
Deployable
radiator
wing for high
performance
CubeSats
Designing, analysing,
prototyping and testing
C.A.B. van Lierop

Te
ch
ni
sc
he

U
ni
ve
rs
ite
it
D
el
ft





Deployable radiator
wing for high

performance CubeSats

Designing, analysing,
prototyping and testing

by

Casper Adriaan Bastiaan van Lierop
to obtain the degree of Master of Science
in Spaceflight - Aerospace Engineering
at the Delft University of Technology,

to be defended publicly on February 4, 2021 at 9:30.

Student number: 4367707
Project duration: October 6, 2019 – February 4, 2021
Thesis committee: Dr. A. Cervone TU Delft, chair

Dr. J. Guo TU Delft, supervisor
M. Grimminck MEngSc Airbus Defence and Space Netherlands, supervisor
Dr. M.J. Heiligers TU Delft, independent examiner

An electronic version of this thesis is available at http://repository.tudelft.nl/.

Cover image: Artist impression of the CubeSat with the deployable radiator wing, composed of
existing images from [4, 16] by F.A.V. van Lierop.

http://repository.tudelft.nl/




Preface
This thesis report concludes my journey of my Bachelor Aerospace Engineering and my Master

Space Flight at the Delft University of Technology.
This thesis could not have been performed without the help and resources provided by Airbus De-

fence and Space Netherlands. I would like to thankmy supervisor at Airbus Defence and Space Nether-
lands, Mark Grimminck for his help and time. He gave me the opportunity to work on this thesis and
to build a prototype. Furthermore, I would like to thank the employees of Airbus Defence and Space
Netherlands for their help. Most notably N. van der Pas and S. Loarte Castro with their extensive help
and to answer my many questions about the software and thermal control. K. Koek had all the expertise
and experience to help me produce the prototype.

I also would like to thank my supervisor Dr. J. Guo, Associate Professor of Space Systems Engi-
neering in the Faculty of Aerospace Engineering of the Delft University of Technology (TU Delft). He
oversawmy work and gradedmy work. He providedme with extensive and useful feedback and advice.

Unfortunately, halfway during my thesis, the pandemic of COVID19 struck the Netherlands. I had
to work from home. The most unfortunate consequence was that I could not perform the tests at the
test facilities at Airbus necessary for this thesis. Suddenly, I had to find new test possibilities and found
these at the university. Thanks a lot to Dr. J. Guo for his help finding these alternative test facilities at the
university. Also a lot of thanks to my fellow society members from Delft Aerospace Rocket Engineering
(DARE) for being allowed to use DAREmeasurement equipment, useful for the alternative test. Thanks
to M.S. Uludag for his help with the vacuum oven on short notice for the alternative test. Last but not
least, I thank my family and friends for their support and help. Special thanks to my sister F.A.V. van
Lierop for the artist impression of a CubeSat with my design for the deployable radiator wing, on the
cover page of this thesis.

I had planned for more tests including a vibration test, a thermal contact resistance test of the
materials used and a deployment test. Unfortunately, this was not possible due to the pandemic.

C.A.B. van Lierop
Delft, October 2020

iii





Summary
Spaceflight is becoming more accessible for companies, research institutes and students due to

the development of CubeSats. These small satellites contain small and typically few payloads. The
trend is that these payloads reduce in size, but not in power, which increases in power density and
total power. These high-performance CubeSats generate a lot of heat relative to their size. This heat
must be rejected to prevent overheating. The standard thermal control solutions for CubeSats, such
as body mounted surfaces, are not sufficient. This thesis proposes a dedicated deployable radiator
to solve this thermal control problem. Furthermore, it investigates the deployable radiator’s thermal
performance by two lumped parameter numerical models with thermal modelling software. One model
for the deployable radiator individually and one model of a system with a CubeSat dummy with the
deployable radiator integrated. These models are verified by simplified models and a test with a proto-
type. The thesis’s goal is to answer the following research question: What is the effect of an external
radiator using High Performance Radiator (HiPeR) to the temperature progression of a CubeSat over
the course of a polar orbit?

The deployable radiator should be light, foldable and have high thermal efficiency. A laminate
of adhered sheets of the highly conductive material Pyrolytic Graphite (PG) with protective Kapton
sheets on the external surfaces is used to achieve this. This laminate is developed by Airbus Defence
and Space Netherlands and is called HiPeR. This laminate is semi-flexible but not enough to fold it
sufficiently and with specific design elements can be folded such that it can be stored with minimum
volume. Given that the CubeSat’s available internal volume is limited, it is proposed that the radiator
is folded around the external surfaces of the CubeSat. The radiator has the shape of the letter T
(inverted). This allows for folding around the cubical shape of a CubeSat. Typically, the laminate is not
flexible enough to achieve the required bending radius to fold around the sharp edges of the CubeSat.
The adhesive is not applied to the folding parts of the radiator to increase the local flexibility, allowing
a tighter bending radius. These parts are called the hinges. The flexible hinges require additional
stiffness once deployed to maintain the radiator shape in orbit. Additionally, actuation is also required
to deploy the radiator. Typical hinges used for deploying solar arrays are too big, whereas a tape
spring offers a novel way of using a stiff beam to function as a hinge when elastically deforming the
shape. This creates a tape spring hinge. These hinges are located in the hinge parts. When folding
the tape spring hinge, stresses are induced in the material, and potential energy is stored like a spring.
This potential energy can be used to deploy the radiator passively. The heat generated internally is
connected to the radiator thermal interface via a thermal link. This thermal link can be a heat pipe or
a conductive strip of material. However, this is out of the scope of this thesis. The T-shaped radiator
made from 12 sheets of PG is able to fold around the cubical size of a CubeSat and able to deploy with
a tape spring hinge.

The thermal performance of the deployable radiator is analysed with a numerical model in ESATAN-
TMS-2019 to achieve optimisation of the design. This includes the number of layers of PG sheets, the
size of the hinge parts and the shape of the radiator. Each layer of the radiator laminate is modelled
individually. A heat flow boundary condition is applied on the edge of the base part, and the environment
boundary condition is deep space. Modelling the radiator individually, achieved that the steady-state
temperatures and heat flows are demonstrated to be fit for purpose with this design concept.

Analysing the thermal performance of the radiator individually provides not enough information on
whether the radiator reduces the temperature of the high-performance CubeSat in orbit around Earth.
To analyse this, the radiator is integrated into a dummy CubeSat to analyse the combined influence on
the performance. The dummy CubeSat has dummy payloads to simulate the heat generated during an
orbit. Deployable, rotating and Sun pointing solar arrays have been modelled at the top of the CubeSat
to represent the view factors and shading. The size of the solar arrays is representative for the power
requirements. The radiator is located on the bottom side of the CubeSat perpendicular to the axis of
rotation of the solar arrays to minimise Sun illumination on the radiator. The radiator is connected to the
heat-generating payloads via a thermal link. The deployable radiator is integrated on a representable
CubeSat to analyse the in-orbit thermal performance.
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The design of the dummy CubeSat with the radiator is analysed also using ESATAN-TMS-2019.
The research question is answered by comparing the temperature progression of the dummy payloads
inside the CubeSat over an orbit in two cases: one with the deployable radiator and one without a
dedicated radiator. It is found that the radiator causes the payload temperatures in a specific heat
load case to drop from 85°C to 20°C. This reduction is caused by the improved thermal coupling of
the payloads to space via the radiator. On average, the heat dissipated by the payload to space is
12 with a heat load of 30 . The remaining 22 is radiated to space via the CubeSat body. This
demonstrates that the deployable radiator is capable of reducing the temperatures of the CubeSat.

The sensitivity analysis showed that some design assumptions on the parameters have a significant
impact on the thermal performance of the radiator. These parameters include the thermal conductivity
of the thermal link between the dummy payloads and the radiator and changes in the orbit of the
CubeSat around Earth due to the Earth revolving around the Sun. The sensitivity analysis showed that
the radiator is insensitive for the number of layers. Increasing to 24 layers reduces the temperatures
only with a few degrees, while it almost doubles the mass of the DRW laminate.

A test with a prototype of the radiator has been performed. The test was performed in a vacuum
oven. Due to the COVID-19 pandemic, testing in a vacuum chamber with low pressure was not possi-
ble. The alternative test facility, the vacuum oven did not achieve enough vacuum such that radiative
heat transfer is dominant over the heat transfer via the air. It is estimated that around 52% of the to-
tal heat is dissipated via radiative heat transfer. It is desired that the radiative heat flow is dominant
because this is more representable for the circumstances in space where there is almost no air at all.
Furthermore, for the numerical simulation of the test, the model to predict the influence of the air over-
estimated the heat flows via the air. Thus the verification by testing has high uncertainty. Therefore,
the results are inconclusive. Further testing in a more representative test environment is required to
verify the numerical results in ESATAN-TMS-2019. The test showed that the deployable radiator is
able to dissipate heat efficiently. However, it was not possible to verify the numerical model.

In conclusion, the deployable radiator is verified by analyses that it reduces the temperature of
the payloads significantly within the requirements for the assumed load case. This reduction is demon-
strated by the efficient heat flow path between the payloads and space via the radiator. The deployable
radiator makes it possible to design CubeSats that use increasingly higher power dissipating payloads.
The design concept demonstrated as part of this thesis has shown compatibility of a CubeSat payload
of up to 30 of power without the risk of overheating.
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