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INTRODUCTION

The goal of this researchproject is to study, with both numerical simulationsand
laboratory testing, viable strategies for spacecraftRendezVousand Docking(RVD)
manoeuvresexploiting electro-magneticinteractions.

Theobjectivesof this researchprojectare:

1) the developmentof dynamicalmodels of electromagneticclose formation
flight for RVDapplicationsandtheir verificationthroughexperiments;

2) the development and experimental verification in relevant environment
(micro-gravity)of electromagneticsoft dockinginterfaces.

Objectives
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INTRODUCTION
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INTRODUCTION

Perspective Applications Investigated 

PACMAN TED 
Features

1) A testingchamberin whicha 1U CubeSatwill be

free to float

2) 1U CubeSatequippedwith a closed-loop system

for proximity guidance based on

electromagneticcoils

3) SUPPORT ELECTRONICSfor experiment

monitoringandάŜȄǘŜǊƴŀƭremoteŎƻƴǘǊƻƭέ

Features

1) Tethered electromagneticprobe ejected by the

chaser toward a receiving electromagnetic

interfacemountedon the target spacecraft

2) Automaticalignmentbetween the two interfaces

exploitingthe magneticinteractions

3) Harddockingaccomplishedby tether retrieval



Work Done

VElectromagnetic interactions

Ç Dipole model

Ç Dipoles dynamics

VTether

Ç Dumbell model

Ç Deployment dynamics

VTED simulations

VExperimental setup

Ç ESA Drop Your Thesis programme: PACMAN

Ç ESA Fly Your Thesis programme: PACMAN Pre-Selection

Ç Low friction table

VActivities connected to the research

Ç OnOrbit project

Current situation

VESA Fly Your Thesis programme

Future works
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CONTENT
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Objective 2
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WORK DONE

Electromagnetic interactions
Dipole model

Attitude
Described through the second cardinal equation and the  magnetic interaction between the dipoles

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

Å The first order expansion of the Taylor series is known as the far-field model (or magnetic dipole 
assumption)

Å This model provides an analytical solutionand it is easy to implement 
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WORK DONE

Electromagnetic interactions
Dipoles dynamics

Å Magneticdipoles: two coppercoils
Å Diameter: 50mm
Å Turns: 480
Å Mass: 0.081kg
Å Current: 0.5 A
Å Power: 1 W
Å Distance: 0.2 m
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Electromagnetic interactions
Dipoles dynamics

WORK DONE

Å Magneticdipoles: two coppercoils
Å Diameter: 50mm
Å Turns: 480
Å Mass: 0.081kg
Å Current: 0.5 A
Å Power: 1 W
Å Probec.o.m.: (-0.1,-0.02,-0.02) m
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WORK DONE

Tether
Varyng length dumbbell model

Attitude
Described by three variables: length l, in-plane libration angle  and out-of-plane libration angle ˒



11/23

WORK DONE

Tether
Deployment Dynamics

2 
Along the local vertical

(R-bar approach, STABLE)

2
Along the local horizontal

(V-bar approach, UNSTABLE)

Orbit

Local 
vertical

Local 
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2
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Local vertical
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4

Electromagnetic probe with relevant velocity
Docking manoeuvre performed once per orbit

Reliability: in case of an unsuccessful deployment, 
the tether can be rewound and deployed again 

without waiting an entire orbital period



R-bar Approach

Spacecraft orbit: circular (600 and 600.06025 km)
Distance Target-Chaser: 60.25 m

Deployment velocity of the tether: 0.075 m/s 
Total deployment time: 1458s (~ 25 min) 

Final tether length: 146.4 m
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WORK DONE

V-bar Approach

Spacecraft orbit: circular (600 km)
Distance Target-Chaser: 175.4 m

Deployment velocity of the tether: 0.075 m/s 
Total deployment time: 1786 s (~ 30 min) 

Final tether length: 176 m

TED Simulations
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WORK DONE

Experimental Setup
ESA Drop Your Thesis! 2016 programme - PACMAN

Perform scientific or technological research in microgravity conditions (10-6 g for about 5 
to 10 seconds)using ZARM Drop tower 

The design of the 
electromagnetic interfaces 

together with the 
experimental setup have 

been carried out during the 
proposal writing
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WORK DONE

Experimental Setup
ESA Fly Your Thesis! 2017 programme - PACMAN Pre-Selection

Perform scientific or technological research in low-gravity conditions (10-3 g for about 10 
to 20 seconds)using Airbus A310 Zero-G airplane. Each campaign consists of a series of 

three flights of 30 parabolas each.


