
ISS Free Flying Experiment for 
Active Debris Removal

May 24, 2016

ESA Cleanspace W orkshop



Project Introduction

• The objective  of the  study is to:
– define  requirements/constra ints,
– Highlight the  limita tions of free-flying experiments 

in ISS, a nd
– crea te  a  test-pla n,

• for a  free  flying ISS experiment tha t controls two 
spheres or cubes connected to ea ch other by a  tether, 
simula ting the  Ta rget Sta bilisa tion Pha se  a nd the  
Disposa l pha se  of a  debris ca ptured by the  e .deorbit
mission using a  net.



Study ISS free flying experiment 
capabilities

• 6 month activity
• Study the capabilities of free flying 

ISS experiments already conducted
• Analyse constraints (e.g. limited 

space, short experiment duration, 
etc.), failures, deficiencies (resolution 
of accelerometers, etc.), relatively 
high MIB of thrusters etc., applicable 
to those experiments

• Propose ADR free flying ISS 
experiments

• Use results for e.Deorbit mission



SPHERES Specification

• SPHERES a re  footba ll-sized na no-sa te llites, currently three  a boa rd the  ISS a nd 
on ground respective ly

• The  built-in na viga tion system consists of a  custom pseudo-GPS ba sed on 
ultra sound bea cons a nd sensors. 

• The  bea cons a re  loca ted a t the  borders of the  test volume such a s the  wa lls of 
the  Ja pa nese  Experiment Module  (JEM). 

• The  sensor fusion is done  by a n Extended Ka lma n Filte r (EKF), rea ching a  
precision in the  vicinity of 10-3 m 



Possible ISS/SPHERES tests for ADR

• Precision rendezvous-docking, close  a pproa ch
• Sensor fusion
• Forma tion flying with debris (co-rota tion)
• Ca pture  of uncoopera tive  ta rgets (e .g. robotic a rm, ha rpoon, net)
• Towing of debris with tether
• Ta rget (debris) detection a nd cha ra cte risa tion (rota tion ra tes, ra nging)
• Enha ncement of SPHERES with ADR re la ted technology/sensors such a s 

LIDAR sensors
• Tether experiments using SPHERES pla nned for 2016 on ISS



ISS Modules/Testing

• The  KIBO PM module  is one  of the  la rgest volumes on ISS a nd the  current 
volume set for SPHERES experiments is 2 m3. 

• Initia l resea rch a nd discussions with NASA/Ames which ha ndles/ma na ges ISS 
experiments indica tes tha t the  volume for experiments ca n potentia l increa se  
to more than 2 x 2 x 6 m (24 m3) for a short ADR test campaign





SPHERES Follow-Up: Astrobee
A new free -flye r on ISS

• Developed by NASA Ames, to be  la unched to ISS in 2017
• Bette r performa nce  (a ttitude /position) tha n SPHERES 
• Ca n be  used for forma tion flying/ADR experiments
• Ea sy to a da pt for ADR pa yloa ds: tethers, grippers, GNC modules



European Free-flye r technology

• The  la st deca de  ha s seen the  design, 
ma nufa cture , testing a nd successful 
opera tion of ma ny na nosa te llites or 
‘cubesa ts’ with full 3-a xis control, high 
a ccura cy pointing (sub-degree), 
propulsion ca pa bilities (cold ga s, colloid, 
MEMS) a nd with rendezvous a nd 
docking ca pa bilitie s 

• Off the  she lf technologies exist which 
ca n be  used to design a  future  ISS 
inte rna l or exte rna l free -flyer set of 
cubesa ts which ca n perform 
experiments inside  the  ISS or in the  
vicinity of the  ISS a nd return to the  
ISS/dock a fte r the  end of running 
experiments such a s for ADR. 

https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSpLmWs5XMAhXCbRQKHfyxDMUQjRwIBw&url=http://spaceref.com/nasa-hack-space/deploying-cubesats-from-the-iss.html&psig=AFQjCNHaGHgV6nfMTGXsC1GDzeQUaxgjiw&ust=1460973116516072
https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSpLmWs5XMAhXCbRQKHfyxDMUQjRwIBw&url=http://spaceref.com/nasa-hack-space/deploying-cubesats-from-the-iss.html&psig=AFQjCNHaGHgV6nfMTGXsC1GDzeQUaxgjiw&ust=1460973116516072


Free Flying ISS Experiment 
Constra ints 

• There  a re  severa l constra ints which need ca re ful considera tion when one  
wa nts to perform the  free  flyer experiments using the  MIT SPHERES on-
boa rd the  ISS:
– SPHERES thruste r ca pa bilities
– Limited spa ce /volume a va ila ble
– Limited time  a va ila ble  for the  experiments/a strona ut support
– SPHERES na viga tion system performa nce

• Ana lysis of the  constra ints is supported with the  simula tion results showing 
the ir impa ct on the  design of the  experiments.

• A simple  MATLAB/Simulink ISS/Spheres/ADR simula tor ha s been deve loped 
to a na lyse  the  a bove  constra ints a nd to a na lyse /eva lua te  the  possibility 
of rea listic ADR experiments using SPHERES on the  ISS



ADR Scenario: 
Pa ssive  sa te llite /spa ce  tug Dyna mics

• Mission Concept: Once the tether is 
attached to the target, we fire the main 
thrusters to lower the orbit’s perigee and 
speed up the atmospheric re-entry.

• Tether parameters (length, stiffness, cross-
section, damping) influence on the 
dynamics when the constant thrust is 
applied have been investigated.

• Tether discretized into 2 point masses
(3 links)

• Stiffness and damping included
• Tether force is 0 when there is slack



Thrust Limitation Simulation (i)
PW M a nd thruste rs quiet time  included in (b) a nd (d)



Thrust Limitation Simulation (ii)
Attitude  of the  Tug a nd Debris in ISS fra me
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Thrust Limitation Simulation (iii)
Re la tive  dista nce , tension a nd globa l position 
in ISS fra me
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Limited Volume/Time Simulation 

• SPHERES experiments a re  proposed to ta ke  
pla ce  in the  Ja pa nese  ‘KIBO’ module  on the  
ISS. 

• The  current a va ila ble  volume is 2 m3 with the  
potentia l to increa se  to 2 m x 2 m x 6 m (24 
m3). 

• Using a  la rger volume is pre fe ra ble , since  it 
a llows for bette r fide lity of the  a na lysed 
scena rio. 

• W hen the  limited spa ce  is of crucia l 
importa nce , the  tug SPHERE ca n be  
a tta ched to the  wa ll-mounted ta rget SPHERE 
using a  set of gimba ls with a ctive  joints

• The  ta rget SPHERE ca n be  given a n initia l 
a ttitude  a nd a ngula r ra te  with a  very high 
leve l of precision a nd repea ta bility



Limited Volume/Time Simulation 
Sta bilisa tion a fte r de -orbit burn

• Initia l a ttitude  a nd a ngula r ra tes of the  tug 
a nd debris were  a ssumed to be  0 in the  
ISS fra me a nd initia l tether e longa tion wa s 
equa l to 1%, which corresponds to 1 cm. 

• Initia lly, a  step input of 0.2 N wa s a pplied 
for 0.5 s a nd a fte rwa rds re la tive  dista nce  
control a nd a ttitude  sta bilisa tion were  
performed. 

• This scenario can simulate the stabilisation 
of the system after the main engine cut-
off following the de-orbit burn. The test 
was run for 40 s. 

• During the stabilisation phase, the nominal 
thrust is 0.2 N, which results in the nominal 
force and torque equal 0.2 N and 0.02 
Nm, respectively





Simulation
SPHERES case with tether slack

• SPHERES case with tether slack

• Energy
• Environment 
• Health 
• Management
• Manufacturing 



Simulation
SPHERES case with tether slack
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Project Current status - Findings

• Project shows already, that realistic, practical ADR experiments can help 
ADR research and e.Deorbit mission design

• ISS SPHERES experiments w ith existing hardware can provide useful ADR 
tether dynamics/mission information and help ADR technology 
development at low cost and with a quick turn around (months)



Project Current status – Next 
Steps

• The next on-going steps consist in
– Scaling of e.deorbit mission parameters to the SPHERES experiment
– Definition of SPHERES test scenarios, including test objectives, set-up 

and hardware and software configuration



Thank you!

• For more  informa tion conta ct:
Prof A. Tsourdos, email: a.tsourdos@cranfield.ac.uk

Join Cranfield! The New Aerospace Integration Research Centre
Opening in 2016

mailto:a.tsourdos@cranfield.ac.uk
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