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Chapter 2- (orbital mechanics 
and launchers) part III







•Spacecraft Development: The second decade of the 21st century witnessed a surge in spacecraft 
development, particularly SmallSats, alongside advancements in launch vehicles.

•Launch Statistics: In 2017, a total of 345 satellites were launched, with 212 being commercially 
procured CubeSats for earth observation and meteorology. US entities dominated with over a 
third of commercial launches.

•Evolution of Launch Vehicles: Launch vehicles evolved not only to reliably place satellites into 
orbit but also to recover and reuse major elements, reducing costs.

•Pegasus: The first successful privately developed launch vehicle, launched from a Lockheed 1011 
TriStar at around 40,000 ft. It was operational since 1990 and remains significant despite its last 
launch in 2016. Cost Comparison: Pegasus launched 93 satellites into LEO at approximately $40M 
per launch, compared to SpaceX Falcon 9's advertised cost of $62M for larger payloads.

•New Air-Launch Proposals: Stratolaunch, the world's largest aircraft, and a Boeing 747 retired by 
Virgin Galactic are new proposals for air-launching rockets into LEO. Stratolaunch may be 
restricted to specific airfields, while Virgin Galactic's concept could utilize various airfields 
globally.

•Routine Launches: Satellite launches have become routine, though success requires 
coordination of numerous factors.



• Launch Vehicles: Most rockets operate in multiple stages, with each stage 
expended until the final stage places the satellite into the desired trajectory.

•ELVs and EELVs: Common terms for such rockets are Expendable Launch Vehicles 
(ELVs) and Evolved Expendable Launch Vehicles (EELVs).

•Launch Site Logistics: Russia desired both manufacturing and launch operations 
within its borders, leading to the shift away from Baikonur, Kazakhstan.

•Equatorial Launch Advantage: Equatorial launches benefit from the Earth's 
rotational velocity, reducing energy needs by about 6%. ESA chose Kourou, French 
Guiana, for its launch site due to its proximity to the equator.

•Sea Launch Concept: Sea Launch utilized a floating platform towed to the equator 
for launches, later purchased by Russia with plans to launch Zenit rockets.

•Payload Limitations: Payload capabilities decrease as orbital inclination increases 
from equatorial orbits.

•Orbital Direction: Orbits in the same direction as Earth's spin are prograde, while 
those in the opposite direction are retrograde.



•Latitude and Orbit Inclination: A satellite launched into a prograde orbit from a 
latitude of Φ degrees will enter an orbit with an inclination of Φ degrees to the 
equator.

•Velocity Increment for Geostationary Orbit: To place a satellite from a non-
equatorial orbit into a geostationary orbit, a significant velocity increment is required 
to reorient the orbit into the Earth's equatorial plane.

•Example: A satellite launched from Cape Canaveral at 28.5°N latitude requires a 
velocity increment of 366 m/s to attain an equatorial orbit from a geosynchronous 
orbit plane of 28.5°.

•Impact of Launch Site Latitude: Launch sites closer to the equator, such as the 
Guiana Space Center in French Guiana (latitude about 5°N) and Sea Launch from the 
equator, require less fuel for inclination changes by the apogee kick motor (AKM).

•Significance of Equatorial Launch: Launching close to the equator for a satellite 
intended for a geostationary orbit significantly reduces the energy needed to change 
the orbit's plane from a non-zero inclination to zero.

•Fuel Efficiency: Changing the plane of orbit requires approximately 10 times more 
fuel than changing velocity in the same plane for a given angular change.





• Commercial Dominance: In 1998, commercial launches in the United States surpassed 
government launches for the first time, marking a significant shift in the space industry (Dekok 
1999).

• Global Satellite Launches: A total of 81 countries have successfully launched satellites into 
Low Earth Orbit (LEO), though the majority of launches are conducted by a few countries such 
as the United States, Russia, and the European Space Agency (ESA).

• National Space Programs: Only 11 countries have independently developed and launched 
their own satellites and rockets, with New Zealand being the most recent addition as of July 
2018 (Wikipedia 2018c).

• Satellite Persistence: While most satellites have re-entered the Earth's atmosphere, some, like 
the first successful US satellite, Explorer 1 launched in 1958, remain in orbit.

• Satellite Launch Statistics: Estimates suggest that over 12,230 satellites have been launched 
historically, with around 4,635 currently in Earth orbit according to the United Nations Office of 
Outer Space Affairs (UNOOSA) as of November 2017 (Pixialytics.com 2018).

• Shift Towards SmallSats: Adoption of electric propulsion and digital payloads for SmallSats has 
reduced their average mass to less than 50 kg, driving a healthy market for Expendable Launch 
Vehicles (ELVs). Market Expansion: Companies, consortia, and national entities worldwide, 
particularly in the United States, are seeking to enter the growing ELV market (Klotz 2019).





• Rising Rocket Launch Sites: There are currently 22 active rocket launch sites in the United 
States, with the number expected to increase, especially with the emergence of smaller 
rockets for SmallSat launches (FAA.gov 2018a).

• Air-launched Rockets: Several airfields will also be utilized for air-launched rockets, further 
adding to the complexity of air traffic control over the United States. Air Traffic Control 
Challenges: The increasing number of rocket launches complicates air traffic control, 
requiring real-time monitoring of aircraft likely to fly close to scheduled launches. In 2018, 
there were 42,000 Federal Aviation Authority (FAA)-controlled aircraft flights per day, not 
including smaller aircraft from non-towered airports (FAA.gov 2018b; AOPA.org 2018).

• Payload Categories: Space launch systems are categorized into small lift (<2000 kg), 
medium lift (>2000 and <22,000 kg), heavy lift (>22,000 and <40,000 kg), and super heavy lift 
(>40,000 kg).

• Rocket Details: Tables 2.3 to 2.6 provide details on various rockets used or proposed for 
launching satellites, while Table 2.7 focuses on air-launched vehicles, and Table 2.8 lists sub-
orbital tourist rockets. Table 2.9 offers a price comparison of launch vehicles for Low Earth 
Orbit (LEO) satellites.

• High Altitude Platforms (HAPs): Proposals for deploying HAPs for emergency 
communications over disaster-stricken areas are also noted, involving tethered balloons or 
semi-rigid inflatable craft in HALO orbits (Tables 2.4–2.8).
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