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Figure 1. NANOBOOM mast deployed with its harnesses routed inside 

ABSTRACT 

This paper presents the design and test results of the 
Research and Technology (R&T) breadboard model 
(BBM) of a self-deployable mast called the Nanoboom, 
developed by COMAT in cooperation with CNES. This 
mast is designed for the nano-satellite market, in 
particular for missions requiring to move measuring 
instruments away from the satellite. It is characterized by 
its compactness with a ~1:10 ratio between the stowed 
and deployed position, and simplicity of design allowing 
great modularity for: material, length, diameter and 
deployment force choices. This makes it a very versatile 
product as it can be easily adjusted depending on the 
needs of the mission. The architecture allows to route the 
harnesses of the payload through the mast and to deploy 
them without external device.   
 
1 DESIGN DESCRIPTION 

1.1 Breadboard model general design  

The Nanoboom mast consists of a successive stack of 
identical sections called unitary segments. The strength 
of the mast's design lies in the fact that a unitary segment 
requires only two specific parts to build: rings separated 
by articulated arms. This low amount of part references 
makes it particularly interesting from an industrial 
standpoint as the same parts are re-used multiple times, 
which reduces their unitary cost and helps absorbing the 
non-recuring costs. Others elements, being standard for 
the most of them, are simple to procure. It is easy to 
choose the deployed length of the mast which is directly 
proportional to the number of unitary segments. The 
stowed heigh of the mast is equal to the amount of rings 
in the chosen configuration, which make the heigh 
relation: (number of unitary segments + 1) * height of a 
ring. With the current design, a unitary segment has a 
96 mm diameter for a 43 mm heigh. The following figure 

presents its kinematics diagram: 
 

 
Figure 2 - Mast's unitary segment kinematic diagram 

Each section has a locking system (singular point with 
mechanical stop) which make the deployment 
irreversible. The BBM mast is built out of a total of 45 
sections, giving a total height of 1935 mm when 
deployed, and 184 mm when stacked which is a little 
greater than a 1:10 ratio.  
 
1.2 Unitary segment deployment force 

The sections are self-deployable thanks to a system of 
preloaded springs which allows the mast to deploy with 
a rather constant force. Once the hold down and release 
mechanism (HDRM) is activated to free the stowed mast, 
the force of deployment of a unitary segment noted 𝐹𝑚 
can be defined as a function of the following parameters: 
 

𝐹𝑚 = 𝑓(𝐶1, 𝐶2, 𝐶𝑟, 𝛼, 𝐿)  (1) 
 
𝐶1 and 𝐶2 are respectively the drive torque at the link 
between two arms and at the link between an arm and a 
ring (N.mm). 
𝐶𝑟 is the resistive torque in each link due to frictions with 
the shaft (N.mm). 
𝛼 is the angle between arms (°). 
𝐿 is the length of an arm (mm). 



 

The force 𝐹𝑚 aimed was a minimum of 5 N (𝐹𝑚min). The 
predicted deployment force is plotted on the following 
figure with and without 𝐶𝑟   (the resistive torque in each 
kinematic link): 
 

 
Figure 3 - Unitary segment deployment force 

The curve with a non-null resistive torque was calculated 
with a friction factor of µ = 0.15. This friction factor is 
assumed to be a worst case scenario considering the 
nature of the shafts link and is further explored through 
testing in the paper. The plot shows an almost constant 
force for the most part of the deployment and a peak force 
near the locking point of the unitary segment (end of 
stroke). 
 
1.3 End-of-deployment shock 

All the moving mass that is accelerated by this effort 
during deployment represent kinematic energy that has to 
be dissipated. This energy dissipation relies on the mast 
deformation at the end of deployment. The end-of-
deployment peak force and deformation mainly depends 
on the material physical properties. That shock force 
noted 𝐹𝑝𝑒𝑎𝑘 can be written as a function of: 
 

𝐹𝑝𝑒𝑎𝑘 = 𝑓(𝐹𝑚, 𝑘𝑎, 𝑑)  (2) 
 
𝐹𝑚 is the deployment force of a unitary segment (N) 
𝑘𝑎 is the axial stiffness of the mast (N/m). 
𝑑 is the total stroke of the mast (m). 
 

 
Figure 4 - End-of-deployment shock as function of mast's 

parts material 

The end-of-deployment shock depending on the material, 
for BBM geometry is presented on Figure 4. It can be 
quite high for metallic parts. To minimize this peak force, 
PEEK was selected for the parts of the BBM mast. This 
material also have the benefits of being lightweight, 
already widely used in many space application and non-
magnetic (which is an important criterion for instruments 
like magnetometers).  
 
1.4 Mast modal analysis 

The typical payload which would be mounted at the end 
of the deployed mast was assumed to weight around 
350g. A finite element model using NASTRAN was 
made to estimate the first mode of the deployed mast with 
this mass fixed at the end of it, and with the other 
extremity being rigidly clamped at 6 fixations points 
(screws). 
 

  

Figure 5 - FEM model of the mast’s breadboard model 

This modal analysis allowed us to estimate the first mode 
of the mast to be at around 0,25 Hz. The sensitivity of 
link stiffness due to potential variation in the springs was 
studied, but as the Figure 5 shows the difference is very 
low between the two extremum. 
 
1.5 In orbit alignment thermomechanical analysis 

The harsh space environment can represent a problem to 
ensure a proper mast alignment through the mission. In 
particular with thermal case where one side of the mast 
could be exposed directly to the sun and the opposite side 
of the mast in the shade. The PEEK material has many 
advantages but also some drawbacks such as a high 
dilation coefficient which can create problems when the 
temperature at which the mast is exposed is not 
homogeneous. Thermomechanical analysis was 
performed with the following parameters: 
- Mast perpendicular to orbit and velocity vector 
(pointing directly towards the earth). 
- Sun-synchronous orbit at an altitude of 650 kilometres. 
- Calculation in deployed configuration only. 
- The thermal reference point at the base of the mast is 
considered to be maintained at +30°C. 
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The following table gives the input used for the space 
environment hot case: 
 

Hot case – Winter Solstice 
Thermo-Optical Properties EOL 
Solar Constant 1416 W/m² 
Earth temperature -25°C 
Albedo coefficient 0.35 

Table 1 - Space environment hot case – winter solstice 

The thermal calculation in the space environment was 
carried out using SYSTEMA software. The following 
view shows the calculation configuration: 
 

 
Figure 6 – Mast pointing toward Earth in orbit case 

Based on the thermal map obtained, analytical 
calculation showed that during orbit, the angle between 
the top and base of the mast could reach up to 6.2° for a 
total radial displacement of 98.8 mm. This suggests that 
with this kind of worst case it is important to carefully 
study the behaviour of the mast under in-orbit thermal 
conditions for a given mission. 
 
1.6 Breadboard model physical properties 

The general physical properties of the BBM mast are 
summarized in the following table: 
 

Characteristic Unit Value 
Parts material / PEEK 
Joints material / Steel 
Mass kg <1.5 
Diameter mm 96 
Length stowed mm 184 
Length deployed mm 1935 
Stiffness deployed (m = 350g) Hz ~0.25 
Worst alignment in orbit conditions  ° 6.2 
Deployment force (measured) N ~5.5 
Deployment time s <1 
End-of-deployment shock N ~300 
Reversible deployment (in orbit) / No 

Table 2 - BBM Mast's physical properties 

2 BREADBOARD MODEL TEST CAMPAIGN 

2.1 Purposes of the test campaign 

The aim of this test campaign was to demonstrate the 
functional aspect of the mast and its kinematics on a 

representative scale, and to carry out numerous 
measurements to compare with the analytical 
calculations used to size the mast. Another key point was 
to demonstrate the manufacturability of the parts, their 
assembly and the routing of the harnesses through the 
mast from a practical standpoint. Lastly, mechanical and 
thermal environment tests were performed to verify the 
system's ability to maintain its performance despite 
demanding thermal and vibratory conditions. 
 
2.2 Single section deployment force measurement 

Measurement of the deployment force were conducted 
both on single unitary segments and a partial mast of six 
segments. Measurements were taken with a   
dynamometer (0 to 100 N capacity). Two test 
configurations were used: for the single section, we used 
a single-column system with a screw-nut system and the 
force was read every millimetre of stroke. For the 
measurement on the six-sections mast, a specific bench 
was used with acquisition software. No matter the 
configuration, the measurement is performed quasi-
statically, meaning that we stop at a given stroke step, 
then measure the motorizing force at this stage, and so 
on. The following figure shows the motorization 
measurements performed on 3 different segments, 
compared with the theoretical calculation curve : 
 

 
Figure 7 - Unitary segment deployment force measurements 

Despite the fact that the stiffness of the springs used in 
each segment is guaranteed by the manufacturer to be 
± 15% of the nominal value, it can be seen that all three 
segments have a motorization very close to the 
theoretical value. The measurements were carried out 3 
times for each of the 3 unitary sections.  The difference 
between the three measurements was less than 2% for 
each unitary section. This shows the high repeatability of 
the motorization obtained and the measurement method. 
Given these results, the raw motorization force available 
for the harnesses deployment is around 5.5N.  
 
Three successive measurements were made with the six-



 

sections version, the curves are shown in the following 
graph: 
 

 
Figure 8 – Six-sections deployment measurement 

These measurements show that the segments with the 
strongest motorization are deployed first. Each peak in 
the curves shown in figure 8 corresponds to the end of a 
segment's deployment. There is also a high degree of 
repeatability between the three tests both in the order of 
section deployment and deployment force measured. 
Section deployment force range from 5.40 N for the 
weakest to 5.70 N for the strongest, in line with the 
unitary measurements. 
 
2.3 Single section deployment force under thermal 

conditions 

The influence of temperature on the deployment 
performance of a unitary segment was an important point 
for us to verify. Indeed, the various materials implied in 
the mast lead to dissimilar coefficients of thermal 
expansion, and despite anticipating thermoelastic 
behaviour at design level, tests felt necessary. To do this, 
several unitary sections were tested in a thermal chamber, 
using the same test principle as for the unitary segments 
described in the previous section. These tests were 
carried out at temperatures of +100°C, 20°C and -70°C. 
 

 
Figure 9 - Section deployment force under thermal conditions 

Figure 9 shows that the measurement taken at 20°C 
inside the thermal chamber is identical to that taken 
outside (reference test), demonstrating that the test set-up 

in thermal chamber reproduces the test conditions of the 
reference. Due to a technical problem with the 
dynamometer assembly, the force measured at the 
beginning of the stroke is not very accurate but quickly 
returns to normal after exceeding the first ~7 millimetres 
of stroke. The system proved resilient to severe thermal 
environments, with the motorization only slightly 
impacted by the extreme test temperatures. 
 
2.4 End-of-deployment shock without harnesses 

As described in section 1.3, the end-of-deployment shock 
can be quite high, depending on the material. Finite 
element analyses were used to determine the maximum 
permissible deployment force, so as not to risk breaking 
the mast in the PEEK version. The difficulty in 
measuring the end-of-deployment shock lay in the fact 
that deploying the mast without any external perturbator 
is not simple. Downwards deployment would have 
endangered its integrity, and upward deployment would 
not have been possible either, as the mast's own weight 
was not negligible compared to the deployment force of 
the individual sections. Another possibility would have 
been to carry out the measurement in microgravity, e.g. 
by deploying the system in free fall. However, the 
complexity of the operation and its implementation were 
not compatible with the project's context and level of 
maturity.  
 
It was therefore decided to set up a test bench with guided 
horizontal deployment of the mast. The bench was 
instrumented with a 6-axis force sensor  at the base of the 
mast (10 kHz refresh rate) to measure the shock at the 
end of the deployment, and a cable system was set up to 
guide the mast. 
 

 
Figure 10 - Stowed mast on end-of-deployment shock test bench 

Ground Support Equipment (GSE) parts are attached to 
some of the mast rings (in white on the Figure 10) to 
allow the mast to be guided by the cables. This device has 
the disadvantage of reducing the end-of-deployment 
shock due to friction between the cables and the holding 
parts. Although the mast is light, the friction force is not 
negligible in front of the deployment force. 
 
Three guiding configurations were tested: suspended on 
two cables, resting on three cables and free-standing on a 



 

glass plate (no cable). All three methods gave similar 
results, with the cable-suspended set-up producing a 
slightly greater shock. This could be explained by the fact 
that this configuration provide a better alignment 
between the mast and the sensor (other configurations 
tends to deploy with a slight inclination).  
 
Each deployment was filmed using high frame-rate 
cameras, enabling us to observe the kinematics of the 
mast deployment both qualitatively and quantitatively. 
 
Three test results in the cable-suspended configuration 
are shown in the following figure (force along the 
deployment axis only, with artificial time offset): 
 

 
Figure 11 - Measured end-of-deployment shocks 

The end-of-deployment shock has a high repeatability as 
the Figure 11 shows. The average shock is in the order of 
230 N, which is lower than the estimated theoretical 
value (around 310 N), but consistent with the friction due 
to the guiding cables which tend to reduce the 
deployment force and then the end-of-deployment shock.  
 
2.5 End-of-deployment shock after random 

vibrations 

The mechanism's launch robustness was assessed by 
applying the random spectrum shown in Figure 12. The 
test configuration consisted in stacking the mast in an 
aluminium housing closed by a flange, with a preloaded 
tie-rod applying pressure to the housing via the flange.  
 
The mast is attached to the vibration plate and the flange, 
but no preload is applied through the flange to the mast 
itself which made it completely free to move radially in 
the small gap between the mast and the housing.  
 
A mass of around 350 g was attached to the end of the 
flange to simulate the sensor that might be embedded. 
This configuration is intended to assess the robustness of 
the mast in its stacked position, subjected to the 
mechanical environments of the rocket launch, and not to 
provide mechanical environment test data (indeed the 
stowage was not yet defined, beside this concept). 

 
Figure 12 - Random vibration spectrum 

Only the random vibration environment perpendicular to 
the mast axis has been tested, as it is the most critical 
case. 
 

 
Figure 13 - Stowed mast on vibration table instrumented 

with several accelerometers 

After undergoing the mechanical tests, the mast was kept 
in its stacked configuration, before undergoing further 
full deployment tests. Marks were observed on the inside 
of the housing (see Figure 14), which were not present 
prior to the tests, indicating that the rings had indeed 
moved inside the housing. 
 

 
Figure 14 – Marks on the housing 

However, there was no visual damage to the mast and no 
signs of disassembly. 
 
The three deployment tests were carried out again after 
the mechanical environments and led to an end-of-
deployment shock close to what we obtained previously. 

    

    

    

   

 

  

   

   

   

   

                          

  
  

   
  

   
  

  
  

 

        

      

      

      



 

The new measurements are slightly lower by ~2% (those 
test were conducted before thermal cycling which is 
developed in the next sub-section). 
 

 
Figure 15 - End-of-deployment shock after random vibrations 

test 

2.6 End-of-deployment shock with harnesses 
before and after thermal cycling 

Harnesses are routed through the mast in a helix shape. 
That makes a resistive effort to be countered during the 
deployment. In the stowed configuration, the harnesses 
are routed and contained into specific grooves in the 
arms, and do not need to be fastened on the mast. They 
are released during deployment simply by the kinematics 
of the arms. The harnesses definition used is : 
 

ECSS reference Quantity 
3901.012.62 AWG28 STZ3 1 
3901.012.52 AWG28 STZ3 3 

Table 3 – Harnesses tested with the mast 

Measuring this quasi-static resistive force with such a 
large mast was not feasible given the project context. To 
simplify operations, we decided to measure the effect of 
these harnesses by measuring the shock at the end of 
deployment, which is directly linked to the deployment 
force of the mast, which is in turn affected by the resistive 
force of the harnesses. Harnesses were clamped at the 
bottom and top of mast (free in between, only contained 
by neighbouring parts). 
 

 
Figure 16 – Measured end-of-deployment shock with 

harnesses 

The axial force measured by the sensor at the interface is 
lower than without the harnesses, but the difference is not 
significant with a shock of around 200 N (-13%).    
 
Thermal cycling of the mast in its stacked configuration, 
with harnesses routed inside, can greatly alter their 
mechanical properties due to cable relaxation. To verify 
this, the mast was subjected to a complete thermal cycle 
ranging from +100°C to -70°C for one week. Figure 17 
gives the details of the temperature steps applied to the 
mast. 
 

 
Figure 17 – Thermal cycling setpoint 

The main goal of this thermal cycling was to assess the 
influence of prolonged storage on the mast, and more 
specifically the effect this might have on the springs and 
resistive effort of harnesses in stacked configuration. 
The end-of-deployment shock observed after thermal 
cycling was as follows: 
 

 
Figure 18 - End-of-deployment shock with harnesses after 

thermal cycling 

The end-of-deployment shock was divided by two after 
thermal cycling with only 100 N peak force (which 
underline a serious reduction in effective deployment 
force due to harnesses resistive force). It was also 
observed that the harnesses had rigidified on the imposed 
helical shape following thermal cycling. During the first 
test, the harnesses did not kept their helical shape at the 
end of the deployment and had the tendency to move to 
the end of the mast. After cycling, the harnesses really 
took on the shape of a rigid spring after deployment.  



 

The mast was then left deployed with its harnesses for 24 
hours, then the same test was repeated to see if any 
difference was observed. 
 

 
Figure 19 - End-of-deployment shock with harnesses after 24h 

on deployed position 

The measured shock is slightly higher, with a value of 
130 N, indicating that the harnesses, which had been 
under tension for 24 hours, had seen their internal stress 
loosen, resulting in a change in their stiffness. 
 
A further test was carried out without the harnesses to 
check whether the springs had been affected by thermal 
cycling and whether the deployment force had changed 
independently of the harnesses effect. 
 

 
Figure 20 - End-of-deployment shock without harnesses after 

thermal cycling 

The shock at the end-of-deployment is of the same order 
of magnitude as before thermal cycling, without the 
harnesses (~10% lower). This shows that the difference 
in harnesses behaviours observed in the mast deployment 
images after thermal cycling is mainly correlated with 
harnesses that have become more resistive, as they have 
been pre-formed into spring-like shape by the thermal 
environment imposed on it in the stacked position during 
thermal cycling. 
 
These tests show that thermal cycling or prolonged 
storage can have a significant effect on the deployment 
force of the mast due to harnesses behaviour, and 
therefore on its ability to deploy. Indeed, if the resistive 
force of the harnesses is too high, the mast may deploy 

only partially, or not at all. Qualifying the mast's 
behaviour according to the type of harnesses to be fitted 
for the mission, and adapting its deployment force in 
consequence, is therefore a critical point in guaranteeing 
mast’s proper operation. 
 
2.7 Mast’s deployment speed 

Thanks to the high frame rate of the videos taken during 
the tests (541 frames per second), it was possible to 
calculate the average deployment speed of the mast using 
image processing software (1 point every 10 frames). 
 

 
Figure 21 - Mast's deployment speed 

The average deployment speed is around 3 m/s, enabling 
the mast to travel approximately 1.8 m in 0.7 seconds, 
with a mass of 150g clamped at its end. The mast 
deployment force being rather constant the deployment 
speed should increase due to acceleration, however the 
speed tends to quickly stabilize and remain almost 
constant for the whole deployment. It correlates with 
COMAT’s past experience with BOOM antenna such as 
KINEIS’s. 
 
3 LESSONS LEARNT 

3.1 Manufacturing 

PEEK is a difficult material to machine accurately due to 
its flexibility and insulating properties, which tend to 
cause it to heat up considerably during machining.  
 
The first iteration of the mast, a small model with 4 
unitary sections, turned out to be functionally much less 
efficient than expected, due to geometric tolerances that 
were not good enough. Thanks to co-engineering with the 
manufacturing workshop, the second iteration of the 
mast, after optimization of the manufacturing process and 
the design of special tooling for manufacturing, was 
much more satisfactory, delivering the performances 
presented earlier in this document. 
 
Figure 22 shows the evolution in the gaussian distribution 
of the position values measured on the self-locking 
system of arms, between the first iteration and the second 



 

one. This partial manufacturing really helped in 
identifying the critical machining parameters and 
improving the process. It provided a fast feedback that 
allowed reaching suitable  performances. 
 

 
Figure 22 - Position of arm locking system improvement 

comparison 

The BBM's PEEK parts have been machined (since only 
one unit was built and the design was not frozen), but it 
would be more advantageous to mould the PEEK 
elements for series production, the cost of the injection 
moulds being spread among the large amount of parts 
manufactured. This would further reduce the cost of the 
parts and increase dimensional repeatability. 
 
3.2 Assembly and harnesses routing 

The mast consists of around 270 arm parts, over 45 ring 
parts and over 600 springs. Integration operations are 
therefore simple but highly repetitive, and this 2-meter 
prototype has demonstrated that it is possible to assemble 
the mast properly. A number of improvements have been 
identified to simplify these operations. The largest 
difficulty lay in routing the cable through the mast while 
stowing each individual section, since the cable is wound 
between the arms in the stacked position, following a 
helical path. 
 
3.3 Mast’s performance 

Measuring the end-of-deployment shock between the 
various environmental tests proved to be a simple, 
reliable, and quick method to assess the impact of these 
tests on the mast's performance. Videos recorded during 
the deployment also helped assessing the deployment 
kinematics and duration. 
 
4 UPCOMING CHALLENGES 

This first concrete development, which has enabled us to 
validate the concept of the self-deploying mast, also 
highlights new challenges for the upcoming 
development: 
 
- Simplify assembly operations by modifying the design 
or creating specific tooling, as well as routing the 
harnesses through the mast during stowage using spiral 

preforming. 
- Design a 2U box containing the mast, its HDRM system 
and the electronics to receive information from a 
deployment sensor. 
- Better characterize the harnesses resistive force and 
adapt the deployment force consequently to make sure 
the mast will be able to properly deploy. 
- Extend the application potential by increasing the first 
mode due to the radial stiffness of the mast, or to be able 
to place heavier equipment at the end of the mast without 
degrading too much the first mode. 
- Development of a method for measuring end-of-
deployment shock and radial stiffness (first mode) in 
conditions much closer to micro-gravity, which could not 
be measured during R&T. 
- Ensure mast orientation accuracy according to in-orbit 
environment by selecting a material less sensitive to 
temperature variations, or by adding thermal protection 
around the mast in deployed configuration (more 
complex). 
 
Most of these aspects will be addressed in the upcoming 
phase of development of the mast, which is about to begin 
at the time of writing. 
 
5 CONCLUSION 

Finally, COMAT was able to produce a breadboard-level 
model to demonstrate the functional aspect of its self-
deploying mast concept, with a high ratio between 
stacked and deployed configuration. The behaviour of the 
mast is close to the theoretically estimated expectations, 
enabling us to validate the physical behaviour and 
physical quantities involved during deployment 
(deployment force, end-of-deployment shock, resistance 
to vibration and thermal environments, etc.). After more 
than fifty deployments and various environmental tests 
(mechanical, vibratory, end-of-deployment shock, etc.), 
none of the components deteriorated, the kinematics 
remained identical and the deployment force of the 
individual segments remained rather constant, which is 
remarkable for a system with a single deployment needed 
during its lifecycle. 
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