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Today’s topics:
• Choosing a launch vehicle 
• Basics mechanics of launch



Launch vehicle 
selection process



Launch vehicle 
selection process Where do you need to go? How sloppy are you willing to be? 

Liquid second-stages will always be more precise than solid-fuel 
kick-motor second stages, at cost of price and payload mass. 

The closer a launch vehicle can get you to your target orbit, the 
lower your requirement for onboard propulsion.





Launch vehicle 
selection process

What dry mass do you require? Add 20-30 percent margin. 

What propellant mass do you require? Add 3  margin. 

Expect the launch vehicle provider to include a significant 
amount of margin for themselves which is not yours to use.
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https://en.wikipedia.org/wiki/Comparison_of_orbital_launch_systems

https://en.wikipedia.org/wiki/Comparison_of_orbital_launch_systems


Launch vehicle 
selection process

Couples with final orbit and injection accuracy tolerance.



Launch vehicle 
selection process

Do you have strict volumetric requirements (optics,  
heat shield, etc.)? This may place constraints on your 

launch vehicle choices with regard to payload envelope 
in the fairing. 

Expect to pay more for more volume. SMAD claims a cost 
increase for NASA of $14-68M for moving from a 4m 

diameter payload fairing to a 5m diameter fairing.





Launch vehicle 
selection process

Cost is coupled with required payload to orbit, maturity of 
the launch service provider (risk), and uniqueness of 

requirements. 

These are contractual agreements. Neither the launch  
provider nor the payload provider is allowed to arbitrarily 
change launch dates without protracted negotiation and 

(usually) an incurred cost.



https://www.bloomberg.com/graphics/2018-rocket-cost/

Dollars/kg to GTO (2018)

https://www.bloomberg.com/graphics/2018-rocket-cost/


Launch vehicle 
selection process

Capability: can the launch vehicle perform in accordance 
with your requirements (mass, injection, etc.)? Launch  
locations place limitations on achievable inclinations. 

Reliability affects availability. A failure must be 
investigated, which takes time and can introduce manifest 
backup. In general, delays are shorter for launch providers 

with a longer history of successful launches.



(from Prof. Selva’s slides)



Launch vehicle 
selection process

All previous steps are “homework” before starting 
negotiation with the launch service provider.



Launch vehicle 
selection process

Vibration, shock, acoustics, coupled loads, thermal, 
electromagnetic. These could affect the structure 
of your spacecraft, nature/configuration of solar 

panels and instruments, etc. 

Seek out not less than 2 candidates that can do the 
job within cost, schedule, and risk tolerance.





Launch vehicle 
selection process

Good idea to maintain at least 2 candidates thru 
PDR.



Basic mechanics of launch

• A 10-15 sec, control of the rocket is given to onboard flight computers


• The vehicle begins to rise painfully slowly


• Vehicle clears the tower, pitches over, and begins a downrange trajectory


• Max-Q achieved as the vehicle goes supersonic


• Vehicle may drop a stage at this point, trajectory control may become closed-loop


• Drop the fairing


• Send a wakeup signal to the spacecraft


• Deploy the spacecraft, and get away
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