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Professional Certificate in Aerospace Engineering

Spacecraft Design and Orbital Mechanics

Spacecraft Design and Orbital Mechanics are critical components of the Aerospace Engineering field. This
explanation will cover key terms and vocabulary related to these topics.

1. Spacecraft Design:

a. Spacecraft: A vehicle designed to operate in the space environment, typically for scientific research,
communication, or military purposes.

b. Orbit: The path a spacecraft takes around a celestial body, such as a planet or a moon, due to the force of
gravity.

¢. Launch vehicle: A rocket designed to propel a spacecraft from Earth's surface into orbit or beyond.

d. Propulsion system: The components responsible for generating thrust, allowing the spacecraft to
maneuver and maintain its orbit.

e. Attitude control system: The components responsible for controlling the orientation and orientation
changes of a spacecraft.

f. Power system: The components responsible for providing electricity to the spacecraft, often through solar
panels or nuclear reactors.

g. Thermal control system: The components responsible for managing the spacecraft's temperature,
protecting it from extreme temperatures in space.

h. Communication system: The components responsible for transmitting and receiving data between the
spacecraft and ground stations.

i. Payload: The equipment or instruments carried by a spacecraft for its primary mission, such as scientific
instruments or communication equipment.

j. Life support system: The components responsible for providing a breathable atmosphere, temperature
control, and water for human spacecraft.

2. Orbital Mechanics:

a. Kepler's laws: Three laws describing the motion of planets around the sun, which can also be applied to
spacecraft in orbit around a celestial body.

b. Orbital elements: Parameters defining the shape, size, and orientation of an orbit, including semi-major
axis, eccentricity, inclination, longitude of the ascending node, argument of periapsis, and mean anomaly.
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c. Orbital maneuvers: Actions taken by a spacecraft to change its orbit, such as impulsive maneuvers or
continuous low-thrust maneuvers.

d. Impulsive maneuvers: Instantaneous changes in velocity, typically achieved through the use of rocket
engines.

e. Continuous low-thrust maneuvers: Slow, continuous changes in velocity, typically achieved through the
use of electric propulsion systems.

f. Hohmann transfer: A two-impulse maneuver used to transfer a spacecraft from one circular orbit to
another, requiring less energy than a direct transfer.

g. Gravity assist: A maneuver in which a spacecraft uses the gravity of a celestial body to change its
trajectory and gain or lose energy.

h. Escape velocity: The minimum velocity required for a spacecraft to escape a celestial body's gravitational
pull and enter interplanetary space.

i. Oberth effect: The increase in the effectiveness of a rocket engine when used at high velocities, such as
during orbital maneuvers.

3. Practical Applications:

a. A spacecraft designer might use the terms above when specifying the design requirements for a new
spacecraft. For example, they might specify the desired orbit using orbital elements, and specify the size of
the propulsion system required to maintain that orbit.

b. An orbital mechanics engineer might use the terms above when planning a spacecraft's mission. For
example, they might plan a sequence of orbital maneuvers to achieve the desired trajectory, or calculate the
gravity assist required to reach a distant destination.

4. Challenges:
a. Minimizing the weight of a spacecraft while ensuring it can survive the harsh space environment.

b. Designing an efficient propulsion system that can provide the required velocity changes while minimizing
fuel consumption.

c. Ensuring the spacecraft can communicate with ground stations, even when it is on the far side of a planet
or out of sight of any ground station.

d. Managing the spacecraft's temperature to prevent it from overheating or freezing.

e. Designing an attitude control system that can maintain the spacecraft's orientation and pointing
accuracy.

f. Planning a mission that can achieve the desired scientific or operational objectives within the constraints
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of the spacecraft's capabilities and the available resources.

In conclusion, Spacecraft Design and Orbital Mechanics are complex fields requiring a deep understanding
of many technical terms and concepts. By mastering these terms and concepts, professionals in the
Aerospace Engineering field can design and operate spacecraft that can achieve ambitious scientific and
operational objectives.
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