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Abstract. The use of CubeSats as drones for inspecting the collaborative mothercraft is one of the most interesting
in-orbit service missions for this kind of small spacecraft. The most challenging operation in this context is the
retrieval of the CubeSat by the mothercraft after the inspection phase especially because any violation of safety
constraints must be avoided. A well-established docking strategy in nominal and off-nominal conditions is
fundamental already during the preliminary design phases. The present paper shows drivers and requirements that
identify a set of design parameters on the state boundaries of the CubeSat, its main features, and the uncertainties due
to the space environment and the system uncertainties. After the choices of the guidance, navigation, and control
strategies and architectures, simulation sessions lead to an assessment of the robust performance in nominal
conditions. Then, the off-nominal conditions are deduced and new simulation sessions confirm the capability of the
system to react against discrepancies between actual state and desired state and system failures. The proposed
solution is applied to a 12U CubeSat mission that will be released and, in case, retrieved by a mothercraft for
observation purposes. The paper highlights the solution's effectiveness in nominal conditions, and when an error
occurs in the approach velocity and failures affect the propulsion system, as an example of the entire analysis.
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1. Introduction

The last years observed a dramatic increment in the small satellites market due to the
improvement of the operational capabilities achieved by this type of spacecraft maintaining a
lower cost and quicker schedule compared to larger spacecraft. Space exploration (Fabiani et al.
2022, Cervone et al. 2022, Viscio et al. 2013), in-orbit servicing (Nichele et al. 2018, Corpino and
Stesina 2021), in-orbit demonstration (Lepcha et al. 2022), beyond remote sensing (Schwartz et al.
2022), and telecommunication missions (Gonzales 2023) are valuable examples of small-sats
missions. One of the most interesting missions of CubeSats consists of inspecting/observing a
mothercraft moving around it (Bowen 2015). In the framework of these missions, the most
challenging operational capability (Lin et al. 2020, Richard Noca et al. 2016) to be completed is
often the retrieval. The satellite should approach the Target vehicle and achieve the retrieval
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position.

Docking is a ‘planned collision’ of two spacecraft, which is controlled by considering the
geometric location of the contact points on the two vehicles and the linear velocities and angular
rates at contact. To achieve the contact conditions within the allowed margins, the trajectories have
to be maintained within close tolerances before contact. Any deviation from the expected
(nominal) trajectory could carry out loss of mating opportunity or, even, the danger of collision of
the two spacecraft at unsuitable points and dynamic conditions, with the risk of serious damage. In
any case, at each point of the docking, when controls fail and the actual state vector exceeds safety
boundaries, the onboard system must execute an operation that prevents collisions, at each point of
the docking, when controls fail, and the actual state vector exceeds safety boundaries. In the
majority of cases, the execution of a single/combined boost may be sufficient to remove the chaser
from the target vicinity, and a collision avoidance maneuver (CAM) is required.

For these reasons, docking imposes a large set of stringent constraints that impact the design of
critical subsystems involved in navigation (Opromolla et al. 2021, Modenini 2019), guidance,
control (Stesina 2021), propulsion system (Mantellato et al. 2022) and retrieval mechanisms
(Branz et al. 2020). The drivers for the design and verification are 1) the accurate relative position
and velocity estimation, 2) the fine pointing of the mating point on the Target, 3) the accurate
trajectory definition and control, 4) the high control agility, and 5) control authority. the main
constraints are safety (e.g., the approach corridor maintenance, the collision avoidance capability),
the illumination conditions, and visibility with the ground segment. The final goal is the
identification of convenient trajectories both for nominal and off-nominal conditions.

The rendezvous and docking of CubeSats have been partially studied in the literature,
especially in nominal contexts. However, the study of safety approach in off-nominal conditions is
not deeply faced. A pertinent work can be found in (Roscoe ef al. 2018) in which a rendezvous
maneuver with proximity operations and docking with a pair of 3U CubeSats using miniaturized
components and sensors is described. A consistent study of the GNC system and the use of H-
infinity controller on robust analysis using the Monte-Carlo method is performed by (Pirat et al.
2020) in nominal conditions, showing the capability of the CubeSat to remain within the safety
constraints. Similar performances are demonstrated by (Stesina 2021, Mammarella et al. 2020)
using a tracking model predictive controller and a tube-based model predictive controller.

The present paper aims to show an analysis for the assessment of safe approach trajectories
made during the preliminary design phases of a docking mission of a CubeSat. Section 2 describes
the case study, the Space Rider Observer Cube (SROC) mission and it shows the choices about the
design parameters for a safety analysis and presents the simulation architecture. Section 3 shows
the main results obtained during the analysis performed in Phase B1 of the project highlighting the
main outputs for nominal and off-nominal conditions. Section 4 concludes the paper with a
summary and remarks on the achievements.

2. Mission and system characterization

The Space Rider Observer Cube (SROC) mission (Corpino et al. 2022, Corpino et al. 2019)
aims to demonstrate the disruptive technologies required for successfully executing a rendezvous
and docking mission in a safety-sensitive context with small satellites. The SROC mission is
constituted by a nanosatellite and a deployment & retrieval system. The system will perform a
mission featuring proximity operations in the vicinity of the Space Rider (SR) vehicle before
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Fig. 1 SROC-Reference mission

docking and re-entering Earth with the mothership.

The SROC project aims at developing and testing in space novel key technologies in the area of
proximity operations, such as Propulsion systems (cold gas), Guidance Navigation and Control
(hardware and software), Electro-optical systems (visual camera), Mechanisms (docking,
deployment, and retrieval), and at improving Autonomous Operations also using Artificial
Intelligence algorithms. This in-orbit demonstration has the potential to open a wide spectrum of
novel applications for nanosatellites in the area of inspection missions. Furthermore, the
development of the advanced technologies needed for the SROC mission will also have a positive
impact for pursuing other mission objectives, especially in the domains of in-orbit servicing, space
exploration, and debris mitigation.

In the current baseline, the 12U CubeSat will be launched with Vega C inside the Space Rider
and deployed from the Multi-Purpose Cargo Bay once in orbit. The target launch is the Space
Rider Maiden Flight, currently planned Q4 2025. Once deployed and commissioned, SROC will
fly in formation with Space Rider observing the vehicle from a close distance. Then, SROC will
rendezvous and dock with its Multi-Purpose CubeSat Dispenser (MPCD) hosted in the Space
Rider. Fig. 1 illustrates the design reference mission, in which the Observe & Retrieve scenario is
assumed as the baseline, and the Observe scenario is considered as an off-nominal mission in case
the retrieval is not possible.

The most challenging phase of the mission is retrieval. It means guiding the small satellite to a
mating point with very high accuracy and, even, preventing any collision with the target.

2.1 Reference frames

Four reference frames are defined to formulate the problem (Fig. 2):
* ECEF (Earth Centred Earth Fixed) frame A4, is considered a quasi-inertial frame.
 Radial-InTrack-CrossTrack (RIC) Frame is a system similar to the LVLH frame defined as:
° Origin Ogyc: centre of mass of the target spacecraft;
° AXis xgic, or Radial: in the outward radial direction, from Earth’s centre to the target CoM;
o AXis yric, or InTrack: the in the direction of the orbital velocity vector, completes the right-
handed triad with the other two axes;
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° AXis Zgic, or CrossTrack: in the direction of the orbit angular momentum vector.
* The Target Body frame A7
* The Chaser Body frame 4.

2.2 Mission and system characterization

The baseline for phase B1 of the SROC mission considers an approach along Radial axis, as
shown in Fig. 3.
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Table 1 Hold point location

Parameter Values Uncertainties
W0, Wy, W0 [0; 0; 0] rad/s +/- 1 deg/s
0,00, %0 [0; 0; 0] +/-0.1
X0> Yo> Zo [-100;0; 0] m +/-2.5 m
X0Yo0Zo [0; 0; O] m/s +/- 0.2 m/s

Safety constraints and mission requirements address the definition of crucial parameters and
performance required for executing the maneuvers. They are the approach corridor, the state vector
of the last Hold Point, the final state at the docking, the time-to-docking, and the collision box.

The approach corridor is a cone with the origin in Oric and an angle (cone angle) of 15 deg.
The CubeSat shall remain inside this zone for the entire duration of a nominal docking. Any
deviation imposes a corrective action, such as a CAM. The initial point for the docking maneuver
is the last Hold Point (HP) characterized by the values in Table 1. It has been defined as a point
that lies outside the so-called Keep Out Zone, i.e., a sphere originated from Ogric with a certain
radius dimension (rgoz) of 100 m. Any operation (apart from the docking maneuvers) should be
performed outside this zone. Table 1 also highlights the uncertainties in any state derived from the
requirements and constraints of the Guidance Navigation and Control system on the Absolute
Knowledge Error and Mean Knowledge Error. In particular, it is expected) to know the chaser's
position with an accuracy lower than 2% of the distance target/chaser. The Hold Point is a point
with zero relative velocity (by definition) and a Go/NoGo point where the decision to move is
taken when the conditions in terms of safety, illumination, and visibility with the ground station
are compliant with the requirements. The desired attitude is the target-pointing strategy to support
the navigation cameras. That imposes that the target must point the target with a maximum
uncertainty lower than 0.2 deg for axis.

he mating point (i.e., the hold point coincident with Oric) must be achieved by satisfying the
following mating conditions:

> the approach velocity (x ) along the mating axis shall be less than 5 mm/s

o considering the mating mechanism located at (x;, y, z)=(0, 0, 0), the lateral misalignment
(Ayy, Azy) shall be less than 2 cm, when x=0,

o the error on relative attitude (Agy, A8y, Ayy) shall be less than 2 deg for any coordinate

> the error on relative attitude rate (wys, Wy 5, W,5) shall be less than 0.1 deg/s with respect
any axis

The time-to-docking explains the duration of the maneuver from Hold Point to Mating point the
adopted value is 900 sec and depends on the output of the communication windows analysis
between the ground and the Cubesat because the entire maneuver shall be completed in the
visibility of the ground stations.

Finally, the collision box defines the space occupied by the target with a margin of the 10%. It
has been defined as xpox=2 M, V50x=9 M, 2p,=8 m.

At Cubesat system level, the parameters of interest for the analysis and related values (with
uncertainties) are the mass m., of 2 kg +/-10% and the inertia matrix: Diag [Ixc, Iy, IZC] =
[0.07; 0.18; 0.2] kg - m? +/-10%

Navigation sensors are a LIDAR, a Visible Camera with a Narrow Field of View (N-FOV
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camera), and a Visible Camera with a Wide Field of View (W-FOV camera). Moreover, a GNSS -
receiver is included. According to the relative position (p), different sensors and navigation filters
are active. In general, the adopted state observers are the Extended Kalman Filter, conveniently
tuned considering the reliability of the sensors measurements and the models fidelity of the
onboard dynamics. The values about mean and the standard deviations derived from analysis and
literature review, such as (Opromolla et al. 2017, Caon et al. 2022, Lovaglio 2024).

The Attitude determination is based on 2 Star Trackers and a tri-axial gyroscope, while an

extended Kalman filter (EKF) provides the estimation of attitude (&), and attitude rate (@).

The Guidance strategies are based on the definition of velocity and position profile:

* Velocity profile (Fig. 4): An acceleration profile is implemented at the start of the motion to
achieve a desired approach velocity (Xma=0.2 m/s). At the end, a deceleration profile is
implemented to arrive at the desired position with the desired velocity. At the start of motion a
constant acceleration will bring the vehicle in the shortest possible time to the desired approach
velocity, and thrust in this direction can be stopped when the velocity is achieved. The
approach velocity is maintained up to a certain distance (deceleration position) of Xzec./>30 m or
a specific instant #4.<400s for the start. The maneuver is completed through an exponential
deceleration profile that allows to fulfil passive safety criteria in case of loss of thrust

* Position profile: the position profile coincides with the straight-line axis and includes the
terminal point (i.e., the mating point).

The Control of straight-line maneuver: is guaranteed by a Tracking Model Predictive Controller
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(T-MPC) as in (Stesina 2021). The Control of attitude and angular velocity is guaranteed by an H-
infinity controller (Pecorilla and Stesina 2023). The advantages of the sliding mode controller
applied to the presented rendezvous and docking problem are the capability to efficiently deal with
nonlinear dynamics and the robustness against the modeling uncertainties.

The attitude actuators are 3 Rection Wheels and 3 Magnetic Torquers. The maximum control
torque is (|Tcx_max|J |Tcy_max|: Tcz_max|)= [0-5; 0.5; 05] Nm (-20%)

The Propulsion system is a cold gas system able to provide a maximum force
Max(|F .|, |Fcy|, |F.,|)=[0.042; 0.042; 0.035] N. Thrusters position and related number are
reported in Fig. 5. (Mantellato et al. 2022).

2.3 Simulation architecture

Detailed models and a robust simulation architecture have been built in the
MATLAB/Simulink© Environment.

This architecture (Fig. 6) includes:

* Orbit propagator models the orbital motion of Chaser and Target to define Latitude,

Longitude and Altitude, useful to estimate the disturbance forces and torques.

» Disturbance Torques (Tq4) include disturbance torques from Aerodynamic Drag due to

residual atmosphere, Gravitational Gradient, Residual Magnetic Dipole, and Sloshing of Fuel in

the tank.

Disturbance Forces (Fq) include aerodynamic drag due to the residual atmosphere and

Geopotential Anomaly (J2).

Relative rotational Dynamics and Kinematics and Relative translational Dynamics and

Kinematics (Fehse 2011): translational and rotational dynamics are coupled considering an

uncertain location of the CoM, an unbalanced thruster activation, an uncertain alignment of the

thrust vector, and an uncertain attitude. Clothessy-Wilshire equations are used to compute the

relative position (p=[x, y, z|) and the relative velocity (v=[x, ¥, Z]) in RIC frame (Eq. (1), where

n is the orbit angular rate), while Euler’s equations for the rigid body (where ©=[wy, w,, w,] is

the angular rate) and Euler angles (a=[¢, 6,1)]) are used to compute the rotational part (Eq. (2),

where [ is the inertia matrix ).

1
¥ = 3n%x + 2ny + —F,
X nex + ny+mcx
4 y = —2 '+1F 1
§ = —2ni +-F, (1)
L, 1
zZ=-n“z+—F,
mC
T=lw+wXxlw © o=1"1(T - (0 X Ilw)) )

The entire state vector is given by [p, v, @, ®]

* Position and velocity observer emulator: for sake of simplicity, position and velocity
estimation from the observers are emulated as the value of p and v plus an uncertainty modeled
as a percentage of p and v with a Gaussian distribution.

* Desired attitude and angular velocity: the desired attitude is Target pointing, meaning that the
Chaser attitude and the Target attitude coincide. For the nominal approach along the Radial
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Fig. 6 Simulation architecture

axis, the Target is aligned with RIC and its attitude is the reference for the target. The desired
angular velocity is null around all body axes.
* Desired relative position and velocity: solutions for guidance are described in the previous
paragraph.
* Attitude Controller and Position Controller: a Non-linear Model Predictive Control (NMPC)
was implemented for position control, while a Sliding Mode Control was adopted for attitude.
Attitude Control is based on H infinity strategy (as in Pecorilla and Stesina (2023)).
* Reaction wheels (RW): three reaction wheels installed along the main body axes of the Chaser
transform the commanded torques into the actuated torques. The effective torque generated by
RWs is simulated with a second-order dynamical system.
o Thruster: the propulsion system has eight lines equipped with Normally-Closed -valves
(independently controlled) and a nozzle. Every nozzle is tilted with respect to R. angles:

- e=m/4 with respect to x. axis;

- =mt/6 with respect to z. axis.
That allows to maintain a 6DoF control also in case of one failure. Moreover, the adopted

mathematical model includes thrust vector errors in terms of thrust force (reduced up to 20% of the
nominal value), thrust duration (+/-5% of the desired time to open and close the valves), and thrust
misalignment (up 0.2 deg of deviation from the desired direction, i.e., thruster angles € and T w.r.t.
the Rc¢).
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3. Analysis of the safe trajectories in nominal conditions

“Nominal case” means that the maneuvers are completed under the desired conditions without
relevant discrepancies. The term relevant indicates that the actual condition of the spacecraft
violates one or more constraints and prevents any possibility of recovering the nominal conditions
in the future. In general, a range of margin should be defined on any desired parameter and inside
that range, the satellite correctly and safely operates. The analysis of the nominal conditions
supported the tuning of controllers and state observers, the definition of the worst case, and the
assessment of the robustness of the design through Monte Carlo simulations.

The main results of the robust analysis are focused on in this paper because they lead to
identifying the boundaries of the nominal conditions. In particular, 60 Monte Carlo simulations
have been run by randomly changing 1) HP initial conditions (see Table 1), 2) CubeSat mass (),
3) CubeSat inertia (/.;) according to the above-specified values, and it has been observed if the
mating conditions are satisfied without violation of the safety constraints.

Trajectory follows the guidance rules (Fig. 7 and Fig. 8) and the mating conditions are
satisfied: the final misalignment is within a circle with 15 mm diameter (from Fig. 9 to Fig. 12).
The maneuver is always completed in less than 760 seconds and the reference profile on the
velocity is tracked: the Vmax is reached in less than 180 s and the expected deceleration starts no
later from dgce~=40 m. The final approach velocity is no more than 2 mm/s, the lateral
misalignment is less than 2 cm. The final misalignment from expected pointing is less than 0.2 deg
and the final angular rate is less than 0.005 deg/s.

4 Analysis in off-nominal conditions

For this analysis at a preliminary stage, the identification of the misbehaviors is carried out at
the functional level, without the necessity for a complete FMEA of the system and subsystem
elements, because only preliminary information on the system is known.

In this way, misbehavior effects are the generation of errors on the state vector and/or the loss
of one of the GNC/ADCS functions. Since the system needs to be tolerant to no more than one
failure and guarantee that corrective actions can be completed.

Corrective actions are all the strategies that, applied to the chaser, lead the CubeSat to avoid
collisions with the target and move away from it and/or to avoid collision with the target and achieve
a stable point that can enable a new attempt of docking, and/or to recover the nominal conditions
and continues the docking.

Most of these strategies are normally based on the definition of passive-safe trajectories or
CAM when possible: when an off-nominal condition occurs, the selection of a passive-safe
trajectory or a CAM depends on the distance from the target and the type of failure.

In every case in which active trajectory control has failed and the present trajectory, if not
controlled, results as dangerous as it may or will lead to a collision, the execution of a CAM is
necessary. A CAM is executed in any case of violation of the position and velocity safety margins.
Such a maneuver must be as simple as possible, to be performed by the system with minimal
resources: the simplest case is a single lateral boost from straight line motion, where the CAM
thrust is fixed in a single direction with respect to the body frame. No functioning of the GNC is
required during the execution of a CAM. In practical terms, predetermined thrust directions and burn
times are processed following an open loop type of control for the application of the desired AV.
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Moreover, the collision avoidance maneuvers do not include any maneuvers for a new attempt
in case of hard and permanent failure. On the contrary, a new docking attempt can be enabled in
case of a transient failure. The entire analysis allows to determine the minimum distance from
which trajectory remains passive-safe and the minimum distance for effective CAM in case of off-
nominal conditions on relative velocity, relative position, relative angular rate, and relative
attitude, and assess the CAM successful in case of one failure on navigation, propulsion system,
and attitude determination and control.

A selection of the most representative results of the off-nominal analysis is presented in this
paper. They are: the assessment of the minimum distance from which passive-safe trajectories are
effective, the assessment of the minimum distance from which CAM are effective with off-
nominal conditions on relative velocity, and the when one failure occurs on propulsion

4.1 Passive safe trajectory assessment

This analysis aims to identify the last point from which the trajectory remains passive-safe.

The analysis is performed by disconnecting the controller on the position and the propulsion
system from the simulation architecture to prevent the use of any control force

Any simulation run starts at a distance that changes from 100 to 10 meters along the docking
axis, with the nominal velocity (i.e., compliant with the velocity profile) nominal attitude, and
attitude rate.

Fig. 13 shows that the collision is avoided from a distance between 25 and 30 meters. Fig. 14
shows the details on the range 25 to 30 highlighting that the chaser trajectory remains passively
safe for a distance higher than 27.5 meters.

4.2 Collision avoidance maneuvers assessment

The assessment of the collision avoidance maneuvers aims at identifying the maneuver’s effort
and the effectiveness.

The CAMs are modeled as open-loop impulsive maneuvers: a maximum thrust in a
predetermined direction for a given time interval is applied. Two strategies are assessed:
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Table 2 Summary of the results for the assessment of CAM effectiveness

Radial Approach Baseline

CAM thrust direction +Radial +InTrack +InTrack
. 200 s Radial
Thrusts duration 100 s InTrack 100 s InTrack
Total AV 0.528 m/s 0.22 m/s
CAM Collision always prevented for Collision always prevented for
effectiveness Radial distance>7 m Radial distance>14 m
50 Relative ppsition in $he InTracl‘(-RadiaI plvane with c?nstraints 50 Relative positi?n in the InTréc!(-Radial plane v\(ith constraints
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Fig. 15 Best approach for CAM with deceleration Fig. 16 Best approach for CAM without

along -Radial in Radial approach. (a) deceleration along -Radial in Radial approach.:
Radial/InTrack view Radial/InTrack view

maneuvers that include the thrust toward the Target (i.e., deceleration along the docking axis) and
maneuvers that avoid thrusts toward the Target.

To study CAM effectiveness, CAMs are performed moving from the docking axis, starting
from a relative distance of 1 m with steps of 1 m up to a distance of 30 m, where maximum
velocity is reached. Initial velocities are calculated from the reference velocity function, increased
by a margin of 100%. If CAMs are completed at 30 m, any CAM performed from a greater
distance is assumed completed too, as nominal velocity is constant for distances>30 m.

Results for best CAMs are briefly reported in Table 2.

The collision is prevented for distances higher than 7 m for a combined maneuver

InTrack+Radial (Fig. 15) and higher than 14 m for only In-Track maneuver (Fig. 16).

4.2.1 Passive safe trajectory assessment after a CAM

This analysis aims to verify that SROC continues to move away from SR after the completion
of the CAM, maintaining a passive-safe trajectory.

In this case, the CAM starts at a random point inside the approach cone between 15 m and 50 m
of relative distance CAMs are modeled as open-loop maneuvers, i.e., the maximum thrust is
requested to the actuators in a specific direction for a certain time. Two direction options are
evaluated, i.e., -InTrack and+InTrack.

The maneuver effectiveness is evaluated over 3 orbits, 1.e., about 18000 seconds.

The simulations show (Fig. 17 and Fig. 18) that, after mid-orbit, the relative distance is about
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Table 3 Docking and CAM maneuver in the presence of one failure on one thruster

Thl Th2 Th3 Th 4 Th5 Th 6 Th7 Th 8
Percentage of success 55 100 1.7 100 56.6 100 3 100

[1200 m, 3000 m, 0 m], expressed in RIC reference frame, and, after one orbit, the relative
distance target/chaser is about [0, 6000 m, 0]. It means that the CAMs effectively move away the
Cubesat without further risk of collision.

4.3 Docking and collision avoidance maneuvers assessment for propulsion system
failure

Thruster failure represents a major loss for the system propulsion capabilities, especially if the
failure affects one of the thrusters mostly involved in the maneuvers.

This analysis aims to assess the capability of the chaser to perform docking and collision
avoidance maneuvers in case of one-thruster failure.

This simulation session is divided into two parts. The first one allows verifying if the docking
is possible with a failure. If the mating is impossible under the safety constraints, a second run is
executed to confirm the possibility of completing a CAM.

For the first session, the initial conditions are set and a failure on one of the thrusters is
randomly generated; in particular, one of the valves remains permanently in normally-closed
condition. 60 Monte-Carlo simulations are applied for each of the eight thrusters in failure in order
to assess the percentage of successful mating.

A second simulation session runs to assess the planned CAM by excluding the thruster in
failure contribution. CAM assessment is repeated for any single failure of the eight thrusters of the
propulsion system.

The results of the first part of this analysis are reported in Table 3.

Failures on thrusters 3 and 7 are critical because they guarantee a fundamental direction of
firing for maintaining the straight line trajectory along the docking axis and to prevent lateral drift.
So, their failure leads to very low success rates with major deviations from final mating
conditions. For example, a failure of thruster 3 generates significant violations (over the
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Table 4 Mean and maximum deltaV for any maneuver

Mean deltaV Max deltaV
Final approach from 100m 1,1663 m/s 1,3483 m/s
CAM 0,5961 m/s 0,7332 m/s

requirement of 2 cm) as shown in Fig. 19 and Fig. 20.

Failure of thrusters 2, 4, 6, and 8 leads to success rates of 100%, with no final conditions
violations.

The remaining cases (on thrusters 1 and 5) present a success rate of around 55% from the final
point requirements. For example, the docking success rate is 55% when thruster 1 fails (see Fig. 23
and Fig. 24) and the maximum violation is 2 mm only along CrossTrack.

The second simulation session highlights that CAM is always successfully performed, for any
thruster in failure and any initial condition.

Table 4 reports the deltaV required for the execution of each maneuver. The values are
compatible with the selected propulsion system. (Corpino et al. 2020).

5. Conclusions

The paper proposes the analysis of the nominal and off-nominal approach of the SROC
CubeSat during the docking with a larger and collaborative target (i.e., Space Rider) that retrieves
the SROC. The analysis refers to the preliminary design phases (phase A and phase B1) when the
main constraints at the mission level are identified, and the small satellite features are preliminarily
defined.

The results prove that a 12U CubeSat can perform docking maneuvers in nominal conditions up
to achieving the mating with a lateral misalignment of less than 2 cm with a low velocity (less than
1 mm/s @ the mating point). Moreover, it is shown that the satellite can safely complete collision
avoidance maneuvers in case of off-nominal occurrences. Finally, the paper traces a method to
conduct a safety analysis for a small satellite involved in docking, highlighting the parameters that
should be defined, the complete simulation sessions list and related conditions and setup, and the
best practices to obtain the expected outputs for a preliminary requirement review (PPR).
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