
Introduction 
This is a short guide designed to provide basic information on the topics 
being presented on today. It contains basic, factual information on each of 
the topics of discussion – the Solar Arrays, Battery and Power 
Conditioning and Distribution Unit (PCDU) as well as an overview of the 
project  itself and a summary of the work undertaken this year. 

 

What is ESMO? 

The European Student Moon Orbiter project, or ESMO, is a project 
coordinated by Surrey Satellite Technology Ltd (SSTL) to build a satellite 
for the European Space Agency (ESA) designed and constructed entirely 
by 23 student teams across Europe. The University of Warwick is 
responsible for the Electrical Power System; the generation, storage and 
distribution of electrical power throughout the satellite.  

 

Project Timeline 

The project is currently undergoing the Preliminary Design Review (PDR) 
process. It is this review that the team has been working towards 
throughout the year. 

 

 

 

 

 

 

 

 

System Architecture 

The EPS is comprised of three modules; the first is the Solar Arrays which 
convert solar radiation into electrical power through two solar panels. The 
second module is the battery, kindly provided by ABSL Space Products, it 
is used to store excess power generated by the solar arrays in periods of 
sunlight and provide power to the satellite in periods of eclipse. The final 
module is the PCDU which regulates and controls the flow of electrical 
power to and from the battery.    

  

 

The Warwick EPS team would like to thank 
our sponsors for the past and continuing 
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Battery: Electrical 
The battery is used to provide power to the spacecraft during periods of eclipse 

when no power is available from the solar arrays. The battery is constructed from 80 

ABSL 18650HC Li-ion cells arranged in an 8s10p (10 parallel strings of 8 cells each) 

configuration. 

 

It is important to ensure that when charging the battery the voltage does not exceed 

its maximum charge voltage. Doing so will permanently damage the battery and can 

cause it to explode. To safely charge a Li-ion battery the Constant Current Constant 

voltage method is used. This ensures that the battery is fully charged, without ex-

ceeding the maximum charge voltage. 

 

 

 

 

 

 

 

Empirical data for the ABSL 18650HC Lithium-ion cell was acquired by using BEAST 

(Battery Electrical Analysis Software Tool). BEAST is used by ABSL to simulate the 

typical behaviour of the 18650HC lithium-ion cell over a range of parameters and for 

a defined battery module configuration. Using this data and an equivalent battery 

circuit model the behaviour of the battery under various conditions can be simulated. 

The model was built in the Simulink software. 

 

Solar Arrays 
ESMO will be powered by two body-mounted solar arrays, with a total of 256 

photovoltaic cells. The current/voltage characteristic curve for the solar cell is 

given in the graph below. The maximum power that can be generated by the solar 

arrays is 250W. The panels themselves are made up of layers, as shown below: 

 

 

 

 

 

 

 

 

 

 

Technical work this year consisted of thermal modelling of the solar arrays, both 

as a validation of their design, and in order to see how the efficiency of the solar 

cells will vary during the mission. The graph below shows a plot of the 

temperature dependency of power output, efficiency and voltage of the solar cells. 

 

 

 

 

 

 

 

 

 

 

Three approaches were taken in thermal modelling: 

A lumped parameter model 

A finite-difference numerical model 

3D CAD model simulated in SolidWorks 

 

The results of the three methods showed a good level of agreement. During a 60 

minute eclipse the temperature of the arrays is expected to cool to between 164 

and 190K. Following an eclipse, the solar arrays are expected to reach a steady 

temperature of around 340K after 50 minutes. 

 

 

PCDU: Electrical 
A large proportion of the PCDU work this year concerns a trade-off between two 
power-regulation systems; Maximum Power Point Tracking (MPPT) and a 
Sequential Switching Shunt Regulator (S

3
R). The table below summarises this: 

Characteristic:  S
3
R  MPPT  

Complexity  Simple concept, but care needed 
to avoid single-point failure. 

Separate design required for S
3
R, 

BCR, MEA  

Modular design so inherently redun-
dant. 

One design is replicated several 
times.  

Efficiency  Circuitry itself is very efficient 
(98%), but array voltage fixed.  
Does not extract maximum power.  

Lower efficiency due to DC-DC con-
version (~90%), partially offset with 
extra available power.  

Thermal Considera-
tions  

More efficient, so less heat.  Lower efficiency produces more heat 
inside spacecraft.  

Battery Charging  Implemented with dedicated bat-
tery charge regulator.  

Battery is charged directly from bus.  

Mass/volume  Generally smaller and lighter than 
MPPT.  

DC/DC converters require large (and 
heavy) inductors.  Heat sinks may 
be required.  

 

MPPT Specification: Max. Input power: 250W, Max. Input voltage: 24V, 

Output voltage range: 20V-33.6V, Efficiency: > 90%. 

MPPT Prototyping Results: A test was performed to confirm the capability of the 
MPPT system to charge a battery with a constant current/constant voltage 
method. The following graphs show the battery voltage and battery current 
throughout the test: 

From 0-2900 seconds, MPPT system is operating in “Maximum Power Point 

Tracking” mode. 

From 3000 seconds onwards, MPPT system switches to constant voltage mode. 

 

Battery: Mechanical 
 Work revolved around qualifying the battery for the given vibration profiles and environments. The battery was analysed using 
linear dynamic random vibration and „1g static‟ simulations in the X-, Y-, and Z- axes. The results from the 1g static studies were 
scaled to meet the peak vibration experienced by the battery during the random vibration studies. This enabled the stresses in 
the bolt holes (that attach the battery to the satellite chassis) and maximum displacement of the casing to be found. The results 
were then compared to the 3 sigma confidence interval results to see if the battery would „survive‟ 99.5% of all possible vibration 
experienced.  

 

PCDU: Mechanical 
 The PCDU consists of two main Microtray sections: Solar array regulation tray (MPPTs) and Auxiliary electronics for telecommands and 
telecommunications (Power Management Unit). 

The high powered components are in the 4 MPPTs. The distributed heat generation therefore comes from the MOSFETs (10W), diodes 
(4W), resistors (3W) and inductors (3W).The PCB will be made from FR4 which has a low thermal conductivity (0.25Wm

-1
K

-1
); the case will 

be made from Aluminium T-6061 which has a high thermal conductivity (166Wm
-1

K
-1

). The internal layout of these components was 
designed with three main considerations in mind: Avoidance of main current lines crossing, Effective thermal transfer to the temperature 
reference point (Microtray casing) and qualification interface temperatures between 243K and 333K. 

The resultant thermal model showed that the layout of the components is crucial and they should be moved to the edges of the PCB where 
possible. The final layout had a differential temperature of 9.2K. Realistically, if a strictly modular layout of MPPTs is required, a heat sink 
may need to be implemented in the form of thin aluminium strips to effectively conduct heat from the centre away to the casing. 
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