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What is a Spacecraft? 
•  Any man made device designed for spaceflight 

(i.e., outside Earth’s atmosphere) 
–  Satellites 
–  Rovers 
–  Landers 
–  Others 



Spacecraft Drivers 
•  What dictates the spacecraft type and design? 

–  Why a rover instead of a lander? 
–  Why a flyby instead of an orbiter? 
–  Why electric propulsion instead of chemical? 
–  Why does the spacecraft have reaction wheels? 
–  Why is it in a particular orbit? 

•  The design of a spacecraft is a result of requirements it 
must meet to satisfy a higher level objective. 
–  Example: NASA objectives are usually scientific or technological, 

such as explaining the origin of the solar systems.   



NASA Mission Models 
•  NASA science missions are either “strategic” or “PI-

led” (PI: Principal Investigator = the scientist) 
–  Strategic missions are typically larger missions that are 

directed to fulfill specific needs or gaps in knowledge. Strategic 
missions are a “top-down” approach where a mission target and 
basic goals are identified and delineated by the Science Mission 
Directorate based on community input from National Academies 
studies, such as the Decadal Surveys, as well as other advisory 
groups. Often some or all of the individual instruments on such 
missions are competed, but the mission itself is assigned to a 
NASA Center. Some examples of strategic missions include 
Cassini, James Webb Space Telescope, Ocean Surface 
Topography Mission and LADEE.  



NASA Mission Models 
–  PI (Principal Investigator)-led missions take a “bottom-up” 

approach, soliciting proposals from the community for entire 
missions, not just a single instrument. In this case a scientist, the 
PI, puts together a team comprised of people from universities, 
industry, government laboratories and small businesses to 
develop and run the mission. These tend to be small- and 
medium-sized missions, for example Discovery-Class and SMEX 
missions, though occasionally are larger as with New Frontiers. 
The approach encourages creativity and provides opportunities 
for new entrants into scientific space mission development.  



Instruments 
•  From the mission objective, a set of candidate 

instruments are identified.   
–  Example: Juno wants to measure the magnetic fields 

of Jupiter, so it will include magnetometers. 
–  Usually, more instruments are proposed then really 

needed.  When mass and/or cost begin to increase, 
the design team will usually “down-select” or 
“descope” instrument(s) to only what is really needed. 

•  These instruments become the “payload” to the 
spacecraft. 



Instruments 
•  It is the spacecraft’s responsibility to carry and 

deliver it’s payload to where it needs to go. 
•  The instrument(s) will also help guide the 

mission type 
–  Juno’s Example 

•  Since it wished to measure the magnetic field it will have to 
(1) get to Jupiter and (2) be near polar at Jupiter. 

•  Also, depending on how much of the magnetic field we wish 
to measure, then this will dictate if we can be a flyby or an 
orbiter.  Assuming we want global measurements, then a 
flyby is not viable. 



Target Body 
•  After having a 

mission objective, 
a target body is 
(but not always) 
defined.  For 
example: a Mars 
Mission, a Jupiter 
Mission, an Earth 
Mission. 



Trajectory Design 
•  A mission designer is able to design a trajectory to the 

target body based on the requirements define so far. 
•  It is the responsibility of the trajectory designer to come 

up with the best design space balancing 
–  Propellant usage: higher ΔV means more propellant mass, so 

heaver spacecraft, so larger launch vehicle, etc. 
–  Flight time: ground operations cost is very high.  The longer the 

flight time the more staffing is required.  Also, most parts are not 
qualified for long life operations in space. 

–  Space environment: high radiation environment requires extra 
shielding which increases mass or reduces instrument and 
component lifetime. Best to avoid what you can. 

–  Operational concerns: Can the mission recover if it missed a 
maneuver?  Are the maneuvers too frequent? If you missed this 
launch opportunity, does it exist the following year? 



Trajectory Design: Juno Example 



Spacecraft Mass 
•  From the trajectory we can derived: 

–  Launch Vehicle Class, and, maximum launch mass 
(from launch C3) 

–  Propellant Mass (from ΔV) 
–  Antenna Size (and mass; from maximum distance 

from S/C to Earth) 
–  Solar Array Size (and mass; from maximum distance 

from S/C to Sun) 



Example 
•  Earth to Mars Example 

From Hohmann Transfer: 
LC3 = 8.1 km2/s2  

(ΔVDEP = 2.843 km/s) 
ΔVARR = 2.567 km/s 
 

Mission Geometry: 
Max Sun Distance = 1.5 AU 
Max Earth Distance = 2.5 AU 
 
Concerns: 
Conjunction 
Eclipses 
Range from Earth 
Range form Sun 
Duration 



Launch Vehicle Performance 
•  Launch Vehicle Performance Website 

–  http://elvperf.ksc.nasa.gov/Pages/Query.aspx 



Launch Vehicle Performance 
Graph Tool 

C3 = 8.1 km2/s2 



Launch Vehicle Performance 
Query Tool 



Atlas V LV Example 

Typical Atlas V 551 GTO Ascent Profile 



Sun-Sync Launch Performance 



GTO Launch Performance 



Propulsion 



Introduction 
•  Spacecraft propulsion is usually jet propulsion 

with internally stored matter 
–  Thrust is acted on the spacecraft by momentum of the 

ejected matter 
–  Rocket Propulsion Type 

•  Chemical (Liquid, Solid, or Hybrid) 
•  Electrical (Ion and Hall) 



Basics 
•  Total Impulse is the thrust integrated over burn time: 

•  For constant thrust then  

•  Specific Impulse for constant thrust is 

•  ΔV and mass 
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Example: Prop Mass 
•  Our Hohmann Transfer Example had an ΔV = ΔVARR = 2.57 km/s  
•  Missions usually have margins and contingencies on ΔV, especially 

early in the design process. 
•  Also, the ΔV above only accounts for the translational maneuvers, but 

not the attitude ΔV. 
•  As an example: 

–  Let assume we have 15% for margin and another 100 m/s for attitude 
dynamics. So our total ΔV = 3.06 km/s.   

–  From the launch performance we can launch 5250 kg using Atlas V 551, 
our initial mass. 

–  Using the ideal rocket equation this gives us a total propellant mass 
estimate of 
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Other Terms 
•  Mixture Ratio, MR 

•  Rise Time: time it takes to reach 90% thrust level (engine 
on time) 

•  Minimum Impulse Bit: smallest repeatable impulse (most 
rockets are 10-3 N-s 

•  Duty Cycle: the ratio of on-time to total time 
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Example Monoprop Engine Diagram 

Source: AccessScience.com 



Example Biprop Engine Diagram 

Source: AccessScience.com 



Engines 
•  Cold Gas Thruster 

–  Thrust is created by expelling a high-pressure gas 
–  Power energize a coil which opens a value allowing a gas to flow 

through the value and out a nozzle 
–  Typical Size: 2 cm diameter and 3 cm long 
–  Typical Mass: ~ 0.03 kg 
–  Typical Power: 30 W at 28 V (DC) 
–  Note: Leakage is a major concern for long trip time 
–  Isp: ~ 180 sec He and 80 sec N2 
–  Thrust ~ 100 N 

Source: SSC 



Engines 
•  Sold Rocket Motor (SRM) 

–  Case serves both as a propellant tank and combustion chamber 
–  Mass, size, and performance varies 
–  Example: STAR 75 perigee kick motor 

•  Mass ~ 8000 kg and Size: 2.6 x 1.9 m 
•  Isp: ~ 288 sec 
•  Thrust ~ 240 kN 
•  Burn Time ~ 105 sec 



Engines 
•  Monopropellant Engines 

–  Liquid hydrazine flows into a catalyst bed in a thruster where it 
decomposes to create hot gas which is expelled through the 
nozzle 

–  Dimension and mass 
•  15 cm length x 3.5 cm diameter for 0.9 N thruster (100s gram mass) 
•  46 cm length x 15 cm diameter for 445 N thruster (up to a few kg) 

–  Typical Power: 30 W at 28 V (DC) 
–  Isp ~ 150 to 300 sec 



Engines 
•  Bipropellant Engines 

–  Liquid oxidizer and fuel flows into a chamber it is mixed and 
react chemically.  Combustion gases are expelled through the 
nozzle 

•  Propellant can be hypergolic or non-hypergolic 
•  Common propellant 

–  Oxidizer: NTO (Nitrogen Tetroxide) or O2 (Oxygen) 
–  Fuel: H2H4 (Hydrazine) or MMH (Monomethyl Hydrazine) 

–  Dimension and mass 
•  17 cm length x 5 cm diameter for 10 N thruster (400 gram mass) 
•  60 cm length x 30 cm diameter for 1335 N thruster (kgs) 

–  Isp ~ 325 sec 



Engines 
•  Electric Propulsion 

–  Electrothermal 
•  Electric heating of propellant through nozzle 
•  Resistojet (Isp < 1000 sec, T < 1 N) and Arcjet (Isp < 1500 sec, T < 

1.5 N) 
–  Electrostatic 

•  Charged particles are accelerated by electrostatic fields 
•  Ion Engine (Isp = 1500 to 10,000 sec, T < 0.1 N) 

–  Electromagnetic 
•  Plasma is accelerated by electric and magnetic fields 
•  Hall Thruster (Isp = 1000 to 2000 sec, T < 0.1 N) 


