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Abstract

This thesis details the design and development of the Power System for the Rover Deployment System.
This power system delivers and manages the necessary power required by the entire Rover Deploy-
ment System. The RDS is responsible for ensuring the roveris survival inside the transportation pod
during transit. It also handles releasing the rover, which a mechanical mechanism will lower onto the lu-
nar surface. The goal of Lunar Zebro is to send a nanosatellite to the moon for lunar surface exploration
and radiation measurements.

The power system was designed to power the MCU and transceivers at 3:3V , to provide power for rover
charging at 12V, and to charge a capacitor bank used to provide the necessary actuation power to the
NEAs. An electrically triggered umbilical release mechanism, unfortunately, could not be implemented
due to a lack of available data. The circuit for this system was created, simulated, and added to the
PCB design of the RDS. The simulations of the circuit behaved desirably. Due to the lead time on
orders, the PCB has unfortunately not been received yet. Because of this, the entire power system has
unfortunately not been tested yet.
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As the culmination of our undergraduate studies in Electrical Engineering, this thesis was prepared
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the necessary systems for this is the Rover Deployment System. Currently, the RDS team consists of
mechanical students working on the mechanical aspects of the RDS. The RDS also requires a control
system for communication, to direct power to the rover, and to deploy it. The design of this control
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This project could not have been possible without people willing to lend us their time and expertise
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on the team that we would like to thank are Project Leader Giannis Vardanikas, Chief Engineer and
Head of System Engineers Ataberk Ayata, and RDS Engineer Sebastiaan Dirven. Last but not least,
we would like to thank our colleagues, Diederik Aris, Henri Vanhuynegem, Noa Kant, and Tadjiro Velzel
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Lunar Zebro is 0Worldis smallest and lightest rover yet, built
by TU Delft studentso [53]. The focus of the Lunar Zebro
team is sending the rover to the moon as a piggyback pay-
load, which is attached to a lunar lander. After the lander
makes contact with the lunar surface, it will send a signal in-
dicating that the Rover Deployment System (RDS) should
release the rover onto the lunar surface. Thus, the primary
goal of the RDS is to release the rover onto the lunar sur-
face upon receiving a deployment signal. The rover must
not be released at any other moment.

During the early stages of RDS development, the need
arose for an electrical system that controls the mechanical
system, allows the rover to communicate with the lander,
and provides power from the lander to the rover. This func-
tionality is crucial to the success of the entire mission, indi-
cating the critical role of the RDS electronic subpart.

0000 0oo0ditoobboiOon uoogon

Space exploration started in 1957 and has since grown into
a 630 billion dollar industry [73]. Large agencies such as
NASA and ESA are developing various projects to extend
human knowledge about extraterrestrial life. These agen-
cies develop products with similar goals as the Lunar Zebro
rover, such as nanosatellites, which also weigh between
1-10 kg and operate in the same harsh environments[58].
These nanosatellites are deployed into space to orbit in the

Introduction

Figure 1.1: Rover Deployment System

Low Earth Orbit zone, which lies between 200 to 2,000 kilometres above Earth. The product most
similar to the Lunar Zebro RDS is the deployment system used for these nanosatellites. An example
would be the ISIPOD CubeSat Deployer, created by ISISPACE [46]. However, very little information
about their control systems is publicly accessible. Many space agencies maintain large amounts of
proprietary information, which makes it difficult to find information about their electrical control systems.

0100 000bood 0od buodo

The goal of the Rover Deployment System is to deploy the Lunar Zebro rover to the surface of the moon,
as written in the system overview (Chapter 2). Non explosive actuators have been used in state of the
art space applications such as the release of the solar panels, primary and secondary mirror assemblies



1.3. Thesis synopsis 2

of the James Webb Space Telescope [31]. However, they have never been used to deploy a vehicle
to the lunar surface. Therefore, methodical development of this system is crucial to the success of the
Lunar Zebro mission.

The success of the mission depends on the RDSi ability to withstand the harsh environment of space,
including temperatures ranging from -170 to 130 degrees Celsius [55], high acceleration during trans-
port and low amounts of available power. Furthermore, the large cost of transporting mass to the
lunar surface, and Lunar Zebrois future ambitions towards robotic swarming, underline the need for
a lightweight system. Therefore, developing the RDS control system not only requires a combination
of expertise in low power engineering, electronics design, and embedded systems, but also requires
extensive knowledge of robust, reliable, and lightweight design.

Lunar Zebro aims to launch their rover at the end of 2025. Considering this system is crucial in order
to achieve mission success, there is high urgency for a first draft design, which can subsequently be
optimised and certified.

000l 0bo0ubuidibo Udo Loy

The main stakeholder for this project is the Lunar Zebro student research team, as this team provides
the context in which the project takes place. The insights and methodologies developed here could be
used as a basis for future Lunar Zebro projects and contribute to the broader field of electronic systems
for space deployment mechanisms. Other major stakeholders are also the other two bachelor project
teams working on the rest of the RDS control system, as clear communication between these groups
is essential for a good design.

Another stakeholder is the company responsible for the lunar lander. As the Lunar Zebro mission is
a piggyback mission, it is important that the design is cleared before it is launched. It is therefore
important the design achieves the necessary certifications. However, which lunar lander will be used
for the definitive launch is unknown during this project.

0000 00000t obdooom

This thesis will cover the power system (PS) of the RDS control system. The power that is required
by each subsystem or module will be delivered and regulated accordingly by the power system. The
system will use control signals received from the microcontroller and will provide power to the actuation
and sensing system. The system and its place in the RDS control system will be further elaborated
upon in chapter 2. The microcontroller that needs to be programmed for control and communication
along with the sensing and actuation will not be treated here as they fall outside of the scope of this
thesis. These systems will be designed by other sub-groups of the BAP group. For details about these
design the the thesis of the two other subgroups must be consulted.



System Overview

The Rover Deployment System was designed with three objectives:
1. Deploy the Lunar Zebro rover on the surface of the moon.
2. Provide power from the lander to the rover during transit when needed.
3. Function as an intermediary for communication between the rover and the lander.

The RDS can only function properly if each system fulfills its designated role to achieve these objectives.
The Power Flow System is one of the main systems of the RDS. This chapter, System Overview, serves
as an explanation of the PSis role and position in the RDS. As stated in the Introduction, the RDS is
made up of three subsystems. The entire RDS with these subsystems can be seen in figure 2.1. In
this overview, the Power System is marked in red.

. Sensing
Temp sensing ron/oﬁg}{ Heating H Backup ]
sensing 1
YVVYY
[ €———Comms uControIIerL Comm
Lander

Deployment control

Umbilical
Override

opILUIBAO JapueT]
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A\ 4

Umbilical
Cord

Umbilical inhibition

Deployment

Control
Signals
+

12v

Voltage
Sensing
Power ) | Current

12V > -
System sensing

Figure 2.1: RDS and subsystem Overview

Figure 2.1 displays the connection between the PS and the MCU, lander, NEA, and rover. The con-
nection between the lander and the PS serves as the input of the system. The lander provides the PS
with 3W of power at 28V . The PSis job is to then apply the appropriate methods to ensure that the
other subsystems connected to it, can function properly. The MCU and rover will be provided with the
necessary power for the appropriate amount of time to make sure these systems work as optimally as
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possible. The PS is also connected to the NEA. The NEA is an essential part of the RDS as it is the
component that physically allows the rover to be released when fired. The NEAs used are actuators
consisting of a fuse that requires a current spike for a certain amount of time to disintegrate, which then
leads to the NEAs actuation. This peak in current flow will be provided by the PS to the NEAs. Parts of
the output of PS will be connected to sensing and actuation modules. These can be placed between
the PS and NEA to sense the voltage and current flow to the NEA. As can be seen in figure 2.1, the PS
and rover are connected through an umbilical cord. This connector will support power flow from the PS
to the rover and optionally vice versa. This cord will also be used as the communications connector
responsible for transferring data between the MCU and rover.



Program of Requirements

0000 0oo0otoooo Looobood
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Any reliable and qualitative system has requirements that it must adhere to. The RDS system has mul-
tiple requirements which need to be satisfied. These requirements are essential for a successful Lunar
Zebro mission. The RDS requirements can be split into functional, and non-functional requirements.
These, together, are the requirements that should be satisfied by the designed system for the system
to be qualified as fully functioning.

The RDS department at Lunar Zebro is relatively new. It only consists of a mechanical department,
without a control unit. The current RDSis mechanical department has designed a pod that will be at-
tached to the rocket and a mechanism that lowers the rover onto the Lunar surface. The addition of
the RDS control system will provide multiple capabilities. The RDS control system will supply power,
do checkups on the rover (while in transit), facilitate communication between the lander and the rover,
and trigger the deployment. The RDS control system will handle everything regarding deployment up
until the latch of the pod opens up and the lowering mechanism lowers the rover onto the lunar surface.

The RDS control system will be formed by 3 subsystems that, when working in unison, ensure the sys-
tem functions properly. The subsystems are the software system, the Power system, and the actuation
and sensing system.

0 A

0000000000 000000000000
1. The system should be able to actuate 4 Non-Explosive Actuators (NEA).

An umbilical cord must be used to connect the electronic RDS to the rover.
The system should make all unconsumed power available to the rover.

The rover must remain fixed to the RDS pod unless it deploys.

There should be a thermal control system on the RDS.

The system should release the rover by actuating four NEAs.

Fail-safe backups should be implemented to prevent single points of failure.

© N o g s w DN

The system must relay data from the rover to the lander and vice versa.
0 T

1. The system should be able to actuate two types of NEA, the NEAE Model 9040 Miniature Hold
Down & Release Mechanism (HDRM) and NEAE Model 1120-05 Pin Puller.

5



3.1. Requirements Overview 6

2. The system should be able to operate in an environment with temperatures between 120 and
+120 C.

. The system should be able to withstand vibrations experienced during launch, transit, and landing.
. The RDS control system has a mass budget of 200grams.

. The RDS control system must be smaller than 20cmx20cmx10cm.

. The system should be able to operate on a 3W, 28V DC supply rail.

N O O~ W

. The system must achieve 99:9% reliability to release the rover and the pod-latch.

I O [ |

The Power System has multiple general requirements and specific ones for its subsystems. To design
quality subsystems that will function as effectively, efficiently, and reliably as possible, the team also
formulated sub-requirements for these subsystems.

0000 DoOooiodoo bobdioodooia
0000000 boOOD Dooooo

The power system:

A must receive power from the lander.

A must convert the voltage from the lander to satisfy the specifications of the sub-components.
A is responsible for supplying actuation power to the NEAs.

A must deliver power for rover battery charging.

A is responsible for powering the MCU (Microcontroller Unit).

A is responsible for powering the transceivers attached to the MCU.

00000 00O0Lonou buiomoooooo
A The rover must be charged at 12V .

A The 12V bus should always be available for charging, except for when the capacitor bank (5.2)
is being charged.

000 0000moOoon
A NEAs should be fired when the rover has landed, regardless of the state of the power system.

A The power system must deliver enough current in a short amount of time to the NEAs. This
depends on the selected NEA and will be specified in Section 4.2.

00 000 000000000000 0000000400000
A The Power System must always deliver the necessary power to the MCU.

A The Power System must always deliver the necessary power to the transceivers.

00000000 00000 00000000000
A The RDS-to-rover umbilical cord should detach from the rover before powering and actuating the
NEAs.

A The data transfer rate of the RDS-to-rover and the lander-to-RDS umbilical cords should be at
least the same as the maximum data transfer rate of the MCU.

A The RDS-to-rover umbilical cord must be able to transfer the power necessary to charge the
roveris battery.

A The lander-to-RDS umbilical cord must be able to transfer the power necessary to deliver power
to the subsystems of the RDS.

A The lander-to-RDS umbilical cord must remain fixed at the RDS and lander connection terminals
throughout the journey.
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0 A R | R W W]
0000000 00000 0ooooa

The power system:

A should have fail-safes and breakers.
A should contain as many space-graded components as possible.

00000 00000000 000000000000
A The down-converters should have back-ups in case they malfunction.

000 Doooioboboo

A NEAs are the main priority; thus, the actuation circuit must be as independent and reliable as
possible.

100 D00 00000oonooot btopotio oo
A The MCU must be supplied with 3:3V at all times.

A The transceivers must be supplied with their required voltage at all times.



System Design

The goal of this project is to design and build a power-supplying system for the RDS. The design of
this system will be explained in the following chapters. The team divided the design into two phases
to achieve a functioning system that adheres to the requirements stated in section 3.1. The first one is
the high-level design, treated in this chapter. The second is the Circuit Design, treated in chapter 5.

Ol DhObooiod 4odooogd

To start with the High-Level Design, the team must be aware of the main subsystems that will make up
the final Power Flow System. By looking at the requirements, the team devised a subsystem division
which will be explained in this section.

R A

The requirements in section 3.1 state that although the lander provides power at 28V , the components
of the RDS control system itself require different voltages to function. The MCU and its transceivers
require a constant power supply at 3:3V and the rover battery must be charged at 12V . The subsystem
that will actuate the NEAs may also require a lower voltage than the voltage level of the lander. To
achieve this, the 28V needs to be down-converted to the lower voltage levels required by the other
subsystems.

Qoo OO0 boooooiod

An integral part of this design is the actuation of the NEAs. These components are the ones that keep
the rover fixed to the RDS pod. When the lander has landed, the NEAs should be actuated to release
the rover in the pod and to release the latch of the pod. Once this latch is released, the rover is lowered
to the Lunar surface by a scissor hinge mechanism designed by the RDS mechanical department. This
can be seeninfigure 1.1. If the NEAs are not actuated, the rover remains fixed and the pod stays closed.
This means that the rover does not touch the Lunar surface, ultimately meaning mission failure. The
NEA actuation is thus one of the most critical points of the RDS.
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{ifiol 0Oboo Oobtood

While in transit, the goal of the RDS as a whole is

to monitor and regulate the state of the rover and i

to send this information to the lander. 12y “12v
———o

The subsystems like the rover, sensors, con-
trollers, actuators, et cetera, also use power. o
The RDS has to supply the rover with power | 7------ i

1
so that it can decide when to draw power bidirect ‘ (| oc e
idirectional converner
for the battery to charge. The on-board } Pt . ' oc [+
rover Battery Management System will decide /| oc _1,_ [ ——
this. The rover battery and its subsystems o] e
are connected through a 12V bus and mul- Leiaistatarn g 1| oc ﬂ:_g.av
tiple converters, this can be seen in figure settery pack ——— - oc | 1
4.1. The PS must supply power to this bus at Min: 1387 — oo -- : e
12V. -T- Bucly—_Bgo;t_an_vmer
3 S R Ry

Qo0 o0 000 0oooodoiogod cEEeae :
The MCU and its transceivers function as the
brain of the system. All digital decisions are made
by, and communicated through, these compo-
nents. Just like in the human body, these need to
function at all times. Because of this, the MCU and transceivers must continuously receive power(3:3V).

Figure 4.1: Rover Deployment System

{iolon OOooniodon 0oog

Although not a oreald subsystem, it is important to mention the relevance of the umbilical cords that
connect the RDS to the lander as well as the RDS to the rover. These cords will provide bidirectional
data and power flow. The only exception to this is that the current flow between the RDS and the lander
will only be mono-directional because the lander will supply the RDS with power at all times.

000 0i00ooudol Dooood

The subsystem division and the requirements give the team a clear understanding of what the system
should look like. The next step is to create a high-level design for the system which will be treated in
this section. This is done to first clearly work out the interactions between the main subsystems and
what else is necessary for a fully functioning connected system to be designed. In this stage, the team
will represent these subsystems and other extra modules with blocks in a block diagram. This allows
the team to easily customize the design without going into too much detail. During this design phase,
the team made multiple designs, which would eventually lead to the final design that will be explained
in subsection 4.2.1. These earlier designs can be found in Appendix B In each design, the subsystems
and their place in the system will be explained so that the reasoning per subsystem, is as clear as
possible.

Qo0 Dooor 0ooooo

After devising the previous designs, the team learned from its mistakes. Using this and the new-found
knowledge achieved from research, the team began to work on a final high-level design that would
be used for simulation, implementation, and testing. This final design differed quite a bit compared
to the previous designs, as can be seen in figure 4.2. Here, the black lines represent the 28V bus,
the gold lines represent the 12V bus, the green lines represent the 3:3V bus, the blue lines data and
communications, and the red lines represent connections to backup systems. In the next subsections,
the modified subsystems will be treated.
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Figure 4.2: Final High-Level Design
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In the previous designs, a single-buck converter was used for the 12V bus. This was the primary con-
version method for this branch. As was the case for the LDOs, the system was initially designed to work
with a single LDO for primary conversion to the 3:3V bus. The backup conversion methods for both
branches were LDOs placed in parallel with the buck/LDO. After the second design was finished, the
team noticed that only one LDO in our power range was space-graded. This was the TPS7A4501-SP
low-dropout regulator [44]. Additionally, this space-grade LDO did not qualify for the intended purpose
of the second design. Here, the 28V to 3:3V conversion was done by an LDO. The space-grade LDO
however, does not support such a high input voltage, as can be seen from the datasheet [44]. The
maximum input voltage of this component is 20V . Another design is thus required.

In the final design, the decisions about the 12V bus converter drastically changed. A choice had to
be made between the SVRCH2812S and the SVSA2812S, which are the 12V output models from the
previously mentioned converter series from VPTPower in section B.0.2.1.

In the end, a configuration of two SVRCH2812S buck converters in parallel was chosen because of
reliability and efficiency considerations. The two individual converters have a maximum output power
of 1:5W. By using two in parallel, the system can still benefit from all the available input power delivered
by the lander (3W). The choice for this specific design will be further elaborated on in section C.1.

As can be seen from figure 4.2, the output of each buck branches off into two. Every buck has one
branch which is connected to an LDO that converts the voltage to 3:3V. The output of the LDOs of
the two branches then reunite to form a singular 3:3V bus. This is represented in the graphs by the
green lines at the output of the LDOs, reuniting and eventually diverging to the MCU and transceivers.
The other output branches of the bucks meet at the equalizer. Even though the two bucks are the
same model, components always have a (small) margin. The equalizer is a module that minimizes the
differences between the outputs of the two bucks to ensure the eventual 12V bus is stable and reliable.

The parallelization of both the buck converters and the LDOs creates a system that does not contain
single points of failure. This is achieved without adding backup components that are not used during
the primary conversion method. E.g. for the bucks, during normal operation, they work together to pro-
vide the necessary power to the 12V bus. However, if one buck were to fail, the other buck would still
perform the voltage conversion to 12V, but at half the power. This should only have as a consequence
that charging times take twice as long. This concept applies too if one LDO were to fail.

The failure mode of the overall voltage conversion system is if both bucks or both LDOs stop working.
Considering the components are space-qualified, the chances of two simultaneous failures are very low.
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In this final design, the number of NEAs used for fixation and release was increased from 3 to 4. The
mechanical team conveyed the need for an extra NEA due to new mechanical considerations in their
design. This led to figure B.2, which contains an extra NEA along with an 1&V meter and S.O.L. sensor
on its respective branch.
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The new capacitor bank consists of three super-capacitors that will all be charged and discharged to
provide power to the NEAs. These capacitors will also be charged directly by the 28V bus supplied by
the lander. The reason for this is that a higher charge voltage means that the capacitance decreases
to store the same amount of energy. Using equation B.1, it is clear to see that for an increase from 12
to 28V . The stored energy increases by a factor of 5:4 %). To store the same amount of energy as
before, this means that the capacitance can, in theory, be decreased by a factor of 5:4. Having smaller
capacitors decreases the overall weight of the system and the occupied PCB real estate. This also
removes the dependency on the 12V buck converter and isolates the capacitors from the rest of the
circuit. This will be elaborated upon further in section 5.2. Just like in the voltage conversion system,
each capacitor functions as a backup. Each capacitor on its own is capable of discharging enough
energy in a short enough time to fire the NEAs. Because of this, the failure of one or two capacitors
does not lead to the failure of the entire system.



Circuit Design

This section covers the second phase of the design. It differs from section 4.2 however. As the final
design will be of main interest, a more in-depth reasoning will be discussed for the made choices. All
components and their placement will be discussed. By doing this, the section essentially explains the
conversion from the system architecture to the circuit design, formed by all individual components.

The circuit design consists of two sections. Firstly, the voltage conversion will be explained. In this
subsection, the choice for and the functioning of the parallel buck converters will be explained. The
equalizer will also be treated, the sub-circuit that makes parallelization of the two bucks possible. Fur-
thermore, the LDOs will be elaborated on, and lastly, the connection between these sub-circuits to form
one voltage conversion system will be explained.

00l dootood 0hooootiod

As mentioned in the requirements 3.1 and in chapter 4, the power system should be able to provide
power on a 12V and a 3V bus. The relevant part of this voltage conversion can be seen by zooming in
on figure 4.2. The following subsystem, which can be seen in 5.1, is achieved.

Figure 5.1: High-level design: voltage conversion
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