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ABSTRACT 

The article focuses on functional testing of Intersatellite 
Separation Mechanism (ISM), which is a part of the ESA 
science mission Comet Interceptor, which includes the 
main S/C (SCA) and two probes, B1 provided by JAXA 
and B2 developed in Europe by SENER. The probe B2 
shall be released from the main spacecraft with desired 
separation spin and velocity in the final steps of the close 
approach phase, before the actual comet fly-by. 
Separation will happen after up to 6 years after launch. 
The mechanism has passed successfully CDR and the 
qualification campaign is in progress.  
The mechanism has two functions: 
- Provides stiff and secure support for Probe B2 
- Provides controlled separation of the Probe B2 
To consolidate the design of the ejection system, the team 
used a 6DoF model running Monte Carlo analysis to take 
into account uncertainties in the design process. 
 
1 MECHANISM DESCRIPTION 

The Intersatellite Separation Mechanism (ISM) is 
developed by Sener in Poland and consists of three 
ejection mechanisms (that combine former jettisoning 
and spin mechanisms) and single unit Hold-Down and 
Release Actuator (in center of the ISM).   
As mentioned before, the mechanism has two main 
functions: 
• Provides stiff and secure support for Probe B2 (PB2) 

during launch, cruise and parking phases. The cruise 
and parking phase will take up to 6 years which results 
in some challenging requirements. 

• Provides controlled separation of the Probe B2, while 
providing desired linear velocity, as well as spin 
within strict tolerances, without generating 
disturbances to the angular velocity vector, as it may 
jeopardize the scientific capabilities of the instruments 
installed on the Probe B2.  

Design assumes the following characteristics: 
• reuse of the existing technologies and know-how of 

Sener in Poland; 
• use of non-magnetic materials; 

• operation in wide range of temperatures; 
• reusability (multiple release test without disassembling 

or degradation); 
• low relative mass of mechanisms to mass of structural 

rings; 
• modular design - adjustable number of push-off 

springs; 
• equipped with spin mechanism (also modular, without 

impact on separation mechanisms); 
• release device based on segmented nut 
 
The equipment is a Separation Mechanism with Hold-
Down and Release function having 3 symmetrically 
distributed contacts (sphere on concave cone) with 
centrally located Hold-Down and Release Actuator 
(HDRA). In order mechanically separate the PB2 from 
the Spacecraft, the mechanism is equipped with 3 
ejection pushers responsible for simultaneous providing 
fly-away velocity and spin to the Probe. For electrical 
separation, the mechanism is equipped with 3 pairs of 
umbilical connectors oriented vertically with respect to 
the separation trajectory. 
 

 
Figure 1. ISM general view 
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The selected Hold-Down and Release Actuator is NEA 
9103 with calculated max. preload level of 20kN. After 
the release, the tie-rod is being pulled out by the 
retraction spring, allowing the fly-away mass to release 
and separate freely from the part that remains stationary. 
Development included an Engineering Breadboard 
Model (EBM) and QM. The main change between EBM 
and QM was switching the location of HDRA (now is at 
PB2 side).  

 

 
Figure 2. ISM during Functional Test 

 
The three cup-cone (sphere-cone) contacts are designed 
in a way, that the whole assembly is adjustable to meet 
planarity and positional tolerances, using peelable shims 
as well as larger through holes in female cone part. This 
allows to adjust the contacts in plane to achieve best 
contact between cone and sphere. Thanks to the peelable 
shims, each sphere can be adjusted along Z axis, so the 
interfaces are parallel to each other and the axis of HDRA 
is perpendicular to cup-cones plane. The cup-cones are 
design to withstand the dynamic forces produced by 
accelerations acting on PB2 during launch and the 
preload. During the EBM design, the needed preload was 
calculated in order to prevent gapping at cup-cones. 
The ejection system consists of three ejection 
mechanisms (pushers), each of them comprising a single 
push-off spring. Merged jettisoning and spin mechanisms 
allow to limit the number of elements, thus decreasing 
the complexity of the design. Another advantage is that 
the travel of the pusher can be extended, which allows to 
use less stiff spring. One of the lessons learned from 
previous separation mechanisms Sener developed, is that 
portion of the energy stored in the springs is transferred 
into vibrations instead of the desired movement. The 
effect is greater with stiffer springs as after release higher 
accelerations occur. Therefore, it is beneficial to decrease 
the stiffness and increase the time the springs acts to 
achieve the same momentum. 
In the end, the Ejection Mechanisms are placed angled 
w.r.t rotation axis. That allows getting two force 
components: one in the Z-axis and the second one 

perpendicular, which will introduce rotations in relation 
to Z-axis. Each of them is tilted at 40º. 
 

 
Figure 3. Ejection mechanism and umbilical connector 

(UMC) 

To confirm the performance in matter of providing 
separation stable enough and with desired parameters, the 
6 DoF simulation and functional tests of EBM was done. 
Another iteration of this simulation was done in case of 
preliminary Functional Test of QM, which was described 
in paragraph 5 to properly set the pushers parameters. 
As the result of the preparatory activities and PDR 
outcome, a custom-made umbilical connectors based on 
DLR solution from MASCOT and PHILAE mission have 
been chosen for the ISM. The idea behind this connector 
assumes using a shell of standard umbilical (cylindrical) 
connector and populate them with POGO pins, therefore 
there is no engagement between the connecting elements. 
The guide is custom made by DLR. From the ISM point 
of view, the connector is valid and fulfils the needs of the 
design, however, the guide has to be customized in order 
to allow the separation- the trajectory of the connector 
during separation will have a shape of a helicoid, due to 
the fact that the mechanism ejection system 
simultaneously provides vertical velocity and the spin 
(which makes difficulties in proper sizing of the 
mechanism). In addition, the connectors will be installed 
vertically in order to make the HDRM closing process 
easier, especially at the SCA, and due to the fact that 
umbilicals require almost linear trajectory to disengage. 
In an iterated with DLR design process, the guide was 
modified such a way it allows a separation of the 
mechanism while installed vertically and maintains its 
functionality. 
In the FEM analysis and during the EBM functional 
testing it was noted that the structure deforms when the 
preload is applied. This not only tilts the I/Fs transmitting 
moments to SCA and PB2 but also provides additional 
kinetic energy (vertical velocity) during release of the 
mechanism. This phenomenon was called “initial jump” 
or “initial velocity” and allows to place umbilical 
connectors vertically, as vertical velocity helped in 
trajectory adjustment, which was described in paragraph 
3. 
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2 TEST DESCRIPTION 

 
When the QM was assembled, a preliminary functional 
test was conducted to verify the mechanism performance. 
The main objectives of the test were: 
• Characterization of separation parameters (vertical 

velocity, spin-rate). 
• Characterization of the ‘initial jump’ phenomenon. 
• Verification of proper umbilical connectors 

disengagement. 
For this purpose, a test bed was built consisting of an 
offloading stand which allowed vertical velocity 
measurement by rotary encoder coupled with one of the 
counter-mass pulleys. 

 
Figure 4. Offloading test bed for ISM 

 
The mechanism was tested with a PB2 dummy installed 
on it. This dummy represents the Probe in terms of mass, 
CoG position and inertia. The dummy has also Reaction 
Wheel as the PB2 will be equipped with one to better 
control the spin-rate of the whole sub-system. However, 
the PB2 dummy is also an EGSE. It is equipped with 
Inertial Measuring Unit (IMU) to measure spin-rate, 
shock accelerometer to measure ‘initial jump’ and the 
electronics opening the HDRA.  

 
Figure 5. PB2 dummy with measuring &  EGSE 

 
As the QM connectors were not available, a dummy 
representative int terms of mechanical design was used.  

 
Figure 6. Umbilical Connectors Functional Dummy 

Details 
The dummy was equipped with the same pins and 
contacts as the flight connectors to ensure their 
mechanical behaviour, especially during separation, is 
well represented. This was essential for the test. 
The following tests were performed: 

Table 1 ISM Functional Test Plan 
Run UMC Rection 

Wheel 
Centre of 
Gravity 

1 None Off Centered 
2 None Off Centered  

3 Functional 
Dummy 

Off Centered  

4 Functional 
Dummy 

On Centered  

5 Functional 
Dummy 

On 7,5mm -X  

6 Functional 
Dummy 

Off 7,5mm -X  

7 Functional 
Dummy 

Off 7,5mm -X  

Pulley with 
Rotary Encoder 

Counter Mass 

ISM 
(Flying Away) with 

PB2 Dummy 

Flexible Cord 

Release and 
Communication 

Electronics 

IMU 

Reaction Wheel 

PB2 Dummy 

Shock Accelerometer 

Spherical 
Bearing 

UMC Functional 
Dummy 



 

The first runs were used for checking the general 
mechanism performance and validate the test bed with 
measurement system. Later, influence of reaction wheel 
and CoG shift w.r.t rotation axis was checked. 
The results obtained are very consistent between the test 
cases and close to the predictions. The ‘initial jump’ was 
calculated by integrating the accelerometer signal. 

 
Figure 7. Initial jump measurement 

 
The constantly ‘increasing’ velocity is an effect of the 
sensor noise, nevertheless, the jump is clearly visible at 
the signal. It is consistent between runs and equals 
5,8cm/s.  
The spin rate and vertical velocity is also very consistent 
between runs, and it does not seems affected neither by 
the reaction wheel, nor by Centre of Gravity shift. 
 

 
Figure 8. Vertical velocity and spin-rate measurement 

Visible vertical lines are the effect of derivation of the 
signal from IMU and Rotary Encoder. Both sensors 
provide angular displacement in time domain in 0-360 
degrees range, therefore the vertical line appears each 

time the measured angle changes from 0 to 360 degrees 
or from 360 to 0 degrees. Values decreasing over time are 
caused by the friction in the test-bed. 
However, the Reaction Wheel does improve the stability 
of separation. It is visible in the lower wobbling rate. 

 
Figure 9. Wobbling with RW off (up) and with reaction 

wheel on (down) 

 
3 HIGH SPEED CAMERA MEASUREMENT 

As mentioned in the previous section, in order to verify 
separation of the umbilical connector as well as to 
confirm the separation parameters and trajectory of the 
mechanism obtained by the test bed described in the 
previous section, a high speed camera was used. 
 
3.1 Set-up 

The test setup was filmed with a high-speed camera type 
IRIS M from RDI technology provided by ESA/ESTEC. 
The scene was selected according to the point of 
interested and a suitable interchangeable lens was used. 
Prior to the actual separation test lens focus, aperture and 
lighting were carefully adjusted according to the needs. 
Here a specialized light source was used as conventional 
light sources show flickering from either AC or PWM in 
the high-speed footage. The bare metal test objects were 
equipped with black and white high contrast stickers. In 
that way the automated tracking of the objects was 
simplified during post processing. 
A specialised motion amplification software was used for 
this purpose. In this way a point of interest or a reference 
point could be locked and via software tracked. With user 
input of exact distance, lens focal length and recorded 
images the motion of the tracked objects was 



 

automatically analysed. In preparation of the movie 
recording the camera orientation was marked in the 
software. In that way the images could be processed in a 
global coordinate system with the X axis running parallel 
to the horizontal/lower image border and the Y axis 
running parallel to the sides of the images. 
The output could be properly formatted as coordinate 
value vs time or speed and acceleration for the tracked 
points. A frequency analysis was also possible.  
 
3.2 Measurements and analysis 

In this measurement a special attention was given to 
separation of the connectors. Because it requires the 
almost linear (vertical) separation, allowing only +/-
0,8mm of in-plane movement during disengagement, and 
the mechanism provides helicoidal movement of PB2 it 
was essential to prove that relaxation of the structure and 
the vertical velocity component being result of this 
relaxation is assuring correct disengagement. Thanks to 
highspeed camera it was possible to confirm that 
connectors disengage correctly. Firstly, the structure 
relaxation can be observed: 
 

 
Figure 10. Connectors separation due to structure 

relaxation 
 
Thanks to the tracking feature of the measuring system, 
it was possible to measure the deformation in this area. 
The grounding point was chosen as a reference (tracked) 
point.  
 

 
Figure 11. Structure relaxation measurement 

 
The measured deformation is around 0,30mm, which 

matches quite well the FEM estimation. Once the 
structure is relaxed, the mechanism moves vertically and 
then start rotating. In this moment the connectors are 
disengaged: 

 
Figure 12. Connectors disengagement 

 
In the picture above, the right-hand side frame is captured 
at the moment when the male connector moved laterally 
by the distance it would cause the collision with its 
female counterpart in case of no disengagement. This 
shows that there is still high margin for the correct 
connector separation. 
 
A recording with point tracking also confirms, that at the 
beginning of the separation the mechanism moves nearly 
vertically, and rotation starts with a delay with respect to 
the release:  
 

 
Figure 13. ISM tracking with high-speed camera during 

separation test. 
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Figure 14. ISM Fly away part trajectory right after the 

release 
 
As it can be seen, the tracking of the reference point of 
the mechanism during separation proves detailed 
observations, that at the beginning there is almost pure 
vertical movement as the movement in X axis is nearly 
not evolving in time. Some lateral movement is visible at 
the very beginning, but this is believed to be an artefact 
of the release shock. Considering, that there is 0,3mm of 
relaxation of the structure, to disconnect the connectors 
0,9mm of vertical movement is needed (the connectors 
are engaged 1,2mm). From the XY trajectory graph we 
can learn, that for 0,9mm of vertical movement, the 
mechanism moves less than 0,15mm (including the 
artifact at the beginning), which is much lower than +/-
0,8mm allowed by the connectors design. This proves, 
that the connectors can disengage properly. 
 
4 6DOF CORRELATION WITH TEST 

RESULTS 

A six degrees-of-freedom (6DoF) model has been 
developed in MATLAB/Simulink. The main purpose of 
this model was to be able to simulate the mechanism 
behavior in space. To do this, the model was first 
correlated to match ISM’s performance during separation 
tests. Once the model is correlated it is possible to 
perform final performance verification of the 
mechanism. 
 
The model was initially built for EBM activities and its 
correlation with the breadboard functional testing 
allowed the team to use the 6DoF model for running 
Monte Carlo analysis in order to take into account 
uncertainties in the design process. 
 
4.1 Model Description 

The model simulates the full translational and rotational 
motion of the probe, integrating Newton’s second law 

and Euler’s equations, and includes the counterweight 
dynamics to replicate no-gravity conditions. 
 
The cord is modeled as a linear spring with damping, 
capturing flexibility effects that significantly influence 
system response. Pulley friction is represented as the 
mass imbalance between the probe and counterweight 
and is corrected with a factor 𝛾 to account for 
uncertainties in mass selection. 
 

 
Figure 15. Representation of the forces acting in the test 

setup and included in the 6DoF simulator. 
 

The spring-pusher model captures the time-dependent 
contact location between the spherical pusher tip and the 
pad, accurately representing changes in force direction 
and frictional behavior. Umbilical connectors (UMCs) 
are modeled as linear springs whose force is the sum of 
all POGO pin contributions. 
 
4.2 Correlation Process 

The main objective of the correlation is to replicate the 
post-separation spin rate and vertical velocity observed 
experimentally.  
 
The process begins by estimating the initial velocity jump 
caused by the preload deformation of the structure, 
integrating the data yielded by the shock accelerometer 
measurement. This value is then implemented as an 
initial condition in the simulator.  
 
The spin rate was estimated by tuning the most influential 
parameters affecting rotational motion, as identified 
through sensitivity analyses. These include the stiffness 
coefficient of the springs (k), the coefficient of friction 
(𝜇) between the pusher tip and the pad, the moment of 
inertia (𝐼𝑧𝑧) of the probe around the spin axis, and the 
internal friction of the pushers.  
 
Spring characterization involved measuring force during 
controlled compression and decompression cycles. The 
stiffness was obtained from the linear slope of the force–
displacement curve, while the offset between loading and 



 

unloading curves revealed the spring’s internal friction. 
 
Despite using the characterized spring parameters, the 
simulated spin still showed significant deviations with 
the test data. Hence, a sensitivity analysis was performed 
to determine the influence of each variable on the spin 
rate, revealing that the most critical parameters were the 
moment of inertia and the tip–pad friction coefficient. 
 

 
Figure 16. Sensitivity analysis reveals the influence of 
the tip-pad friction coefficient in the estimation of spin. 

 
To validate the inertia, multiple measurements were 
performed, all yielding consistent results and confirming 
that 𝐼𝑧𝑧 had been correctly estimated. Therefore, a simple 
static friction test was then conducted to determine 
whether a rough estimation of 𝜇 would be sufficient. 
However, spin errors persisted, reaching nearly 9%. This 
motivated the execution of a dedicated dynamic test to 
accurately measure the sliding friction coefficient, 
enabling a better match with the experimental spin 
profile. 
 
In contrast, the correlation of vertical velocity was 
addressed in two parts: shape and magnitude. The 
velocity profile shape, resembling a damped sinusoid, 
was matched using IMU data by tuning the damping and 
stiffness parameters of the flexible cord. The magnitude 
was calibrated using encoder data and adjusted via the 
correction factor 𝛾. Sensitivity analyses confirmed that 𝛾 
had a negligible effect on spin, allowing the vertical and 
angular correlations to be decoupled. Moreover, since 𝛾 
depends on the mass distribution between the probe and 
the counterweight, a different value was required when 
the probe’s center of mass (CoM) was shifted. 
 
Additionally, a second-order transfer function, acting as 
a low-pass filter, was applied to the simulation output to 
replicate the IMU’s limited frequency response and 
enable consistent comparison with test data. 

 

4.3 Tests on dynamic friction 

As it was demonstrated before, the model is very 
sensitive to the dynamic friction coefficient between 
ejection pusher tips and pads. Therefore, it was decided 
that a dedicated test was needed. The test was performed 
on the test bed used for characterizing the ejection system 
pushers. This device precisely measures pushers’ 
reaction in function of displacement and is capable to 
measure tension and compression. In this test, the pushers 
were installed with predefined inclination w.r.t 
compression/tension direction.  
 

 
Figure 17. Dynamic friction coefficient Ejection System 

Pusher on Contact measurement. 
 

This modification in the test set-up made the tip of the 
pusher slide on the pad while the pusher was being 
compressed or released. In this way a lateral force, the 
dynamic friction, appeared. Knowing this force and 
pusher reaction in the direction of the compression  
synchronized in displacement domain, the dynamic 
friction was calculated. Measurement of these two forces 
simultaneously is possible, because the test bed featured 
a 6DOF sensor. 
 

 
 Figure 18. Force perpendicular to tension/compression 
force- representation of dynamic friction between pusher 
tip and pad. 
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4.4 Final match of the results 

After completing the parameter tuning and dedicated 
testing, the final simulation results showed strong 
agreement with the experimental data. 
 
The model was deemed valid when results remained 
within defined acceptance thresholds: ±5% error in spin 
rate and vertical velocity, and a connector clearance 
envelope of less than 0.8 mm laterally and 1.2 mm 
vertically. 
 
Regarding spin, the nominal case simulation reached an 
average error of 1.45%, as illustrated in Fig. 3. 
Furthermore, the profile shape was accurately matched 
thanks to the IMU filter tuning. Similarly, the vertical 
velocity correlation was successful in both shape and 
magnitude, using the same flexible cord parameters 
across configurations.  Moreover, 𝛾 = 1.25 was used for 
the centered case and 𝛾 = 1.18 for the shifted 
configuration due to the altered mass distribution. 
 

 
Figure 19. Percentage error in simulated spin rate with 

respect to experimental data for each test case. The 
average error is within the acceptance threshold. Each 

colour represents a different test configuration, 
including variations in UMC, Reaction Wheel (RW), 

and CoM status. 
 

In addition, to assess the model’s robustness under 
uncertainty, a Monte Carlo analysis was conducted by 
introducing variability in the model inputs. The results 
confirmed that both spin and vertical velocity remained 
within the defined acceptance margins across all 
simulated scenarios. Additionally, the simulator 
demonstrated consistent accuracy across test cases 
involving configuration-dependent variations, such as 
shifts in the center of mass and changes in the operation 
of the reaction wheel or umbilical connectors. 
 
Overall, these outcomes confirmed the model’s 

reliability as a predictive tool for assessing ISM 
performance under representative test conditions. 
 
5 CONCLUSIONS 

The functional testing of the separation mechanism and 
its 6 DOF model correlation required specific effort 
despite the lessons learnt obtained during EBM test 
campaign. To be able to functionally validate the 
mechanism correctly and to obtain details of the 
separation process, which is a dynamic event, it was 
necessary to use a high speed camera. The correlation of 
the test data with a 6DOF model was iterative and 
required performing additional test. This process was 
concluded successfully, and the mechanism behavior can 
be precisely estimated, especially in the space scenario, 
during the separation from S/C A in the gravity free 
environment. 
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