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Lecture slides 





Part of the contents of this presentation originates from the lecture “Space 
Engineering and Technology I, Part I” (ae1-801/1), by R. Hamann.
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Nimbus/Landsat satellite - Artist's drawing of the general design of the Nimbus 
series of satellites. The solar-panel "wings" move throughout the day to track the 
Sun during the daylight part of the satellite’s orbit. The 10-foot-tall satellite has 
the attitude control system on top, separated from a 5-foot-diameter "sensory 
ring" (center) with scaffolding. The sensory ring holds the batteries and 
electronics for each of the sensors that are mounted underneath the ring (bottom). 



EUROSTAR 3000 Series + Diagrammatic representation of satellite - The 
Thuraya-1 satellite, part of a turnkey mobile communications system built for 
Thuraya Satellite Telecommunications Company of the United Arab Emirates -
Sea Launch Zenit-3SL rocket from the a the equator in the middle of the Pacific 
Ocean. The on-board processor constantly changes the beam configuration to 
match fluctuating usage patterns and make the most efficient use of the 
bandwidth available. In addition, the digital processor flexibly forms and 
switches many thousands of user channels simultaneously. The communications 
P/L design was one of the most powerful ever undertaken by Hughes, now 
Boeing, and uses an enhanced active phased-array antenna design in combination 
with a company developed state-of-the-art, digital signal processor for beam 
forming, channel formation and switching. The spot beams can be redirected on-
orbit, wherever needed from big cities to rural areas and even at sea. Thuraya has 
the capacity for 13,750 simultaneous calls. Thuraya-1 will be positioned at 44 
degrees East longitude, with a contracted life of 12 years in geosynchronous orbit. 
Power is derived from two wings of panels, each with dual-junction gallium 
arsenide solar cells.





The QSL, sinusoidal, shock and acoustic loads are in general specified in the L/V 
User’s manual. The random loads are derived from acoustic loads, in fact the 
random responses of the equipment mounted to the structure.

Homework:

Students shall collect and list design loads and natural frequency requirements of 
specific space launchers in Excel file.



The Quasi-Staic-Load (QSL), sinusoidal, shock and acoustic loads are in general 
specified in the L/V (Launch Vehicle) User’s manual. The random loads are 
derived from acoustic loads, in fact the random responses of the equipment 
mounted to the structure.

Homework (optional)

Students may collect and list design loads and natural frequency requirements of 
specific space launchers in Excel file.





Primary structure of Hipparcos satellite
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Slide shows ISS (included in the Table 1 in the hand out).

Bepi Colombo candidate configuration.

Slide to be used later on to show limitations to size as well as need for mechanisms. For 
the moment used her to remind me of incorporating some text on requirements from the 
other elements of a space system.

Homework:

Students shall collect and list payload bay dimensions and volume of specific space 
launchers in Excel file.



Typical installed powers for various kinds of spacecraft are compared in the next Table 
(from ESA  bulletin 87)

Mission Orbit Attitude Installed Power (W)

min. max. 

Science: - astronomy HEO, Fixed point Sun pointing (mostly) 

- deep space Various transfer orbits Sun or planet pointing  200-1500

Telecommunication GEO Earth pointing 500-5000 

Earth Observation LEO Earth pointing 500-5000 

Meteorology GEO Earth pointing 200-1500

Manned Vehicles Transfer +LEO Various 1000-10000

Manned Stations LEO Sun pointing 3000-30000 



600x1000x0.1=60 ton

100x15x365x24x3600=4.7E10 Joule  � 4.7E10/46.2E6 =4.7E10/ 4.62E7 ~ 1000 
kg but only 30% effective …..



Important distinction is in systems that work independent from the Sun and those that 
depend on the distance to the Sun

Short life

Batteries or fuel cells (for instance on launchers)

Long life: 

Deep space: RTG’s (Radioisotope Thermoelectric Generators)

Inner planets: Photovoltaic (Solar-electric) power

Earth orbit: Solar-electric power

Low power, low attitude accuracy: Body mounted

Low power, 3-axis control: Body mounted of deployable planar panels

High power: Deployable planar arrays

Cryogenic / Heat engines – see explanation earlier

Sigma =σ = Stefan-Boltzman constant = 5.67e-08 W/M2/K4

Epsilon = ε = effective emissivity  of the radiating surface depends on the material 
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Cassini - Huygens, mission to Saturn and Titan
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The problem on slide is included in the question pool on Blackboard, be it in a slightly 
modified way.
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It is essential that a reliable communication link between the ground station and the spacecraft is 
maintained throughout the satellite's different phases of operation. 

During the Launch and Early Orbit Phase (LEOP), ground control sends the required mission 
commands, such as to fire the booster rockets for orbital correction, to deploy the antenna or solar 
array, or to fire the apogee boost motors. Some of these operations must happen at precise times, 
while others can take place during a window of time. 

During the lifetime of the mission, which is generally four to ten years, the satellite receives daily 
the commands required to reconfigure functions according to requirements at the time. Earth 
observation satellites, such as SPOT or ERS, receive instructions for their next orbits, such as the 
region of interest of the Earth to observe, the direction of view, or the spectral band to use. A 
data-relay satellite, such as Artemis or DRS, receives daily commands to inform it of its low 
Earth orbiting clients; it receives the necessary data for pointing one or more of its antennas 
towards that satellite and following its path while data relay communication is required.

During launch and early orbit, status data allows ground technicians to check that commands are 
being carried out correctly, e.g. that boosters are being fired or that the antennas or solar panels 
are being deployed. Throughout the mission, it enables the mission control centre to survey the 
'insides' of the satellite, its configuration, its status, and in the case of failure, it provides the basis 
for the decisions that have to be made. 

Knowing where the spacecraft is (through tracking) allows for timing of commands and to point 
antennas so that the communication link is (near) optimal.



LOS-FOV-distance

Formule geven � pointsource





4x16x2048x2048x60=4 Gbit/sec



Lunar mission Dv requirements taken from Univ. Of Maryland presentation.





Comparative performance of some propulsion systems (source: Fortescue & Stark, Fig. 
6.2), see also section on propulsion.

Figure on the right taken from the work of H. Leenders.

Propulsion type Exhaust 
Velocity 

(m/s) 

Thrust 
Acceleration 

(go) 
Chemical 600 – 4500 0.1-10 
Nuclear < 9000 0.1-10 
Ion 5000 - 50000 10-3-10-5 
Plasma 5000 - 20000 10-3-10-5 
Resistojet 1000-4000 10-3-10-5 

 

 



Tsiolkovsky’s equation, sometimes also referred to as the “Rocket equation”, was 
first derived by Konstantin Tsiolkovsky in 1895 for straight-line rocket motion 
with constant exhaust velocity. Later it was shown that it is also valid for 
elliptical trajectories with only initial and final impulses (impulsive shot).

For details on the derivation of the rocket equation, you are referred to the 
Section on “Launch vehicle trajectories” in AE1-801.

Empty vehicle mass includes payload mass, structure subsystem mass, propulsion 
subsystem mass as well as the mass of all the other subsystems. Empty vehicle 
mass sometimes is also referred as dry mass. In practice, empty mass differs from 
dry mass in that empty mass also includes residual propellant mass (if any).



Newton’s second law

Change of momentum and exchange of momentum is key for both rocket 
operation and an active ADCS operation. For these impuls conservation for a 
closed system yields the formula given in the formula sheet addendum. In delta 
(∆) form the formula is applicable to limited time intervals as was shown in the 
Moonlander descent example during  the lectures.   

Answers to the problem above (to be worked out and checked using the formulas 
given) are:

(1) 1.163 m/sec2 

(2) 11.8 sec 

(3) 41 kN 

(4) 220.2 kg



Slew maneuver is a maneuver that intends to reorient the vehicle.



Slew maneuver is a maneuver that intends to reorient the vehicle.
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Any mission, whether communications, navigation, weather, military, or earth 
observation, goes through a number of development steps. In Space Mission 
Analysis and Design (SMAD), 2nd. Ed., by Larson and Wertz, 1992, 4 
development steps are distinguished: 

Concept exploration: Results in a broad definition of the space mission and the 
various elements that work in unison to realize the mission.

Detailed development: Results in a detailed definition of the system components 
and, in larger programs, development of test hardware and/or software.

Production and deployment: The construction of the ground and flight hardware 
and launch of the (constellation of) satellite(s).

Operations and support: The day-to-day operations of the space system, its 
maintenance and support, and finally its deorbit or recovery at the end of the 
mission life.

Space mission concept exploration is just one step in the development of a 
space system/mission.

Other space development organisations, like ESA, sometimes use a different 
phasing, but the essential steps are in essence the same.  





Overview of bus design and sizing (contents)

About spacecraft

The design process

Prepare list of spacecraft bus requirements and constraints

Develop baseline spacecraft design

Generate configuration drawings

Generate mass, size, and cost estimates, etc.

Design of subsystems

Establish budgets for spacecraft bus power, mass, size, etc.

Review

Figure taken from University of Maryland presentation on propulsion system 
design, by David L. Akin, 2002.



Slide 43

JM2 Kuiper; 18-9-2009
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In many respects Saturn's largest moon, Titan, is one of the most Earth-like world we have found to date. 
With its thick atmosphere and organic-rich chemistry, Titan resembles a frozen version of Earth, several 
billion years ago, before life began pumping oxygen into our atmosphere.

Titan is of great interest to scientists because it has a substantial, active atmosphere and complex, Earth-like 
processes that shape its surface. The moon is enveloped by an orange haze of naturally produced 
photochemical smog that frustratingly obscured its surface prior to Cassini's arrival. Since 2004, the 
spacecraft's observations have taken the study of this unique world into a whole new dimension.

Cassini has revealed that Titan's surface is shaped by rivers and lakes of liquid ethane and methane (the main 
component of natural gas), which forms clouds and occasionally rains from the sky as water does on Earth. 
Winds sculpt vast regions of dark, hydrocarbon-rich dunes that girdle the moon's equator and low latitudes. 
Volcanism may occur as well, but with liquid water as the lava.

On its journey to Saturn, Cassini carried the European-built Huygens probe. On Jan. 14, 2005, Huygens 
achieved humankind's first landing on a body in the Outer Solar System when it parachuted through Titan's 
murky skies. Huygens took measurements of atmospheric composition and wind speeds during its decent, 
along with an incredible series of images showing telltale patterns of erosion by flowing liquid. The probe 
came to rest on what appeared to be a floodplain, surrounded by rounded cobbles of water ice.

As the Cassini Equinox Mission progresses, the spacecraft will monitor Titan's atmosphere and surface for 
signs of seasonal change. The spacecraft's radar and camera systems will continue to peer through the haze, 
expanding our high resolution maps of the surface. And scientists will eagerly await new data that could 
confirm the presence of a liquid ocean beneath the giant moon's surface.

The exploration of this amazing place is just beginning. Frigid and alien, yet also remarkably similar to our 
own planet, Titan is a new world – revealed before our very eyes by the Cassini and Huygens spacecraft.
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