Spacecraft 

The iSAT spacecraft will be 12U CubeSat with 

dimensions of 2 x 3 x 2U.  The spacecraft 

chassis will be constructed from aluminum with 

a finish to prevent iodine-driven corrosion.  The 

iSAT spacecraft will perform necessary 

guidance, navigation, and control (GN&C) 
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functions using a combination of reaction 

wheels, magnetic torque rods, an inertial 

management unit (IMU), and a suite of sensors 

and optics.   

 

The spacecraft will rely on heat generated by 

spacecraft components and radiators to 

passively control the thermal environment.  The 

spacecraft avionics will provide control of 

command and data handling functions via an 

onboard flight computer and interface card, 

while relying on a communications suite that 

enables receipt of commands from the ground, 

while downlinking telemetry. 

 

 

The spacecraft power subsystem has more 

capability than anything ever flown on a 

spacecraft of this size because of the power 

needs of the 200W electric Hall thruster.  Three 

solar arrays, one fixed to the chassis, and two 

others deployed from the chassis upon launch 

vehicle deployment of iSAT, provide enough 

power to run the spacecraft components.  iSAT 

also carries a battery for power storage, a card 

for power distribution, and a card to manage the 

power taken in from the solar panels and 

distributed to the spacecraft components.  

 

Summary 

NASA’s Game Changing Development (GCD), 

under the Space Technology Mission Directorate, 

investigates technology approaches to solve 

significant challenges for todays and future 

missions.  

The GCD program is maturing the iodine 

propulsion system that will be demonstrated by 

iSAT, a viable high delta-V primary propulsion 

system, that can be used on NanoSats (1-10kg), 

MicroSats (10-100 kg), and MiniSats (100-500kg) 

using a propellant, iodine, that is easy to store and 

provides a high thrust-to-mass ratio, or in space 

propulsion (ISP).   

 
 

 

CubeSats are traditionally limited to draft in the 

orbit in which they are deployed as a secondary 

payload, however the iodine Hall system can 

allow the spacecraft to transfer into a higher value 

science orbit. 

iSAT will be able to achieve a delta-V of greater 

than 500 m/s with less than 1 kg of solid iodine 

propellant, which can be stored in an 

unpressurized benign state prior to launch.   

The propulsion system will be based on a 200W 

Hall Thruster developed by Busek Co. Inc., which 

has previously flown using xenon as the 

propellant instead of iodine.  

 

 
Modified BHT-200 Iodine Thruster 

 

This allows iSAT to alter its orbit inclination and 

elevation, opening up a wider range of mission 

objectives than previously possible with 

spacecraft of this size, and allowing for control of 

spacecraft deorbit. 

For the iSAT mission, Glenn Research Center 

(GRC) functions as both the Principal Investigator 

and the propulsion lead. Busek Co. Inc. supplies 

propulsion system components, chiefly the 

thruster, cathode, and Power Processing Unit 

(PPU).  Marshall Space Flight Center (MSFC) is 

developing the flight systems to support the iSAT 

mission objectives. 

 
For more information about the iSAT Mission, 
please see: 
 
http://NASAiSATmission.wordpress.com 
 
Like us on Facebook: 
www.facebook.com/NASAisat 
   
Follow us on Twitter: 
@NASAisat 
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