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Course Content

• Week 1: Brief history & context: Background to the development of space, agencies, space 

history/policy, space economics, funding, future missions – case studies.

• Week 2: Introduction to space system design methodology: requirements, trade-off analysis, 

design specifications, system budgets. Introduction to space system architecture. Launch 

Vehicles.

• Week 2: Space and Spacecraft Environment: Radiation, vacuum, debris, spacecraft 

charging, material behaviour and outgassing.

• Week 3: Orbit Mechanics: celestial mechanics, orbits, trajectory design and spacecraft 

maneuvers

• Weeks 4-10: Spacecraft sub-systems design: Structure & configuration; Power, the 

power budget and solar array and battery sizing; Attitude determination and control; Orbit 

determination and control; Thermal control.



Basic Mechanical Concepts

• Load (F) - Φορτίο

• Static Loads - Loads (forces) that are constant (or 
relatively constant)

• Dynamic Loads - Loads that vary with time

• Axial loads - loads that are aligned with the longitudinal 
(long) axis of a structure – αξονικό φορτίο

• Lateral loads - loads that are orthogonal to the 
longitudinal axis – πλευρικό φορτίο

• Torsional loads - twisting loads that apply a torque to a 
structure – φορτίο στρέψης

• Compressive loads - loads that tend to compress 
(squeeze) a structure –θλιπτικό φορτίο (πίεση)

• Tensile (tension) loads - loads that tend to stretch (Pull) a 
structure – φορτίο εφελκισμού



Basic Mechanical Concepts



Fundamentals

• Bending Moments (M) – ροπή κάμψηςσ

• A force, F, applied at some distance, from an 

attachment point will give a bending moment:

M = F d

• Stress (σ) – Τάση

• Stress = Force per unit Area

• σ = F / A

• Where σ = stress N/m2

• F = force N

• A = area m2



Fundamentals (II)

• Strain (ε) - Καταπόνηση

• Strain = Change in Length / Original Length

ε = ΔL/L

• ε = strain m/m (dimensionless)

• ΔL = change in length m

• L = original length m



Mechanical Concepts



Elastic (Young's) Modulus (E)



Fundamentals (III)

• Q-Factor:

• The "Amplification" effect of vibrational energy when 

applied at, or near to, the resonant frequency of a 

structure.

• Safety Factor:

• The design margin applied to structures to ensure that 

they remain safe under the effect of the calculated loads 

- e.g. if the calculated maximum load on a particular 

structure is F, the structure may be designed to 

withstand a load of 1.5 F to ensure its safety.



Thermal Expansion (δ)



Stiffness/Δυσκαμψία



Small Satellite Separation Systems



Fundamental Vibration Frequency (f)

• All objects vibrate at some fundamental natural 

frequency, f, also know as the resonant 

frequency: 

f = [1/(2π)]sqrt(k/m)

• where f = the resonant frequency Hz 

• k = the objects stiffness Nm-1

• m = the objects inertia (mass) kg



Resonant Frequency

• A resonant frequency can be very sharp (we say 

such a structure has a high Q-factor), or it can 

be a small spread of frequencies (low Q-factor).

• lf an object is forced to vibrate at its natural 

frequency, the oscillations can become very 

large -especially if it is a high-Q structure. 

• Active or passive damping can limit a structure's 

response.



Spacecraft Structures



Contents

• General

• Functional requirements

• Structural requirements

• Sample structures

• Design

• Analysis

• Verification



Major Mechanical Parts

• Launcher interface

• Main thrust structure

• Secondary structural 

parts

• Miscellaneous parts

• Modules



Functional Requirements

• Support for bus and payload modules

• Interface to launch vehicle

• Alignment of units

• Thermal control

• Environmental shielding



Structural Requirements

• Structural loads

• Resonant frequencies

• Inertia Ratio and Axes

• Handling

• Integration

• Accessibility of sub-system



Box Structure

• Cuboid shape

• Structure build round 

kick motor

• Modules mounted on 

panels of box

• Tracking solar panels



Box Satellite Internal View



Ανατομία Δορυφόρου





Honeycomb Space Structure



Spinning Satellite

• Cylindrical shape

• De-spun antenna 

platform

• Trays with equipment

stacked



Spinning Satellite Examples



s/c stowed

s/c deployed



Example: Hayabusa (JAXA)



Design

• lterative process

• Combine functional requirements and 

environmental constraints

• Design main structure, analyse, optimise

• The design is an iterative process, which has as 

inputs the mission requirements and the launcher 

constraints.

• The main structure gets designed, analysed and 

optimised to meet all the specifications.



Analysis

• Computer aided analysis

• Engineering models

• Coupled load analysis

• The design is analysed using computer 

models. 

• These models have a mathematical 

description of the structure and parts of 

the spacecraft.



Analysis (III)



Further Satellite Structure Examples



Cassini



Cryosat



Satellite Sizes (Boeing)



Verification

• Mechanical confirmation of computer 

analysis by testing engineering model

• Repeat coupled load analysis with 

computer model updated with engineering 

test data.

• Tests on flight model



Mechanical environment

• Satellites are subjected to a wide variety of external 
influences during their missions.

• They range from Political and technical to Electrical and 
Mechanical.

• A brief overview of the Mechanical environment is given 
here.

• This presentation aims to give an understanding of the 
wide range of mechanical influences on a satellite, from 
manufacture through launch and orbital operations.



External Environment

• General

• Ground

• Launch

• Space

• The external environment is what nature and 

technology throw at the satellite.

• The environment breaks down into four major 

areas: General, Ground, Launch and Space.

• These are sub-divided then into several areas 

for the description.



General - Design Brief

• Satellite payload requirement

• Launcher allowable mass

• Launcher payload volume

• Launcher interface

• Launcher dynamics



General-Materials

• Magnetic

• Outgassing

• Conductivity

• Strength/Weight ratio

• Corrosion

• Compatibility





Ground-Manufacture

• Toxicity

• Availability

• Machinability



General-Integration

• Gravity

• Cleaning

• Shocks and Stress

• Moving

• Access

• Mating and De-mating

• Dust, Humidity, Temperature



Ground Tests

• General Non-mechanical test

• Vibration

• Shock

• Unit deployment

• Mass properties



Launch-Operations

• Shipping

• Mating of Spacecraft, Fairing etc.

• Launcher transport

• Sun, Wind

• LH2, filling



Launch-Shocks

• Booster ignition

• Launcher release

• Stage separation

• Fairing separation

• Other payload separation

• Spacecraft separation



Launch-Accelerations

• Sine

• Acoustic

• Random



Launch-Accelerations-Ariane 4





Launch-General

• Thermal shocks

• De-pressurization

• Gas flow

• Thermal radiation



Space - Vibration

• Kick motor burning

• Thruster firing

• Thermal vibrations

• Resonance



Space-Shocks

• Solar panel deployment

• Antenna deployment

• Kick motor ignition



Space-Undesired Forces

• Propellant valve operation

• Solar panel and Antenna trackers

• Propellant sloshing

• Tank stress

• Centrifugal forces

• Tape recorders

• Non-vented enclosures



Space-External

• Meteorites

• Solar pressure

• Radiation

• Gas

• Atomic oxygen



Space-External (III)

• Solar radiation puts a force on the satellite.

• Radiation can cause materials to degrade and 

lose strength.

• Free flowing gas molecules hitting the surfaces 

at 7 km/s put force on the satellite, causing orbit 

drift and attitude changes. 

• Atomic oxygen is very corrosive, and can 

disintegrate structural parts of the satellite.



Space-Desired Forces

• Thrusters

• Magnetorquers

• Gravity Gradient

• Centrifugal force

• Momentum wheels

• Reaction wheels



Summary

• Each phase in a spacecraft project has its own specific 

environment.

• The influence of all the environmental factors must be 

taken into account at the design and development stage 

to ensure the satellite can fulfill its mission

• Because often the requirements for the different mission 

phases are contradictory, it is imperative that the all 

phases are fully understood before the detailed design 

process is started 

• Only then will it be possible to achieve the correct 

compromises required for a successful design of the 

satellite.



Structures Problem (a)

(a) A University group designs a 1.0 kg pico-satellite that has to
be deployed at a velocity of 0.3 m s-1 relative to the launch
vehicle to which it is attached. This separation velocity is to be
achieved by a spring, which can be compressed by 2.5 cm.

(i) Assuming that all the energy in the compressed spring is
converted to kinetic energy of the satellite, calculate the
“stiffness” of the spring (i.e. the spring constant, k) required.

(ii) If the spring is misaligned slightly such that its line of
force acts through a point 1 mm displaced from the centre of
mass of the spacecraft, calculate the average force and the
resulting average torque acting on the satellite.

(iii) Given that the satellite has a moment of inertia of 6.0 x
10-4 kg m2 about the appropriate axis, calculate the satellite’s
tumble rate upon separation (in revolutions per minute), and
comment on need for accurately aligning the spring.



Structures Problem (b)

(b) The pico-satellite has six fixed, deployed solar panels, each with a
mass of 20 g.

(i) Assuming that the panels have a stiffness constant, k = 1000 Nm-1,
calculate their resonant frequency and comment, with reasons, on
whether or not they are likely to be damaged by the vibrations of launch.

(ii) The panels are made from aluminium, and are 8.5 cm long. Given
that, once in orbit, the temperature of the panels varies from –60 oC to
+30 oC, calculate the change in length due to thermal expansion.

Data:Thermal expansion coefficient of aluminium,  = 2.3 x 10-5 K-1

(iii) Given that the aluminium panel has a much higher thermal
expansion coefficient than that for the solar cells mounted on it, explain
how the stress associated with this change is length can be relieved.



Structures Problem Solution (a)

(i) The KE of the separated satellite = 0.5 mv2 = 0.5 x 1 x 0.32 = 0.045 J

Energy stored in the spring = 0.5 k x2

Thus, equating these k = 0.09/ 0.0252 = 144 Nm-1

(ii) Force = Energy/distance moved = 0.045/ 0.025 = 1.8 N (not 3.6 N)

(Another argument is that F= 3.6 N at start of push and zero at the

end, so the average push is 1.8N).

Torque = F x displacement from CoM = 1.8 x 1 x10-3 = 1.8 x 10-3 Nm

(iii) T = I ddt => d/dt = T/I = 1.8 x 10-3/6 x 10-4 = 3 rad s-2

This angular acceleration lasts for 2s/v = 2 x 0.025 / 0.3 = 0.167 s

But  = d/dt x t, =>  = 3 x 0.167 = 0.5 rad s-1

= 0.5 x (180/) x 60 / 360 = 4.77 rpm

A small alignment error can give a large tumble rate!



Structures Problem (b)

(i) Natural frequency = (1/2) sqrt (k/m) = (1/2) sqrt (1000/20 x 10-3)

f = 35.6 Hz.

There is significant energy associated with launch vibration-frequencies in

the few 10’s of Hz range, so there is a potential problem.

(ii) For the aluminium:

 =  (T) Linitial = 23 x 10-6 (90) x 8.5 x 10-2 = 1.76 x 10-4 m

(iii) The glue that holds the cell to the panel has some give in it. This

relieves the stress.
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