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WaterCube+ Deorbiting Module @7~

e Funded by ESA through the “Disruptive Propulsion Technologies for
CubeSat De-Orbiting” tender

e To ensure compliance with ESA's 5-year deorbiting requirement

POLITECNICO
MILANO 1863

Chemical Propulsion
Module (CPM)

Resistojet Propulsion
Module (RPM)

TRL 4 summer 2026
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Resistojet Propulsion Module - RPM @
The WaterCube+ Resistojet Propulsion Module builds on the proven heritage
of Capsule Corporation's WaterCube propulsion system, retaining its water-

based architecture and propulsion performance.

.
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-

Thrust 4 mN
Specific impulse 95s
Propellant (water) 0.5 kg
Firing time 32.35 h
WaterCube
TRL 7 RPM
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Chemical Propulsion Module -cPM ©™

The WaterCube+ Chemical Propulsion Module exploits water-aluminum
reactions to enhance thrust and specific impulse. Due to the oxidation
process, only 68% of the reacting water mass is expelled through the nozzle.

The analysis has been performed using preliminary estimates of the
flight model specifications:

Thrust Specific impulse | Propellant (water) Firing time

0.5 N 140 s 0.5 kg 934 s

CPM
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Deorbiting manoeuvre assumptions ©

e At initial time: Altitude | Inclination Spacecraft Mass

520 km 97.5 deg 25 kg (1 kg of water)

e During propagation:

The atmospheric density is computed using the NRLMSISE-OO atmospheric
model, driven by NOAA predicted low solar activity indices. Since reduced
atmospheric density decreases aerodynamic drag, this assumption
maximizes the predicted orbital decay time and therefore represents a worst-
case deorbiting scenario, providing a conservative assessment of the
WaterCube+ deorbiting capability.
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Deorbiting manoeuvre strategy

ESA-DRAMA

Deorbiting Electric propulsion
manoeuvre from the second
orbit.

_>

DEBRIS RISK ASSESSMENT
AND MITIGATION ANALYSIS

e i i bl o i i v

OSCAR MODULE

Chemical propulsion is fired at apogee until BElectrical propulsion is fired for 3 minutes at
the propellant allocated to the chemical each successive apogee until the propellant
module is depleted - burning time =934 s allocated to the resistojet module is depleted.
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Preliminary analysis - orbital motion @
A preliminary analysis is performed using the deorbiting manoeuvre strategy,

neglecting the spacecraft attitude and imposing the thrust direction directly
opposite to the velocity vector.

ESA-DRAMA

DEBRIS RISK ASSESSMENT
AND MITIGATION ANALYSIS

Deorbiting Deorbiting OUTPUTS used as

manoeuvre manoeuvre
start strategy

ESA DRAMA
INPUTS

01/01/2026 i ¢

Final Keplerian elements and
exact epoch of the last orbit

OSCAR MODULE
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Preliminary analysis - results (1/3) (

DR AMA
OSCAR - Orbital Spacecraft Active Removal
Altitude vs. Time

Ry
Deorbiting from 1
January 2026 to 8 June
2045 in the case of no

thrust being applied.
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Preliminary analysis - results (2/3) (“ﬁ”ﬁ*w

First orbit — chemical firing position

Full orbit (Keplerian)
Coasting (Keplerian)

Chem burn 0.50 N (933.6 s)
Burn start t=2379.7 s

Burn end t=33133s

Orbit start (perigee)

N
o
o
o

The chemical thruster
firing occurs in the first
orbit on 1 January 2026.
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Preliminary analysis - results (3/3) (

DRAMA
OSCAR - Orbital Spacecraft Active Removal
Altitude vs. Time

The last thruster firing is
scheduled for 23 January
2026. The deorbiting
maneuver will continue
until 6 July 2030.
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Coupled equations of motion i

v
To ensure that the

BN 1 ad required retrograde thrust
U Tinax direction is maintained
Lsp g0 throughout the propulsion
J= ((Jw X w) + Jw+d+ 11) firing arcs, a coupled
attitude-orbit analysis is
necessary.

o H AT u ija,}{ o
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Attitude Control strategy (GG

Pointing error on thrust direction

. . Desaturation
minimized continuously over the 4—
| » manoeuvre
entire deorbiting manoeuvre

Lyapunov control
Reaction wheels pyramidal

*

configuration to control Is desaturation necessary?

Spacecraft attitude
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Desaturation strategy (“%%“ﬂ%%m

-

The magnetorquers successfully perform a desaturation manoeuvre when a
reaction wheel reaches the chosen limit value of angular momentum, in this

case fixed at 40 mNms.

— max|h_i| RW limit = 50 mNms
--= Higher bound = 40 mNms MTQ desaturation ON

£
=
E
;
=
E3
©
=

MTQ state
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Final results @

-

The coupled attitude-orbit analysis confirms the preliminary results, with a
slight increase in deorbiting duration due to the residual pointing error
during thrusting.

—— pointing error electric burn
chemical burn
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Final results @

-

DR AMA
OSCAR - Orbital Spacecraft Active Removal
Altitude vs. Time

The deorbiting

maneuver lasts until 2
August 2030.
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Passivation

Objective

Reduce residual stored energy at end of life by venting remaining water
propellant and depressurizing the MWT/feed lines, in compliance with
debris mitigation principles.

Strategy
Residual water propellant is passivated through the RPM line, avoiding a
dedicated venting channel and minimizing system complexity.
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Passivation

Baseline strategy: RPM-based venting

The preferred passivation path is the RPM line, used as the primary venting
channel for residual water. No dedicated venting hardware, reducing mass,
interfaces, leakage points, and failure modes.

Why RPM is preferred

It allows liquid-phase discharge, which provides a higher mass flow rate
than vapor-only venting under comparable pressure conditions. This
simplifies and shortens the passivation sequence.
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Passivation &
Alternative path: CPM line

CPM-based venting is technically possible if the water mass flow rate is
controlled. However, since CPM includes the aluminium fuel bed, it
introduces higher operational risks. The fuel is not intrinsically
hazardous with water, but RPM is the safer and simpler option.

Preferred approach: isolate CPM and vent residual propellant through
RPM to achieve a safe post-mission configuration.

Venting can be achieved with an impulsive maneuvre.
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Thank you for your attention

CONTACTS:
@ info@capsule-corp.biz LinkedIn Website
&) francesco.marino@capsule-corp.biz IEI = Eﬂ:'ﬂi!%l
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Nizzola@capsule-corp.biz

uca.scudier@capsule-corp.biz
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Euler’s equations components
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Desaturation strategies @
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Desaturation strategy Pros Cons

Simple and robust control
Excellent pointing
performance during
observations

Dedicated Desaturation Phase » Loss of operational time

* MTQ always active

* No mission interruption : = .
P » Possible pointing degradation

Continuous Desaturation « Reaction wheel momentum :
» Desaturation even when
always low
unnecessary
: » No mission interruption * More complex logic
Desaturation when the upper bound of . . e :
, i  Desaturation only when » Slight pointing degradation
the RWs' angular momentum is reached . .
needed during unloading
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RWs angular momentum evolution
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