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The use of computer generated models enables the team to study the effects of changing a parameter such as load
type or power consumption during a particular phase of the ESMO mission. SolidWorks is being used for the CAD
design, Excel for photovoltaic cell and I-V curve plotting, Virtual Test Bed 2003 for battery charging/discharging and
Multisim for electronic circuit simulations. An overall power consumption model across all phases of the mission is
currently being built in Simulink for flexibility of adapting to changing requirements by other ESMO teams.

Multisim Circuit simulation of PCDU
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Heat released by the electrical components needs to be
dissipated to avoid overheating. Only heat conduction and
radiation methods may be used due to the vacuum of space.
Heat can be dissipated by:

Strategic positioning of electrical
components with high heat
dissipation

Using materials with high heat
conductivity ratios

Maintain a high temperature
gradient

Using heat sinks

Top: MOSFET thermal profile

as used in PCDU
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The function of the PCDU housing is to hold the components in place and to protect them from
radiation, vibration & heat during the mission. It will be made of aluminium alloy 7075 T6,
which is solution heat treated and artificially aged. This material can be processed in many
ways including casting and machining.

Commercial silicon integrated circuits fail when exposed to 2-15 kilorads of radiation. The
satellite will be exposed to up to 30 kilorads therefore further radiation protection is required.
RadCoat is a paint-on coating developed by Maxwell Technologies, commissioned by NASA. It
is composed of densely packed radiation shielding particles, dispersed within a binder. This
material will be painted onto the PCDU housing to provide further radiation protection. The
effect on the conduction properties of aluminium is yet to be investigated.

Aluminium Alloy 7075 T6
(Aerospace Specification

Metal Inc. Aluminium)
Thermal

Conductivity
130 W/mK

Ultimate
Tensile

Strength
572 MPa

Tensile Yield
Strength

503 MPa

Vibrational and Structural Stress Qualification Levels

Longitudinal Sin Vibration
test, Lateral Sin Vibration

Test, Sweep Rate

Random Vibration Frequency
(Hz), Density (g2/Hz), RMS

value (g)

Acoustic
Vibration Test

P230 thrust oscillation stress test
Longitudinal
Acceleration

Lateral
Acceleration

Acceptance
Level

19.8 mm, 2 G; 14.9 mm, 1.5 G;
4 Oct/min

30-150, +6 dB/Oct, 11;
150-700, 0.0727, 11;

700-2000, -3 dB/Oct, 7.3;

142 dB, 1 minute
(overall) -4.55 G to +1.75 G

+/- 3 G

Right: Mission Timeline

Excel Simulation of the Solar Array

The Student Space Exploration and Technology Initiative (SSETI) was set up to create a network of
students, institutes and organisations across Europe to design, construct and launch spacecraft. SSETI is
an organisation which was derived from the educational division of the European Space Agency (ESA).

The European Student Moon Orbiter (ESMO) project was initiated in March 2006 and aims to be the first
student-built moon orbiting satellite. ESMO, planned for launch in 2011, will transmit images of the moon
back to Earth for educational outreach purposes and also to perform various scientific experiments such as
gravity-mapping of the lunar surface. The ESMO project has passed a feasibility study and is now in
Phase B: Detailed Definition.

The MEng team from the University of Warwick is responsible for the design of the Electrical Power
Systems (EPS) of ESMO. The EPS will generate, control and distribute power for the satellite and its
payloads. The objectives of the team for 2007/2008 are:

Detailed design of the Electronic Power System (EPS) of the orbiter

Simulation of all electronic systems including photovoltaic arrays and batteries

Simulation of the CAD model of the physical structures of the EPS with stress and thermal
analysis

Electronic Power
System

Chemical Propulsion
Engine

Nar row-ang led
Camera

Star tracker and
attitude control

Communication
antennas

Solar Array

Power Bus

ESA requires the nominal bus voltage to
be 28V but this design allows for 24V-32V
due to variations in the load, light
intensity and the battery state of charge.

Capacitors dampen any spikes on the
power bus.
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Battery

A rechargeable lithium-ion battery is
used to power the satellite during

periods of eclipse.

The battery consists of 80 ABSL
1850C cells which can last for 3.5
hours, through the longest eclipse.

Maximum Power Point Tracker
(MPPT)& Shunt

The MPPT is a microcontroller based
control system that ensures the
maximum power is supplied to the
power bus from the SA. This is done
by varying the duty cycle of a dc/dc
converter. Excess power not needed
by the bus is dissipated through the
shunt resistor.

Three solar panels are attached
to the body of the satellite to
convert sun light in to electricity
with an efficiency of about 28%.



Solar Array (SA)

Battery Charge Controller

Charge termination to
avoid damage to cell

Constant Voltage Charging

Constant Current Charging

Trickle Charging restores
deeply depleted cells

100%

75%

15%

<0%

Telemetry & Telecommand (TC/TM)

The TC/TM monitors the current, voltage
and temperature of the other subsystems.
This data is then sent to the system bus
where it can be accessed by the
communications module and passes on
commands to other parts of the EPS.

Payloads

NAC: A narrow-angled camera to
take pictures of the moon.

Lunette: A microsatellite to map
the moon.

BioLex: A biological experiment
observing growth of bacterial
cultures in space.

LunaNET: The first internet link
in space.

Power Distribution Unit

This consists of current limiters & power
switches, which monitor, control, protect
& distribute power to other subsystems.
Foldback current limiters are used to
protect critical subsystem by limiting
their power supply, whereas latching
current limiters cut off their supply when
excess current is drawn.
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