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ABSTRACT

The infamous Kessler effect is a now a well-known threat
to the space sector. Active Debris Removal can reduce
this risk occurring, but challenges in debris with large
tumbling rate capture make this topic complex and
represent a strong holding factor to this activity. As such,
detumbling is a key enabler and is already on the way to
become mandatory from European agencies.

Airbus, with the support of French (CNES) and European
(ESA) agencies, proposes to address this issue by making
future SpaceCrafts compatible of ADR (Active Debris
Removal) without tumbling with a new innovative
product, the DETUMBLER.

This paper will first present this new technology, its
principle and its development process, including
simulation models developed, trade-offs and test results
from Breadboards, with a focus on bearing technology.
We will then present the lessons learnt and design
updates that had to be implemented after the two
breadboard campaigns, especially following failure
during vibrations tests, and reflect on the advantages &
drawbacks of the chosen development approach.

1 THE PROBLEM OF DEBRIS REMOVAL

1.1 Kessler effect and active debris removal

The Kessler effect is a well-known threat to the space
sector and has been especially exacerbated in recent years
with the rise of constellations. Active Debris Removal
(ADR) has the potential of curbing the runaway collision
risk, as was presented in [1] and recalled in Figure 1
below.
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Figure 1. The benefits of ADR on collision risk in LEO

However, the challenges of capturing debris with
potentially large tumbling rates have been holding back
initiatives and impeding the prospects of a viable
business model for ADR. As such, detumbling is a key
enabler for affordable and timely ADR:

- Chaser vehicle can be smaller

- Proximity operations are safer

- Grabbing system can be simpler

- Post-capture transient is much smoother

As a consequence of this, a detumbling function is on the
way to be made mandatory on future SpaceCrafts (S/C)
by most major space agencies in LEO.

1.2 Solutions comparison for detumbling

By nature, a detumbling device must perform its function
on a post-mortem satellite, whether due to nominal end-
of-life or unexpected failure. Therefore, the device must
be, by nature, passive.
Multiple solutions for passive detumbling have been
trade-offed, such as:

- Hysterisis rods

- Short-circuited magnetotorques

- Magnetic detumbler (object of this paper)

- Solar-radiation-pressure

- Aerodynamics-base solution (flap/fins)

- Gravity-gradient (damped pendulum)
Airbus’ analyses showed the significant advantage that a
magnetic DETUMBLER can bring in terms of mass (as
presented in Fig. 2 below), volume and ease of for the
SpaceCraft.
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Figure 2. The magnetic DETUMBLER (DET) is often
the most mass-efficient solution
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1.3 The DETUMBLER answer

The DETUMBLER is an innovative, patented (see [2],
[3] & [4]), solution developed by Airbus.

The working principle of the DETUMBLER is such that,
when the spacecraft is tumbling, the differential angular
rates between the device’s housing (attached to the S/C)
and the magnetised rotor (locked on the Earth’s magnetic
field, and free to rotate with respect to the S/C) are
slowed down by eddy currents caused by the rotor
magnets travelling close to an electrically conductive
housing, which translates into the S/C reducing its
tumbling rate.

As such, it is a fully passive mechanism, well suited for
S/C post-mortem operations.

Figure 3. DETUMBLER principle illustrated

2 THE DETUMBLER CONCEPT
2.1  Magnetic principles

The working principle of the DETUMBLER is simple
and well known of mechanisms engineers and motorists,
but yet innovative in its application. It is based on an
effect that we typically want to minimize in the design of
electromagnetical devices: eddy currents. In our case, for
the DETUMBLER, we actually want to maximise these
eddy currents.

The principle is as follow: a rotor, free to move in rotation
along one axis wrt the S/C, is equipped with a magnetic
dipole, constituted of one or more magnets, to adjust both
the attraction effort and the damping of the device.
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Figure 4. DETUMBLER rotor magnetic configuration

The magnetic dipole creates a torque proportional to the
sine of the relative angle between the Earth magnetic
field and the magnetic dipole:
Cpgr = KmagSin (9
Where:
- Kmag is a constant related to the detumbler
sizing
- 0 is the angle between the Earth magnetic field
and the rotor magnetic dipole orientation.

As the Earth magnetic field rotates wrt the S/C structure,
the DETUMBLER rotates at the S/C tumbling rate. This
in turns create a voltage in surrounding -electrical
conductors, as per Lenz-Faraday law:

do

Cdt
Where @ is the local magnetic field.

The DETUMBLER is constructed in a way that the rotor
is rotating inside a housing made of an electrically
conductive material (typically Aluminium), with a
calibrated airgap between the magnet(s) and the housing
to maximise the local magnetic field in the conductive
housing, and thus the voltage.

Finally, since the housing is electrically conductive, with
a good electrical conductivity (therefore low electrical
resistance), this induces inside the DETUMBLER
housing the creation of currents, known as eddy current.
These eddy currents interact with the local magnetic field
created by the DETUMBLER rotor to create an opposing
torque, via Laplace’s law:
dF =I1d[*B

Where F is the opposing torque, I the current flowing in
the housing, [ the orientation vector of the current and B
the magnetic field vector.

In the end, this opposing torque acts on the S/C, which
results in a torque opposing the S/C tumbling rate.

2.2 Magnetic sizing of the DETUMBLER

The magnets can be placed on the DETUMBLER rotor
either in a radial or normal configuration, however the
radial configuration was preferred as:

- It maximises the radius at which eddy currents
are created (and therefore the drag torque)

- It gives the capability to use a unique set of
magnets for ‘compass’ & drag functions in the
detumbler, thus easing manufacturing

- It allows to master the airgap more easily
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Figure 5. Comparison of both DETUMBLER possible
magnets arrangements



The DETUMBLER was sized using an internally
developed 2D model of the magnetic configuration,
which allowed to derive a set of corrective abacuses to
allow for quick sizing in a simplified Excel sheet.

To validate the detumbling function, a Matlab/Simulink
simulator was developed, and allowed to run a large set
of analyses, on a large panel of parameters:

- S/C altitude & inclination

- Mass & inertia of S/C

- Magnetic moment of the DETUMBLER

- Viscous friction coefficient of the device

- Local perturbation of the local magnetic field

close to the DETUMBLER
- Residual magnetic moment of the S/C
- Dry friction of the DETUMBLER

The typical detumbling time could thus be confirmed as

shown in Fig. 6 below.
detumbling time from 10 deg/s
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Figure 6. Detumbling time for DETUMBLER-M for an
initial rate of 10°/s

For mechanisms aspects, the dry friction is the most
challenging parameter, combined with the environments
during launch and the associated magnets mass to create
the adequate viscous friction coefficient. The maximum
torque created by the DETUMBLER is:
T=MXB

Where M is the DETUMBLER magnetic torque and B
the local Earth magnetic field (typically ~45uT for usual
LEO orbits).

This means that for a magnetic moment of the
DETUMBLER of 1A.m?, the ‘compass’ torque is around
45uNm. The friction should only represent a part of this
torque if we want the DETUMBLER to move and
perform efficiently its mission. Typically, the dry friction
should be in the order of <40% of the ‘compass’ torque
(see Figure 7), therefore typical values are around
20uNm allowed peak friction torque end-of-life (which
in practice requires aiming for around half this value or
below). Note that formally, the ECSS would require
aiming for a motorisation margin of three, and hence a
value below 15uNm end of life.
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Figure 7. Effect of the DETUMBLER dry friction on
the detumbling convergence time

3 DETUMBLER MECHANISM DESIGN

3.1  Overall design presentation

The DETUMBLER consists of a single axis mechanism
(one or more DETUMBLER can then be placed inside
the S/C, depending on the S/C configuration & needs).
On the rotor, magnets are bonded (their number can be
adjusted as needed, the easiest being to place two of
them). It is enclosed inside an Aluminium housing that
helps create the eddy current losses, and which is
calibrated to have a well-defined airgap, in the same
order of magnitude of high-end brushless motors.
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Figure 8. DETUMBLER overview

One of the key aspects for the DETUMBLER is the need
of quasi-absence of ferromagnetic materials. Even ‘low
magnetic’ materials, such as austenitic stainless steel, and
in low quantity (such as the use of steel washers under
the screws), was found to have a detrimental effect to the



DETUMBLER  performances. As  such, the
DETUMBLER is composed almost exclusively, expect
for its pivotery, of non-ferromagnetic material, including
for bracketry & fixing. It must also be placed at a
reasonable distance (a few cm typically) from any
ferromagnetic material inside the S/C or source of
remanent magnetic field (when S/C has been passivated,
the magnetic field when S/C is ON not being an issue as
the DETUMBLER is not expected to be active).

3.2  Key mechanism specifications

The key mechanisms specifications were a result of the
analyses performed and mentioned in §2.2, in order to
find the best compromise between detumbling function,
anti-tumbling function and parasitic torque / magnetic
field during the operational life of the satellite. This
resulted in the set of specifications for the
DETUMBLER-M, the first version of the DETUMBLER
for LEO satellites, presented in Table 1 below.

Specification Value

Mass <120g

Magnetic dipole moment 1.1 Am?

Maximum S/C disturbance | 50 puNm (for Begren
torque <45uT)

Service life Up to 25 years
Power OW (100% passive)
Orbit altitude <2000 km

Orbit inclination Any

Host inertia range [50-5000] Kg.m?
Detumbling time from 3°/s at | [5-500] days
800km

Host max tumbling rate 10 °/s
Host rate after detumbling <0.25 °/s
Units needed per Host 1

Radiation dose
Temperature range
Sine environment
Random environment

Up to 10Mrad
[-90;+801°C

25g [0-120]Hz
20.56g RMS OOP

13g RMS IP
Shock environment 2000g @ 2000 Hz
Natural frequency >400 Hz

Table 1. DETUMBLER-M product datasheet

The DETUMBLER-M is optimised for a range of
satellite inertia of [50-5000] Kg.m? placed at an altitude
< 2000km. Different configurations of the
DETUMBLER for other missions are however possible
and under study, especially the DETUMBLER-L, under
an ESA contract, expected to be used for MEO & GEO
orbits, or LEO SpaceCraft with larger inertias.

3.3 The challenge of a very low friction pivot
function

As briefly explained in §2.2, the main challenge on the
DETUMBLER is the low friction level required for it to
function efficiently, aiming for dry friction values in the
range 5-10puNm.

While reaching such low friction value is not necessarily
an issue (many micromechanics & clockworks can reach
level as low as this, or even lower), for a space equipment
the challenge lies in reaching this low friction value,
while holding a rotor mass of typically 20g during
launch, as well as to ensure that the DETUMBLER works
for a large range of operational temperature (covering at
least the expected end-of-life, and above, worst-case of a
satellite). This leads to a challenging design of the
pivotery.

It is important to mention that preloading the device in
orbit is out of the question, indeed, typical order of
magnitude to reach 10pNm, would require a preload:
- <0.05N for a plain bearing with p=0.2 & a
diameter of 2mm, which is insignificant with
respect to a typical launch load of 12N (20g x
60g acceleration)
- <I.5N for a typical bearing of pitch diameter
4mm (using Palgren’s model), which again is
low wrt load during launch.

Preload being out of the question in orbit, the question
remains open for launch. However, for simplicity,
reliability & cost-effectiveness of the product, it was
decided to avoid a change in configuration of the
DETUMBLER between launch & operational and to
have a fully passive device. Thus, the DETUMBLER
remains un-preloaded during launch.

Finally, while, in theory, wet lubrication could help with
the ‘dragging’ effect wanted in the device, it is well-
known that at very low torque levels, adhesion effect can
exist, as well as degradation over time or contamination.
Also, performances at low temperatures (-90°C) would
be impossible as usual space oils have a pour point above.
It was thus decided to avoid wet lubrication in the
pivotery design of the DETUMBLER.
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Table 2. DETUMBLER candidate technologies for
pivot function




With these assumptions in mind, three candidate
solutions (see Table 2) were proposed, trade-offed and
even manufactured at some point:

- 1 :a‘clockwork’ pivot, well known in the

watch industry

- 2:aclassical pair of deep-grooved bearings

- 3:a ‘novel’ magnetic suspension.
The magnetic suspension is worth detailing a bit. This is
a concept that was patented with the initial patent for the
DETUMBLER (see [3]), and was actually tested on a
dedicated breadboard and showed good results. The
principle relies on the magnetic repulsion between two
magnetic poles, that allow to create a sort of equilibrium
of the rotor.
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Figure 9. Detailed view of the magnetic suspension

One will note that the rotor ‘suspension’ created lies on
the principle of using an instable equilibrium. As the
equilibrium in instable, the rotor wants to ‘flip-over’ by
180° at all time. Therefore, this concept of pivotery
works on the principle that there will always exist a radial
preload at two points (to compensate for the moment
created by the repulsing magnets), which can be
minimised by mastering and minimising the radial play,
and its impact on performances can be minimised by
mastering the friction coefficient. To that end, a DLC-
coating was used in the first breadboarding. This solution
also has the advantage to offload the rotor even under
gravity (if sized accordingly) which makes functional
tests more representative of the flight configuration.

In the end, the three technologies, which were all
manufactured & tested, had their own advantages &
inconvenient, as presented in Table 3 below, but for its
simplicity, cost effectiveness and interesting
performances, the Ball Bearing technology (‘BB’ in the
table) was selected over magnetic suspension (‘Mag’ in
the table), but we see the balance was tight between the
two (clockwork pivot was already discarded before the
trade-off was performed)

Criteria Ranking
BB | Mag

Performance 9 12
Procurement 4 6
Recurring cost 16 |9
MAIT 8 6
Growth capability | 2 4
Ranking 39 36

Table 3. Trade-off between magnetic suspension & ball
bearing for the DETUMBLER

4 DEVELOPMENT LOGIC: A GRADUAL
TECHNOLOGY MATURATION

The DETUMBLER followed a gradual maturation
process, considering the technology was innovative, and
that it did not answer an immediate existing, but rather
upcoming, need at the time.

The development started in 2016 with a first patent for a
ball compass damper, which used a damping fluid.

The development matured on in 2022 with a new patent
for what was now the DETUMBLER, using eddy current
effect for damping and a magnetic suspension principle.
A prototype was manufactured and showed the
credibility of the concept and allowed to reach TRL4.

Finally, in 2022-2024, a maturation study was conducted
with the support of CNES (T4SC: Technologies for
Space Care), addressing key trade-offs (definition of
operating point, definition of simulation models of both
DETUMBLER performances and S/C performances,
magnet bonding derisking and pivotery choice and
validation) and allowed to manufacture breadboards as
well as a TRL5 engineering model based on ball bearing
and an additional engineering model to reach TRL6 at the
end of September 2024. A qualification campaign of the
product then started in march 2025 and is expected to be
completed in Q3 2025.

The development of the DETUMBLER thus started in a
relatively slow pace up until TRLS, strongly
demonstrator & model-based. This allowed to address all
key questions regarding the sizing, the operational
performances of the DETUMBLER and trade-offs, and
to that end was efficient.

After TRLS was reached, and in the context of growing
constellations and growing regulations from European
agencies for Space sustainability, the development
rhythm accelerated to quickly reach TRL7 (qualification)
on the product and start series production by end 2025.
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Figure 10. DETUMBLER gradual maturation logic

While the qualification is still on-going to date, we can
already reflect on some of the benefits & drawbacks of
this approach. Among the benefits we can mention that
the gradual maturation, based on prototyping, allowed to
address some key questions & trade-offs early enough, as
well as to validate the simulation models, especially
regarding damping performances. It also, and mostly,
allowed to convince potential users of the credibility of
this concept, and probably triggered the ‘fast-paced’ run
to qualification and series production, which otherwise
would probably have taken a slower pace.

However, on the drawbacks side, we can mention that
since the approach was based on prototyping, it also
meant that we relied more heavily on empirical results for
validation. While this was beneficial for most aspects, for
some, especially related to series manufacturing &
assembly and associated dispersions, it meant that some
issues were encountered later on (post TRLS5) and had to
be tackled in the phase where we wanted to quickly ramp-
up on the DETUMBLER production. Especially, topics
of assembly process, manufacturing tolerances or even
testing methodology had to be robustified (such as
bearing tolerances and mounting conditions). Another
drawback of this approach is that when needing to
improve some aspects of the design to solve a minor
issue, we always take the risk to challenge or redefine
other aspects of the design that had already been
validated empirically, for example regarding vibration
testing.

5 LESSONS LEARNT FROM BREADBOARD
MANUFACTURING & TESTING

5.1 Functional & performance tests

The testing philosophy of the DETUMBLER has always
been a debate, considering the very low friction we are
aiming for.

The first tests, used on the prototype to demonstrate the
proof of concept, relied on suspending the
DETUMBLER inside a ‘Spacecraft’ mock-up on a cord,
to show (in the presence of the Earth magnetic field) the
damping effect of the DETUMBLER when compared to
the same mock-up on the same setup without
DETUMBLER.

Then, on the same model, we started measuring some key
performances, namely the damping of the DETUMBLER
and the friction of the pivotery. For that, two tests were
imagined, considering we have the advantage to
effectively have a compass, and therefore rely on a
similar methodology:

- A first test, to measure the damping, consists in
aligning the detumbler with the magnetic north
and let it stabilise. Once done, we rotate it by
90° and measure the time to return to the
magnetic North.

- The second test is exactly identical, however,
instead of measuring the time, we measure the
angular error of the detumbler when it has
stopped and reached the North, compared to the
actual magnetic North

The tests are repeated multiple time in CW & CCW.
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Figure 11. DETUMBLER friction measurement
methodology

Indeed, as the eddy current provides a pure viscous
damping, and the Earth magnetic field combined with the
DETUMBLER magnets provide a torque proportional to
the sine of the angle between the two magnetic fields, the
measurement of the error angle actually provides a direct
estimation of the friction in the DETUMBLER.

Typical results obtained are provided in Figure 12 below.

Figure 12. Performance test results for DETUMBLER
breadboard friction measurement



This method proved very effective and efficient, although
sometimes conservative. However, it was time
consuming and not adapted for acceptance in series
production. Therefore, once the principle of the
measurement was validated by several runs, we decided
to automate the test, using a simple test bench relying on
a driving motor (far from the device to avoid magnetic
influence) and a magnetometer, to measure the final
position angle.
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Figure 13. DETUMBLER Automated test bench for

series production

One of the challenges and important lessons learnt is that
the test relies on the Earth Magnetic field. However, the
local magnetic field, especially inside a thermal chamber
for tests in temperature, or even depending on the
building itself, can vary considerably. This led to some
difficulties in some test campaigns to have a reproducible
measurement of the DETUMBLER friction torque and
required several incremental improvements of the test
methodology.

5.2  Vibrations & issues encountered with pivots

Among the important derisking tests performed on the
DETUMBLER were the vibrations. Many tests were
performed with different pivotery configurations to
perform the final choice on the design. However, one of
the interesting tests to exploit is the vibration derisking
tests performed on a breadboard of the DETUMBLER-
M equipped with bearings, our chosen design
configuration.

Two breadboards were manufactured and then tested for
performance (bearing friction) at different steps

The results were very satisfactory up until vibration
testing, as shown in Table 4 below.

Test sequence | Starting torque
BB1 BB2
Initial Ref Ref
-145°C +14% | +43%
+115°C +7% | +21%
Post thermal +14% | +14%
Post vibs +486% | Failed

Table 4. Starting torque measurement on
DETUMBLER breadboards 1 & 2

To investigate the failure, the DETUMBLER was
dismounted to investigate on the failure. Significant
amounts of particles as well as black marks were
immediately noted on the bearing seats. Moreover, the
operator clearly noted a higher than usual difficulty to
dismount and open the DETUMBLER unit (where
almost no force would be required in nominal).

The bearing themselves did not show a significant
degradation of performance when tested individually, but
this is not fully representative of their state as they only
operate in nominal conditions when mounted.
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Figure 14. DETUMBL
investigation post vibration tests failure

The failure led to the need to investigate in more details
the behaviour of the DETUMBLER in random
vibrations, which had not been investigated until then, in
a ‘quick test’ (aka ‘fast fail’) approach. Also, the size and
design of the unit made it impossible to have
accelerometers on the rotor during test, and thus to
anticipate any abnormal behaviour during the actual test.
The analysis performed highlighted the presence of an
axial mode in the rotor design at 1400Hz, which led to a
significant increase of the bearing axial effort in random,
way above their admissible value. The rotor could be
redesigned, as shown in Figure 15 below, to increase its
eigen frequency above 3kHz and led to a decrease of
predicted axial effort seen in random at 1c from 30N
down to 2.6N.

Figure 15. DETUMBLER rotor design improvement

Other design improvements were considered and tested
in parallel of this improvement (such as increase bearing
diameter, or change of bearing seats definition).
However, this single change of the rotor design proved to
be sufficient.

Following this anomaly, and in a product-oriented
approach, we performed an additional vibration test
campaign post design improvement to go further and
check the robustness of the DETUMBLER design to
higher random loads. The success criteria was the bearing
starting torque and a micro-accelerometer could be
placed on the rotor shaft (with a specific design on the



latter). Test results showed that the DETUMBLER
design was robust up to +3dB compared to the initial
random specification. Table 5 below shows the results
obtained. One can note even for level at +4 or +5dB,
where the starting torque was above our criteria, no
complete failure (or blockage) of the DETUMBLER was
noted, which was very re-assuring compared to initial
results.

Test sequence Starting torque
Initial Ref

Post random notched +13%

Post random full +38%

Post random +2dB +6%

Post random +3dB +21%

Post random +4dB +68%

Post random +5dB +113%

Table 5. Starting torque measurement post repair, on
robustness test (value in red are above admissible).

5.3  Life-testing

As any mechanism, the DETUMBLER must endure a
complete lifetest, after having been exposed to
mechanical environments. The particularity of the
DETUMBLER’s mission is that it must sustain both a
lifetime during the Spacecraft operational life, and a
lifetime after the SpaceCraft has been passivated.

This makes for two very different lifetime profiles.
Indeed, during the life of the SpaceCraft, most S/C in
LEO use magneto-torquers for AOCS. These create a
local magnetic field much higher than the Earth’s
magnetic field. As such, the DETUMBLER will
alternatively be attracted by the magneto-torquers (when
ON) and the Earth magnetic field, creating an oscillating
pattern. During this phase, the DETUMBLER is however
in a reasonably contained temperature range, especially
if placed inside the S/C.

When the S/C is OFF, the lifetime profile of the
DETUMBLER is much simpler, performing only
continuous rotations, however, in this phase the S/C
being passivated, there is no active thermal control,
leading to an operational temperature range much higher
than when the S/C is operational.

The overall DETUMBLER life is around 25 years
(Satellite ON & OFF), therefore, as with any lifetest, it
needs to be accelerated. As there is no fluid lubrication,
acceleration profile is mostly governed by feasibility and
stress on parts, especially during reversals. To perform
the lifetest, the DETUMBLER stator is placed on an
actuator, which creates the two accelerated lifetest
profile. Since the stator is moving during this test, we
need to block the rotor in position. For that, we simple
use two strong magnets, which block the rotor. A set of
sensors can detect if the rotor loses alignment with the
locking magnets. The complete test bench is then placed

inside a thermal chamber for the lifetest duration to
model the different temperature seen by the
DETUMBLER during its life in orbit.
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Figure 16. DETUMBLER lifetest bench

6 CONCLUSION & WAY FORWARD

In conclusion, we want to highlight that today, the
DETUMBLER is a unique product to answer the needs
& requirements of sustainability for future SpaceCrafts,
especially constellations.

Its development, relying on an extensive prototype
approach was key to address most of the trade-offs and
performances of the DETUMBLER, and was preferred
over extensive analysis approach to reach a better time to
market. This approach was possible due to the relatively
low cost of manufacturing of the DETUMBLER
breadboards & EM compared to wusual Space
Mechanisms. However, it led to some more iterations to
stabilise the MAIT processes in prevision for series
production.

The DETUMBLER will finalise its qualification this year
and will be ready to be sold on the market at the same
time.
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