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Objectives

The goal of this researchproject is to study, with both numerical simulationsand
laboratory testing, viable strategiesfor spacecraftRendezVousnd Docking (RVD)
manoeuvregxploiting electromagneticinteractions.

Theobjectivesof this researchprojectare:

1) the|developmentof dynamicalmodeldof electromagneticclose formation
flight for RVDapplicationsandtheir verificationthrough experiments

2) the development and experimentaj verification in relevant environment}
(micro-gravity)of electromagneticsoft dockinginterfaces
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Perspective Applications Investigated

Features Features
1) Atestingchamberin whicha 1U CubeSawill be 1) Tethered electromagneticprobe ejected by the
freeto float chaser toward a receiving electromagnetic
2)  1U CubeSatquippedwith a closedloop system interfacemountedon the target spacecratft
for proximity guidance based on 2) Automaticalignmentbetweenthe two interfaces
electromagneticoils exploitingthe magneticinteractions
3) SUPPORT ELECTRONICSfor experiment 3) Harddockingaccomplishedy tether retrieval
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TARGET
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ON-BOARD CAMERA
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Work Done Objective 1

(v Electromagnetic interactions =)

C Dipole model
C Dipoles dynamics

V Tether > 5 months
C Dumbell model

C Deployment dynamiJs

VTED simulations Objective 2

J \

&, Experimental setup

C ESA Drop Your Thesis programme: PACMAN

C ESA Fly Your Thesis programme: PACMAIS&eetion
C Low friction table

> 4 months
V Activities connected to the research
C OnOrbit project

Current situation
V ESAFEly Your Thesigrogramme —> 1 month

Future works
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Electromaqgnetic interactions
Dipole model

A The exact solution of the magnetic field equations contains integrals that cannot be solved
analytically

A Thefirst order expansion of the Taylor series is known as théidé model (or magnetic dipole
assumption)

A Thismodel provides an analyticablutionand it is easy to implement

O
!

Attitude
Described through the second cardinal equation and the magnetic interaction between the dipole
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Electromaqgnetic interactions
Dipoles dynamics

Velocities along X axis
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Electromaqgnetic interactions
Dipoles dynamics

Position Z [m]

Magneticdipoles two coppercoils
Diameter 50 mm

Turns 480

Mass 0.081kg

Qurrent: 0.5 A

Power 1 W

Probec.o.m.: (-0.1,-0.02,-0.02) m
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Tether
Varyng length dumbbell model

Attitude
Describedoy threevariablesiengthl, in-planelibrationangle andout-of-planelibration angle.
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Tether

Deployment Dynamics

2 2
Along the local vertical Along the local horizontal
(Rbar approach, STABLE) (V-bar approach, UNSTABLE)
19 Local
A vertical
Local vertical 4
B Orbit Local
..... — Horment
horizontal
3
2
Electromagnetic probe with relevant velocity Reliability:in case of an unsuccessful deployment,
Docking manoeuvre performed once per orbit the tether can be rewound and deployed again

without waiting an entire orbital period
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TED Simulations

R-bar Approach V-bar Approach
Spacecratft orbit: circular (600 and 600.06025 km) Spacecratft orbit: circular (600 km)
Distance Targe€Chaser: 60.25 m Distance Targe€Chaser: 175.4 m

CHASER CHASER

100

4]
=]

Distance [m]

= TARGET
Mo e 78%15523 [mf oEor® Distance [m]
Deployment velocity of the tether: 0.075 m/s Deployment velocity of the tether: 0.075 m/s
Total deployment time: 1458s (~ 25 min) Total deployment time: 1786 s (~ 30 min)
Final tether length: 146.4 m Final tether length: 176 m
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Work Done

Objective 2

(" VExperimental setup h

C ESA Drop Your Thesis programme: PACMAN
C ESA Fly Your Thesis programme: PACMAIS&eetion
C Low friction table

> 4 months

V Activities connected to the research
C OnOrbit project
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Experimental Setup
ESADrop Your Thesis! 20pBogramme- PACMAN

Perform scientific or technological researchnmcrogravity condition§10° g for about 5
to 10 secondslising ZARM Drop tower

cesa dcesa

ESA-DGC-DET-2015-1322

. Team’s Name: PACMAN
Drop your Thesis! 2016 § .

3 Title of the project: Position and Coatrol with MAgnetic Navigation
Experiment Proposal
Contact e-mail address;

Instructions for the Experiment Proposal:

The Experiment Proposal should focus on the scientific and/or technology-related objectives of the project -
12d on the technical deals o the implementaton of the experment. Ia tbes words, the participants ave

: The design of the
g :I:ilif’“;?;;'“itii:f“i::‘f;‘::ii"f:;‘w"‘»»' - va . electromagnetic interfaces

cientific iterature to see whether some work has already been done on lha same tog
References to literature are essential in order for you to d g

t status of research in this field. ; . A : t th th th
:e;;mmtr:opo: m:.ho e)wl.\m the ot v & isgmeie wi ) 2 B, including: information about the team Oge er WI e

articularly, the relevance of using the y der ionalit ties) what experiment you would like to perform,
soted that the ZARM Drop Tower offer: : the d Q

; a B nmen! the need for microgravity and a drop tower, the H t I t h
i e 04 s S VS - =l » “pectd ouconcy ¥ possibe fuureappications ITPORTANT: The deseripton experimental Setup nave
itis mmm that lpplul:n(; m:ﬂ in full d Man engineering or scientific background.

IR e SIS ' AR PRy been carriecbut during the

whose
he text of the propasal should be well written, wililkructured an , vl a intelligible to skogracily oudiions s falegraied mata o DicalimRy SeriEaticn aad soft docking based on mAGIAS

cientists of various fields and engineers with a genl i 5 P interactions, suitable for small-scale spacecraft. This will be a oomplxshtd v sending a miniature spacecraft e
: . e et by B o e i g proposaiwriting
R 8 b, on-] e spacecraft mock-up, assists y -ated locakization sensors, w to control its
T B L e e Iy attitode and position relative to the target, External cameras will be used to monitor the experiment during
wedi o Office’s the tests in microgravity.
2 v 3 G tieas ¥ “The realization of the PACMAN experiment will allow to stady the bebaviour of a miniature spacecraft
b ZARM oo il subjected to controlled magnetic interactions in microgravity conditions and to validate the theoretical

T oy e £t Rumerical modals that describe such intaractions. Data collected during the experiment testing will allow to
Ploase compleve:ull tht el in: shis Bupestisant Propossl disument: Thin pioed Bk this assess the system concept feasibility and #s limitations; moreover, the tests results will provide invaluable
ocument AND the Letter of Endorsement to joinspace.esaint in a single zip file. data that will be exploited to improve the proposed technology for future developments. The proposed

technology represents an inmovative solution for proximity navigation manoeuvers for small-scale
cooperative spacecraft; the purely magnetic attitude and position control, as well as its self-aligning
capability, imply significant mass savings as no ml and thrusters are not employed, making this concept very
advantageous for miniature cooperative spacecraft.

team is composed by four Italian PhD students from CISAS *G. Colombo”, University of Padova.
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Furopesn Space Agency Europesn Space Agen
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Experimental Setup
ESAFly Your Thesis! 20programme- PACMAN Pr&election

Perform scientific or technological researchlow-gravity conditiong103 g for about10
to 20 secondsusing Airbus A310 Zef® airplaneEach campaign consists of a series of
three flights of 30 parabolasach.

TARGET
) ELECTROMAGNET

esa eSa

Fly Your Thesis! 2017
Experiment Proposal

Instructions for the Experi
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