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Abstract
This paper presents the first in-orbit results of the modular two-unit (2U) nanosatellite SOMP2b, focusing on the satellite 
bus itself and its scientific payloads. Launched in January 2021, SOMP2b comprises an innovative highly integrated satellite 
design with a high payload capacity. It contains the in-situ measurement of atomic oxygen in the thermosphere (FIPEXnano), 
a thermoelectric generator to investigate waste heat recovery in satellites (TEGonSOMP) and a material experiment to study 
the behaviour of carbon nanotubes in a space environment (CiREX2). The commissioning of the satellite bus was, in most 
respects, successful. Despite manageable limitations in communication and attitude functions, the payloads TEGonSOMP 
and FIPEXnano were successfully commissioned. Regarding the failure of CiREX2, countermeasures in fthe orm of in-orbit 
software updates are being investigated at the time of this publication.
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1  Introduction

At the Institute of Aerospace Engineering of TUD Dresden 
University of Technology modular nanosatellites are devel-
oped as carriers for scientific experiments. Since the begin-
ning of the SOMP2b development stage in 2012, the land-
scape of nanosatellites has changed significantly. So-called 
Cubesats and their parts are now commercially available, 
more capable and mostly focused on scientific missions and 
payloads [1].

The acronym SOMP2 stands for Student On-orbit Meas-
urement Program followed by the satellite’s counting num-
ber, and also aims to train students in the field of space engi-
neering in a practical way. It is the successor of the former 
Student Oxygen Measurement Project from 2007, which 
developed a 1U nanosatellite to measure atomic oxygen, test 
thin film solar cells and demonstrate the ability of a univer-
sity to fully develop its own satellite bus and payloads [2].

As described above and shown in Fig. 1, SOMP2b is a 2U 
nanosatellite developed after the CubeSat Standard from Cal 
Poly and Stanford [3]. Its dimensions are ~ 10 cm × 10 cm 

× 20 cm and it weighs 1.981 kg, including three scientific 
payloads (P/L). Since the failure rates of small satellites, 
especially those developed by educational institutions, are 
very high [4], SOMP2b aimed to design and build a modular 
nanosatellite bus that can accommodate multiple payloads 
and be easily adapted to new payloads.

SOMP2 had two missions into low earth orbit, desig-
nated SOMP2a and SOMP2b, respectively. SOMP2a was 
launched via Nanoracks with ATLAS-V in 2017, as part of 
the QB50 mission [17], and deployed from the ISS space 
station. Unfortunately, no communication could be estab-
lished with the satellite. The successful successor mission 
was SOMP2b, via Transporter-1 with Space X’s Falcon 9 
rocket in January 2021. It was launched into a retrograde, 
sun-synchronous orbit, at an altitude of 535km and an incli-
nation of 97°.

This paper aims to provide an overview of the mission, 
briefly analyse the subsystems in-orbit performances and 
describe the first scientific payload in-orbit results. Finally, 
an outlook on the further mission is given. Since the project 
has a clear educational purpose, this paper also explicitly 
addresses the errors that occurred during the mission.
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1.1 � Mission objectives

The goal of SOMP2 development is to operate scientific 
payloads and to demonstrate the functionality of a highly 
integrated satellite design. As the educational aspect is one 
of the fundamentals of the mission, most of the compo-
nents were developed at TUD with a strong involvement 
of students. As an educational project, the objectives were 
set as follows:

1.	 Education and training of engineering students and sci-
entists.

2.	 Development of a 2U modular nanosatellite and integra-
tion of 3 scientific payloads.

3.	 In-orbit operation of the satellite and its payloads, test-
ing of the highly integrated side panel’s redundancy and 
evaluation of scientific results.

1.2 � Payload overview

As mentioned, SOMP2b hosts three scientific payloads, 
namely FIPEXnano, TEGonSOMP and CiREX2.

FIPEXnano is a miniaturized version of the success-
fully flown FIPEXonISS experiment (Phi-(Θ-Flux)-Probe-
Experiments on ISS), which demonstrated in-situ measure-
ment of molecular and atomic oxygen on ESA’s external 
platform EuTEF, on the International Space Station [5–8]. 
It was chosen as one of three main payloads in the QB50 
project, and therefore, was foreseen to be the main payload 
of 14 satellites [9, 10]. The experiment consists of two 
electrochemical amperometric sensors and is able to in-
situ measure and distinguish atomic and molecular oxygen 
at a partial pressure below 10–6 mbar (see also Sect. 4.1). 

Its dimensions are approximately 9 cm × 9 cm × 4 cm for 
the main electrical and structural components, and it is 
placed on the Z-side of SOMP2b, which shall be pointed 
in ram direction for consistent measurements. Addition-
ally, the two sensors were extended outwards of the satel-
lite surface to avoid surface influences.

TEGonSOMP aims to demonstrate the possibility of har-
vesting energy off of the naturally occurring heat flows in a 
satellite’s structure resulting from environmental radiation 
[11]. Furthermore, it shall gather data on the degradation 
behaviour of a miniaturised low-power bulk-type thermo-
electrical generator (TEG). A 9.1 mm × 9.9 mm bismuth-
telluride-based commercial bulk-TEG was chosen and ther-
mally connected to two copper elements, each housing a 
temperature sensor. One side is thermally conducted to the 
backside of a solar panel while the second side only uses 
thermal radiation towards the inner satellite. For redundancy 
two assemblies (TEG1 and TEG2) are placed on the Y− and 
Y + side panels of SOMP2b.

CiREX2 aims to characterise and research the degra-
dation behaviour of carbon nanotubes (CNT) under space 
conditions, and to compare the results with ground-based 
environmental tests. CiREX2 houses twenty samples of sin-
gle- and multi-walled CNTs and also graphene. Twelve sam-
ples are exposed to the space environment while the remain-
ing eight are shielded by an anodised aluminium cover plate. 
Those samples are placed beneath the FIPEXnano sensors 
on the Z-panel of SOMP2b facing ram direction. As a proxy 
parameter for the degradation effects the electrical resistance 
is measured [12, 13].

2 � Satellite and mission overview

SOMP2b was completely developed by TUD personnel and 
students, incorporating the experiences and lessons learned 
from the first SOMP 1U nanosatellite. Therefore, unlike 
SOMP, SOMP2b uses two commercial radio modules ‘Lith-
ium Li1’ by Astrodev for UHF communication for reliability 
reasons, but is still operating in the amateur radio band.

Whereas until then ordinary nanosatellites had been 
developed mainly for a dedicated payload, the basic idea 
of the project was, to design a modular nanosatellite, that 
could theoretically carry multiple payloads, without hav-
ing to adapt the main features. For this reason, the satellite 
design was mainly split into three parts shown in Fig. 1:

1.	 System bus containing batteries, radios, onboard com-
puter (OBC) and backplane (2, 3, 6).

2.	 Highly integrated and redundant side panels, each con-
taining a full set of attitude determination and control 
system (ADCS) sensors and magnetorquer, solar pan-

Fig. 1   Overview of SOMP2b subsystems (left) and flight model 
(right). Shown are (1) payload module including payload controller 
and payload H/W, (2) Backplane, (3) OBC and battery module, (4) 
TEGonSOMP, (5) side panel, (6) antenna module including CS mod-
ule, switches and antennas
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els with maximum power point tracking (MPPT) and a 
microcontroller (µC) for data pre-processing (5).

3.	 Dedicated P/L stack containing all payloads with a 
standardised interface and a payload µC for script han-
dling and data pre-processing (1).

To simultaneously simplify hardware (H/W) and soft-
ware (S/W) development and increase system redundancy, 
each side panel is standardised to house all ADCS sensors 
and actuators, along with the MPPT of each solar panel. 
This made considerably more space available inside the 
satellite for payloads. The dedicated payload µC controls 
script-based P/L operations, switch on and off, data han-
dling and pre-processing of P/L data.

SOMP2b was launched at 17:00 Central European Time 
(CET) on January 24, 2021 on a Space-X’s Falcon 9 rocket 
as part of the Transporter-1 mission. Carrying 143 sat-
ellites, it was the highest number of satellites deployed 
with one launch at the time. The first status beacons were 
received at 18:49 CET via a Swedish ground station (G/S) 
participating in the Satnogs amateur radio satellite ground 
station network. The first successful contact by TUD G/S 
was made at 20:17 CET.

At three months, the commissioning of the subsys-
tems took longer than expected due to problems with the 
G/S (Fig. 2). Nevertheless, all subsystem statuses were 
nominal and only a few minor and medium S/W bugs 
were identified during the commissioning process. These 
were mainly related to the logging function and the for-
matting of individual data sets in the beacons (e.g., side 
panel temperatures). Due to the particularly gentle release, 
the decision was made, not to commission the ADCS for 
safety, after the correct functionality of the sensors had 
been tested. Later, problems with the ADCS actuators 
were encountered.

The first payloads to be commissioned were TEGon-
SOMP and CiREX2 because of their low demand for 
electrical power. While the commissioning of the former 
was successful for one of the two TEGs, CiREX2 could 
not be operated successfully, although further attempts 
were made during the following months. Over the next 
9 months, four TEGonSOMP measurement campaigns 
were conducted successfully, and the experiment is still 
ongoing.

Using an iterative approach to parameter determination, 
FIPEXnano commissioning was successfully completed 
after a few weeks. Fine-tuning the sensors takes more time.

At the time of this paper, a new OBC firmware version is 
currently being uploaded containing bug fixes and extended 
logging and beacon functions for further ADCS and sys-
tem analyses. This should also significantly improve com-
munication, by selecting the better-receiving radio module 
by default.

3 � Operation

This chapter briefly presents changes made to the G/S setup 
after launch and analyses of the in-orbit performance of the 
electrical power system (EPS), communication systems 
(CS), ADCS and the OBC.

3.1 � Launch and ground segment

In the first hours after launch, the received status beacons 
showed all systems performing nominally. Over the next 
overpasses, it was discovered, that the G/S was not capable 
of transmissions in the UHF band in half duplex mode. This 
was initially overlooked in pre-flight tests, as the G/S could 
not be used because of its high transmission power. Hence 
all tests used a radio similar to the flight radios of SOMP2b 
and were aimed to test the functioning of the in-house G/S 
S/W. Switching transmission and reception bands were not 
feasible considering the low response time of SOMP2b of 
less than 300 ms (Fig. 3).

To solve the problem a relay was added between the low 
noise amplifier (LNA) and the antenna (see Fig. 4). Thus, 
the LNA is now connected to a S/W-defined radio receiver 
using open-source S/W for reception and decoding. In case 
of a transmission the relay switches automatically to connect 
the original transceiver to the YAGI antenna. Utilising the 
already installed 20 dB LNA a commercial RTL-SDR stick 

Fig. 2   Mission timeline of SOMP2b
Fig. 3   Setup and waterfall plot of the SDR evaluation S/W showing 
the first successfully received beacon by TUD G/S
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was sufficient for reception. It was later changed to the more 
sophisticated RSPdx by SDRPlay to improve the reception 
of weak signals in the high-noise environment of the sur-
rounding city for overflights at low altitudes.

3.2 � Subsystem in‑orbit performance

While commissioning itself was mostly successful, the fol-
lowing sections aim to provide an overview of subsystem 
in-orbit performance, using key events of the mission.

3.2.1 � Electrical power system

SOMP2b’s EPS is based on four side panels housing four 
solar cells each (meaning 10W peak power per side panel) 
on both x- and y-axis and one side panel housing only two 
solar cells on the Z + panel. The Z− panel (pointing in flight 
direction) is reserved for payloads. For energy storage two 
lithium-ion batteries with 1950 mAh nominal capacity each 
were selected. The performance of the EPS is presented 
using telemetry data of voltage, currents and temperatures.

Figure 5 shows the remaining capacity for both batter-
ies as transmitted by status beacons. The last full discharge 
cycle was performed in January 2022 after one year mis-
sion time and showed no signs of degradation of maximum 

capacity. Together with the battery voltage levels depicted in 
Fig. 6 the energy budget of the EPS proofs to be more than 
sufficient for all standard operations on SOMP2b.

Both figures also show a gap in the data from Novem-
ber 30, 2021 till January 4 2022. During this time, the bat-
tery µC responsible for gathering and communicating the 
EPS data to the OBC could not be reached via the I2C bus. 
This resulted in missing data and the subsequent automatic 
attempts to free the communication bus resulted in a very 
high number of daily OBC resets of approximately 50/d dur-
ing the time (see also Fig. 12). Every other module on the 
I2C bus could be reached during this event and the satellite 
continued to function nominally during eclipse. While in 
theory, every module of SOMP2b can be remotely power 
cycled and reset, this does not apply to the battery µC as it 
is directly connected to the batteries. Thus, the power cycle 
of the µC is only possible via the deep discharge protection 
circuit of the additional battery management chip in use. 
As the only consumer able to overcome the energy budget, 
FIPEXnano was switched on with a continuous script and 
successfully triggered the deep discharge cut-off within 24 h. 
Since then, the EPS has been in nominal operation.

All solar panels perform as expected. While the current 
monitor of Y + panel does not show any generated power, 
its correct functioning was verified through observing, that 
the total battery charging current is higher than the sum of 
the individual panel currents when Y + is facing the sun. 
Therefore, it was concluded, that the issue is only a non-
functioning sensor. The peaks seen in Fig. 7 after Septem-
ber 2021 are due to less additional beacons captured by the 
Satnogs network as interest in individual satellites decreases 
over the mission timeline.

The wavy patterns shown in Figs. 5, 6, 7, 8 are due to 
the non-integer number of orbits per day and the resulting 
periodically changing overflight time over TUD G/S.

The temperatures of battery 1, OBC and side panel are 
plotted in Fig. 8 using telemetry data for both the battery 
and the OBC and using TEG experiment data for the side 

Fig. 4   Changes made to TUD G/S setup to enable half-duplex mode 
within the UHF band

Fig. 5   SOMP2b remaining battery capacity of battery 1 and 2 from 
launch till Jul. 2022 as transmitted by beacons Fig. 6   SOMP2b battery voltage from launch till Jul. 2022
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panel. The temperature swings depicted are in the expected 
range for low earth orbit (LEO) satellites without an active 
thermal regulation system and coincide with reports from 
other nanosatellites [14–16].

The highest absolute values and gradients were 
recorded on the side panels in the range of ± 30 °C. Due 
to the aforementioned error in beacon definition, those 
are currently only recorded by the TEGonSOMP experi-
ment but will be recorded nominal after the OBC firm-
ware update. Typical OBC temperature gradients swing 
about 25K and the batteries approximately 9K per orbit 
due to additional multi-layer insulation applied. Although 

both values are in the same absolute temperature range 
of ± 20 °C the OBC temperatures range slightly higher due 
to excess process heat.

3.2.2 � Communication system

Unlike the first SOMP satellite, it was decided to use a 
fully developed radio module with flight heritage for rea-
sons of reliability. The SOMP2b communication module 
consists of two redundant Astrodev Lithium Li1 radios 
each connected to its own pair of dipole UHF antennas.

Oscillations in the signal intensity during longer file 
transfers from orbit show an imperfect omni-directionality 
of the antennas, which could not be proven in previous 
far-field tests on the ground. In combination with the unin-
tended rotation rate of the satellite (see Sect. 3.2.3), these 
imperfections cause the link budget to be exceeded during 
certain orientations of the spacecraft (Fig. 9).

Despite both modules working flawlessly from the 
beginning, there are significant differences in performance 
that were neither expected nor existent in the pre-flight 
tests.

While downlink signal-to-noise ratio is very similar 
for both modules, uplink performance is different. Reli-
able communication is possible for an elevation higher 
than 40° with module 1 but already from 20° with module 
2. As this was not expected, the standard module after 
an OBC reset is always module 1. SOMP2b will switch 
modules automatically every 48h without communication 
from TUD G/S.

With the next F/W update module 2 is set to be the 
standard module, and the ability to switch modules via 
command from ground has been implemented as well.

Fig. 7   Current generated by SOMP2b’s solar panels from launch till 
Jul. 2022

Fig. 8   SOMP2b inner and surface temperatures from launch till Jul. 
2022. Due to a beacon error the surface temperatures are sourced 
from the TEGonSOMP experiment

Fig. 9   Spectral waterfall plot of a 90s SOMP2b file download. 
Changes in intensity illustrate imperfect omni-directionality of dipole 
UHF antenna
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3.2.3 � Attitude determination and control system

As mentioned in Sect. 2 no detumbling was necessary after 
deployment. After confirming the correct function of the 
attitude determination sensors, it was decided to not further 
commission the ADCS until necessary. A small increase and 
later decrease of rotation around z-axis in the first 5 months 
(see Fig. 10) was attributed to outgassing or thermal effects 
as no active components of the ADCS were active during 
this time frame. The investigation on this matter has not yet 
been concluded. There were no significant differences in 
payload and satellite operation between periods of increasing 
and decreasing rotation rates. Therefore, a systematic effect 
such as unwanted magnetic torques due to nominal current 
flow in the satellite does not appear to be solely responsible. 
However, both effects are of the same order of magnitude 
and may have overlapped.

As is shown in Fig. 11, in June 2021 with the first acti-
vation of FIPEXnano the heat up of the sensor induced a 
rotation around the x-axis. The cause could be a possible 

outgassing of the sensor after being inactive for a long time, 
as the sensors are offset from the centre of mass of SOMP2b. 
The simultaneous reduction in the change of rate of rotation 
about the y-axis may also be due to this. However, since this 
already slowed down before the start of the experiment, it 
cannot be said with certainty.

As mitigation, the ADCS was activated but malfunc-
tioned. After the first activation, SOMP2b started tumbling 
and the dedicated detumbling mode reproducible triggers an 
OBC reset after a short time.

The problem could not be reproduced with the ground 
model. As of the writing of this paper, ADCS is still not 
functional and we await the finished firmware update for 
improved logging functions to further investigate.

As explained in Sect. 3.2.3, the faulty behaviour of the 
ADCS leads to significantly worse communication than 
expected at the beginning of the mission. This increases in 
particular the time required for downloading the payload 
data and thus the response time for scheduling the different 
experiments.

3.2.4 � On‑board computer

From the very beginning, SOMP2b OBC is experiencing 
approximately one reset event per day on average. Periods 
of higher rates of resets alternate with periods of lower 
rates. Longest successful operation without reset was 9 
days. The high frequency of resets has been attributed to 
I2C bus communication failures between OBC and battery 
µC (the ground model has run without resets for up to 1 
month when deactivating the battery status task in the OBC 
program code). In December 2021 the battery µC was not 
reachable on the main bus, but all other components were. 
As the battery status task can only be deactivated with a 
firmware update, about 50 daily OBC resets occurred during 
that time frame. A power cycle of the battery µC was forced, 
when activating FIPEXnano for 24 h exceeded the energy 
budget and triggered a deep discharge shutdown from the 
battery management chip. Since then, the rate of OBC resets 
is back to normal.

While the average reset rate does not interfere with satel-
lite and payload operations, timeframes with higher reset 
rates interfere especially with the TEG operations which 
include continuous measurements over 6 h (Fig. 12).

4 � First results of payload operation

This chapter presents an overview of the commissioning 
challenges and the first results of FIPEXnano, TEGonSOMP 
and CiREX2.

Fig. 10   SOMP2b turning rate telemetry from launch till Jul. 2022

Fig. 11   Turning rates of SOMP2b and the change induced by the first 
heating of the FIPEXnano sensors
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4.1 � FIPEXnano

FiPEXnano attempts to in-situ measure the highly reactive 
atomic oxygen of the thermosphere along the satellite’s 
orbit. Atomic oxygen is the dominant species in this region 
and its capability of eroding spacecraft materials can pose 
serious concerns. For correlation and validation of atmos-
pheric models measurement results are crucial [9]. So far, 
reversible, time-determined, on-site measurements exist 
only along the orbit of the ISS, but the behaviour at higher 
latitudes is known only from sporadic, remote sensing 
measurements [6, 9].

The working principle of the sensor is described in 
detail in [6, 7]. Here, the small ceramic-based sensor 
(2.5 × 2.5 × 0.5 mm3) operates at elevated temperatures of 
600–700 °C to enable the electrochemical reaction and 
to conduct oxygen ions through yttrium-doped zirconia-
based solid-state electrolytes. The applied voltage forces 
the current of oxygen ions proportional to the oxygen mass 
flux. Therefore, the sensor needs to operate in free molecu-
lar flow and its direction of motion needs to be known.

FIPEXonISS was an experiment on the COLUMBUS 
External Payload Facility EuTEF (European Technology 
Exposure Facility). It provided the first measurements of 
the time-resolved behaviour of atomic oxygen and oxygen 
molecules. Further miniaturisation of the sensor and its 
electronics enabled its use on the QB50 nanosatellites with 
very limited results [17]. A revision of this sensor system 
[8] has now been integrated into SOMP2b.

For the safety and protection of the EPS, the design of 
FIPEXnano requires that each sensor can only be oper-
ated individually and not simultaneously to comply with 
a wide range of nanosatellites from the former QB50 
program (Fig. 13).

The experiment was first activated on June 21, 2022 with 
the first commissioning script, which briefly heats up each 
sensor once using only half of the available heater power. No 
sensor data is gathered during this script. After the correct 
functionality of the electric components had been verified, 
the second commissioning script was activated. Using each 
sensor for 20 min it aimed to prove the correct functioning 
of the sensor pair.

The first results as depicted in Fig. 14 show the drawn 
currents for each sensor over the complete duration of the 
script. Gaps in the graph resulted from non-ideal com-
munication during downlink (see also Sect. 3.2.2). It was 
deemed too much effort to retry until every set was com-
pletely downloaded correctly as the broad sensor data was 
clear. Starting during an eclipse the measurement data of 
Sensor 1 looked promising as the level of atomic oxygen is 
expected to rise closing in on sunrise [6]. Furthermore, the 
peaks before sunrise correctly show the rotation of SOMP2b 
around the x-axis. By aligning the sensors periodically in 
the ram and wake direction the partial pressure of oxygen 
oscillates accordingly [6]. After sunrise, the sensor current 
was expected to rise significantly but instead it drops and 

Fig. 12   SOMP2b reset events and Bat1 Voltage from launch till Jul. 
2022

Fig. 13   Change of battery current of SOMP2b during eclipse with 
FIPEXnano activated

Fig. 14   First results of FIPEXnano commissioning script. Depicted 
are the sensor currents as resulting from the residual oxygen in the 
space environment
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levels off. This was attributed to a possible saturation of the 
sensor after the long time span between integration and first 
activation. This problem should later resolve itself with more 
time in the hot state.

After 20 min of measurement time, FIPEXnano switched 
to sensor 2. As the two sensors differ in design the sensor 
current is not directly comparable. With the first minutes 
again correctly showing SOMP2b’s rotation with a rising 
level as expected when getting closer to the equatorial plane 
[6]. The following levelling off, decrease and re-increase 
of sensor current could not be explained by the standard 
thermosphere models.

Later measurements led to the discovery of an S/W error 
in the automatic measuring range switching, which leads 
to overshooting of the sensor (see Fig. 15). With the pre-
selected sets of parameters this occurred at every measure-
ment and does not end on itself. Further efforts will therefore 
concentrate on fine-tuning control parameters of the very 
sensitive sensor to prevent a change of measurement range 
during one orbit. Since the environment cannot be replicated 
exactly in the laboratory, this could not be predicted by tests 
on the ground either. It is especially challenging to set the 
electrochemical equilibria on the sensor because the poten-
tials are affected by atomic oxygen at about one-millionth 
of the ambient pressure. After the mission is completed, the 
results will be published in detail.

4.2 � TEGonSOMP

TEGonSOMP should contribute to the evaluation of the 
usability of so far unused heat for the electrical energy sup-
ply. This is particularly interesting for nanosatellites, which 
on the one hand generate little electrical power due to the 
small solar cell area and on the other hand are designed for 
low power levels. It should be noted that studies show that 
solar-radiated heat of up to 25 watts/1U cubesat is absorbed 
and unused [11, 18]. The TEG experiment is intended to pro-
vide experience in the integration and operation of energy 
harvesting methods rather than supply the SOMP2b satellite 
[18].

TEGonSOMP consists of two thermoelectric generators 
each thermally connected to two copper plates. One plate is 

connected to the back of solar cells on opposite side panels 
of SOMP2b, the other uses thermal radiation towards the 
inner satellite. The electrical components are placed on one 
PCB in the main payload stack (see Fig. 1) and two smaller 
PCBs for voltage and temperature measurement placed on 
the inside of the according side panels. For the three meas-
urement programmes a resistor array is used to connect dif-
ferent loads to the TEG. By default, the TEGs are connected 
to two super capacitors (Fig. 16).

TEGonSOMP was first activated on March 05, 2021. It 
was chosen as the first P/L to activate because of its low 
power consumption of approximately 60 mW. Its func-
tion was determined by the elevated power consumption 
on the 3V3 bus and the corresponding beacon information 
(Fig. 17).

The ‘Characterization Mode’ uses a resistor network to 
apply different loads, and measures the resulting voltage 
drops to calculate the corresponding characterisation curve. 
Figure 18 presents different sections of the TEGonSOMP 
measurement campaign from June 2021. The first subplot 
depicts 27 orbits of temperature measurements showing an 
approximately constant maximum gradient between maxi-
mum and minimum temperatures per orbit of 50K. The sec-
ond subplot highlights the change of gradient between the 
outer and inner temperature of TEG2, therefore confirming 
the approach of the experiment to use said gradient in the 
sun and shadow phase. Subplot three depicts the voltage 
drop of TEG2 caused by the switching of load resistors.

Fig. 15   FIPEXnano sensor current with overshooting

Fig. 16   Setup of one thermoelectrical generator on SOMP2b side 
panel. Depicted are (1) copper radiation plate facing the inner side of 
the satellite, (2) TEG_therm PCB for voltage and temperature meas-
urement, (3) peak extension frame on the side panel to accommodate 
TEG volume and (4) Solar cells mounted on an aluminium panel con-
nected to outer copper shielding of TEG

Fig. 17   3V3 bus current of SOMP2b with elevated level caused by 
activation of TEGonSOMP
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While TEG2 is running in nominal mode, the connection 
between TEG1 and the associated resistor network seems to 
be disrupted. Therefore, TEG1 is only measuring tempera-
tures and open circuit voltage.

Figure 19 shows the recorded characterisation curves of 
TEG2. The generated power over temperature gradient is 
comparable to the datasheet and pre-flight ground tests [19, 
20]. It depicts approximately half of the theoretical ideal 
maximum efficiency.

The second measurement mode is the so-called ‘Degrada-
tion mode’. It uses a fixed load resistance and a longer meas-
urement interval to allow long-term comparison of TEG per-
formance in space. TEG2 has been operated successfully in 
this mode as well. Detailed reporting and discussion of the 
results are planned after the end of the mission of SOMP2b.

4.3 � CIREX2

CiREX2 is based on the formerly developed CiREX [12] 
and consists of two sample carriers holding ten samples 
each and the main electrical PCB. Sensor board 1 includes 
four multi-walled carbon nanotube composite, four multi-
walled carbon nanotubes and two graphene samples. Sensor 
board 2 includes four single-walled carbon nanotubes, four 

multi-walled carbon nanotubes and two graphene samples. 
In addition to the material probes themselves, each sensor 
board also includes photodiodes and temperature sensors for 
reference measurements. Eight of the twenty material sam-
ples are shielded against low-energy irradiation and direct 
solar radiation through an aluminium cover plate of ~ 1 mm 
thickness (Fig. 20).

The ‘Science’ mode of CiREX2 only requires two param-
eters to be set by the P/L interface controller: Measurement 
interval and number of measurements to be taken. The com-
missioning plan was to start with short measurements to 
verify the measurement H/W, and then extend the measure-
ments. Due to the low power consumption of ~ 140 mW in 
active mode, CiREX2 should later run almost continuously, 
limited only by the data rate of the downlink.

Although noted as active in the status beacons and vis-
ible in the increased energy consumption of the satellite, no 
data was available in the memory of the payload interface 

Fig. 18   Temperatures measured by TEGonSOMP in June 2021. Pic-
tured above are TEG1 inner and outer temperatures over 27 orbits 
(~ 43 h). Middle figure pictures the change of temperature gradient of 
TEG2 inner and outer side over one orbit. Bottom figure pictures the 
resulting voltage drop on TEG2 when switching load resistors

Fig. 19   Power generated by TEG2 on SOMP2b depicted over the 
temperature gradient from outer to inner thermal element. The differ-
ent curves result from different load resistors connected to the TEG

Fig. 20   CiREX2 sensor board overview. Upper left: samples inte-
grated and bonded with gold contacts onto Sensor board 1. Lower 
left: Back side of sensor board 1 with overvoltage protection and con-
nector. Right: Sensor boards and aluminium cover plates integrated 
into the FIPEXnano structure without FIPEXnano sensors installed
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after the measurements were completed according to the 
script. Several attempts to solve the problem failed. Also, 
the problem could not be reproduced with the CiREX2 and 
SOMP2b ground models.

5 � Conclusion

From launch in January 2021 till today SOMP2b has been 
operated successfully for 20 months. During the commis-
sioning phase, several difficulties regarding ADCS, com-
munication, and onboard data handling were encountered 
and partially resolved. Commissioning of the payloads was 
partly successful, with TEGonSOMP in full scientific mode 
since March 2021, and FIPEXnano running but with difficul-
ties in parameter fine-tuning. CiREX2 could not be operated 
successfully. While still ongoing, the mission of SOMP2b 
is already a partial success, generating important scientific 
data and lessons learnt for future satellite and payload devel-
opment at TUD. The approach of combining in-house built 
and commercial subsystems was very successful. One of the 
most important lessons learned regarding H/W development 
was to perform longer and more thorough test campaigns 
after complete assembly and integration of the satellite. 
Regarding S/W, a modular approach would make firmware 
updates easier, therefore enabling the team to react more 
quickly to unforeseen events.
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