

















Tab. 4. Relative positon due to distance and velocity in x-direction
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Tab. 5. Relative positon due to distance in x- and velocity in y-direction
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Tab. 6. Relative positon due to distance in x- and velocity in z-direction
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Tab. 7. Relative positon due to distance in x- and velocity in x-, y-, z-direction
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Failure implementation

Failures of spacecraft during a mission are very unpleasant. Any remedial maintenance of the hardware is simply not
possible at the moment (which might be changed with on-board servicing). Thus, commands have to be send in order
to hopefully solve an occurring problem. During the approach of an uncooperative target, the switch into safe mode
could be hazardous, as the drift could lead to a collision. The implementation of a failure detection, isolation and
recovery (FDIR) algorithm is therefore essential for high level autonomy. While different approach are investigated

in other research [13], ADReS-A shall concentrate on the recovery part. Different failures can have similar symptoms.
For the success of the mission, it is therefore rather considered to treat those symptoms than to find the fault — at least
during the close proximity operations to avoid the risk of collision at any time. A decision has to be made if the failure,
or disturbing sensor data, allow for a further approach or require an abort.

Simplifications

DiSTURBANCES influencing a satellites low orbit in space are solar radiation pressure, the gravity-gradient, the
flattening of Earth’s poles (J2-term), the magnetic field or the satellites aerodynamic drag. While the solar radiation
pressure and the aerodynamic drag highly depend on a satellite cross-section, the gravity gradient and the J2-term
influence a space object depending on their position. The magnetic field perturbation depends on a satellites dipole
moment and is usually in the order of L& the gravitational perturbation. As the target and the chaser set-up have
similar geometries, similar mass and are in close vicinity, at least during the simulation run, those disturbances are
neglected for the calculations.

TheROBOTIC ARM Was set as one spacecraft specification. It shall operate while the chaser stays in the berthing box.
Other than power, mass and geometry specifications, based on data provided by the DEOS mission [14], specifications
will not be determined. Further research, for example on the actual operation of the arm, will not be performed and is
taken as black box.

RELATIVE MOTION in space is highly counter-intuitive. Analytic calculations like the CW-equations or the ones
performed by Eidel help understanding those motions. Tab. 4 to Tab. 7 show their deviation from the exact
coordinates - the more time passes, the higher the deviation value. Even though Eidels calculations are more precise
by the factor of 35 to 200, the CW-equations only differ by 0.6% from the actual value. Therefore, the equations for
small elliptical bodies are not implemented for now.

FAILURES are implemented and can appear any time during the approach. However, a deeper analysis of their origin
is not planed. Symptoms will be discussed in a later state of the project. At the time of writing, the implemented failure
will defiantly lead to an abort. The decision to be made is now, which trajectory has to be followed that is most fuel
saving to allow for multiply approaches.

Safety

As the spacecraft and the rocket body are already idealized as cylinder, they also have a safety area implemented to
avoid collision at any time. This area shall not be penetrated of the other object at any time. Following different safety
requirements, this area can be adopted in size. The safety area for the simulation is visible in the figures of the
following section, as well as results on the propellant consumption for different safety demands.

Connecting points

The simulation is work in progress. While the approach and abort are sufficiently simulated, the failure implementation
or autonomy extension are still pending points. Moreover, parts might need to be adopted to changing requirements.
Thus, object oriented programming shall be aimed for. Having outsourced files allows for a relatively safe change of
parameters, which again will affect the testing itself positively.

4.2 Visualization

Approach

At the time of writing, the simulation uses cylindrical geometry for the target and the main satellite-kit setup.
Accordingly, the data used from the design are the dimensions of the respective object, its mass, its propulsion
capability and the moments of inertia derived from the preliminary 3D-model created. The approach trajectory is based
on the optimization algorithm provided by Gerdts [9] and improved for satellite application by Michael [10], allowing

for an approach of a tumbling target, optimized for fuel consumption. Fig. 4 displays the visual outcome.

As predefined by the CW-equations, the center for relative calculations is within the target - the x-, y-, and z-axes are
presented by the red, blue and green line. The light blue line shows the approach trajectory, the tripods represent the
docking points of the two objects and the yellow line shows their position during the whole approach. As the target
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has an angular velocity, of 1°/s andwv, of 0.5°/s, its yellow line forms a circle. The yellow line of the chaser keeps
pointing towards its targeted docking point.

Fig. 4. Approach trajectory incl. safety areas, following [15]

Fig. 5 shows the same approach as Fig. 4, but adds potential abort trajectories, colored as violet lines. These trajectories
have been calculated beforehand and use the same optimization algorithm as the approach. The approach trajectory
has been discretized into 10 parts, resulting in ten abort trajectories. While an early intervention ends up with the
chaser aborting to its starting point, after about 210 s it is considered safer, to aim for the other side of the object. The
numbers of are based on an approach time of 9 min. It should be added, that the safety area of the objects adapts
according to the trajectory part passed already. The used equation is the following:

s_(t,Err) = max|C_Err-|r”_Err|,s_t |

The closer the chaser gets to the target, the less safety area can be built between the two objects. Therefore, the abort
trajectories draw smaller circles around the target the later the failure occurred and thus the further the chaser
approached on the trajectory. Fig. 6 shows the according fuel consumption (hydrazine). The black dots show the ten
performed steps of Fig. 5, the white dots have been implemented additionally, separating the approach into 20 parts.
While the black dotted line displays the result of very high safety ma@insrépresents the safety factor added and

is a parameter between 1 and 0), a sméllgris displayed in the gray dotted line. The straight horizontal line shows

the propellant consumption without intervention. It will depend on the final safety requirements, which safety
parameter is in favor and how much propellant consumption can be approved. The figures also show, that abort
trajectories should not be repeated too often due to the high propellant requirements. As the safety parameters can be
adapted during the mission, they could be set to smaller values if the mission shows too many required extra approach
attempts.

Fig. 5. Approach trajectory and potential abort trajectories, following [15]
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Fig. 6. Fuel consumption for different abort trajectories. The straight line presents the maneuver without abort,
following [1]

5. CONCLUSION

Simulations for sufficient testing of autonomous processes in Earth’s orbit are work in progress — just as the
development of autonomous spacecraft. Active debris removal needs to be encouraged for a safe and stable space
environment, thus the simulation presented in this work concentrates on the approach of an uncooperative tumbling
target. As simulations have to be adapted to a specific mission, the concept of ADReS-A was first presented. The
mission allows for controlled deorbit of SL-8 rocket bodies. Specific parameters of the ADR-missions, such as the
size, geometry and mass of the target and the chaser, as well as the environmental circumstances have been
implemented. Further considerations on different aspects of the simulation are explained, simplifications are named
and intended developments of the model are presented. A first visualization and calculation of trajectories and
propellant consumption was presented. Further input will be made in respect to the failure symptom implementations
and sensor analysis.
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