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  tether	
  systems	
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Space	
  tether	
  system	
  (STS)	
  –	
  mechanical	
  system	
  of	
  rigid	
  bodies	
  moving	
  in	
  
different	
  orbits,	
  and	
  the	
  tethers	
  (cables,	
  ropes)	
  that	
  connect	
  these	
  bodies.	
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Mechanical	
  scheme	
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The	
  system	
  includes	
  a	
  space	
  tug	
  C1,	
  a	
  viscoelas%c	
  tether	
  l	
  	
  and	
  a	
  space	
  debris	
  C2	
  	
  

2 2
03 sin 2gM m l ω α= is	
  gravita%onal	
  moment	
   is	
  thrust	
  F



then	
  we	
  can	
  study	
  an	
  adtude	
  mo%on	
  of	
  the	
  system	
  assuming	
  that	
  
the	
  orbit	
  remains	
  circular	
  
	
   	
   	
   	
   	
   	
  	
  

	
  

The	
  basic	
  assump%ons	
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2.	
  The	
  tether	
  is	
  weightless	
  

1.	
  An	
  accelera%on	
  of	
  the	
  low-­‐thrust	
  tug	
  	
  is	
  very	
  small	
  
( )1 2/Fw F m m g= + =

( )0 0/ 1, / 1l l l d dθ′Δ = − << Δ = Δ <<

3.	
  Tether	
  elonga%on	
  and	
  deriva%ve	
  of	
  the	
  elonga%on	
  are	
  small	
  

0tm =

θwhere	
   is	
  true	
  anomaly	
  	
  



Equa%on	
  of	
  the	
  transverse	
  oscilla%ons	
  of	
  	
  the	
  tether	
  	
  

Mathema%cal	
  model	
  

( ) ( ) /d dθ′ =

(1)	
  

where	
  

Equa%on	
  of	
  the	
  longitudinal	
  	
  oscilla%ons	
  	
  of	
  	
  the	
  tether	
  	
  	
  

(2)	
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( ) ( ) ( )sin sin 2 sin 1 , ,
1

a b a fα α α α α ε θ α α′Δ′′ ′ ′+ + = Δ + 2 + =
+Δ

( )2 22 cos 1aσ σζ α α′′ ′ ′Δ + Δ+ Δ = + +Δ

( )
( ) ( )

2 3
1 0 0 0

3
0 1 2 1 2 0 0

/ , 3, , / ,

/ , / / , 1

a F m l b r EA m l

m mm m m EAr m l

ω ω µ

σ ω µ ε

−= = = Ω =

= + =Ω = <<

where	
  l0	
  is	
  length	
  of	
  the	
  unstretched	
  tether,	
  r	
  is	
  orbital	
  radius,	
  EA	
  is	
  a	
  s%ffness	
  of	
  
the	
  tether,	
  	
  	
  	
  	
  	
  is	
  damping	
  ra%o	
  of	
  the	
  tether	
  ζ
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  Equilibrium	
  	
  Posi%ons	
   	
  8	
  	
  

For	
  the	
  undisturbed	
  mo%on	
  	
  ( )0ε =

( ) ( ) ( )0 sin sin2m m a bα αα α α α α′′− = = − +⎡ ⎤⎣ ⎦

Bifurca-on	
  diagram	
  	
  

( )21 0/ 6a F ml ω= < then	
  If	
  

arccos
2s
a
b

α ⎛ ⎞= ± −⎜ ⎟⎝ ⎠
0uα =

( )21 0/ 6a F ml ω= >If	
   then	
  

0sα =

and	
  the	
  unstable	
  equilibrium	
  
posi%on	
  does	
  not	
  exist	
  



	
  The	
  	
  Equilibrium	
  	
  Posi%ons	
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The	
  poten%al	
  energy	
  

( ) ( )
2cos cos

W m d

a b
αα α α

α α

= −

= − −
∫

5.96055, 3a b= = −

The	
  biharmonic	
  moment	
  

( )/d d Sα θ α=

The	
  separatrices	
  	
  

for	
  

( ) ( )sin sin 2m a bα α α α= − +



	
  Chaos	
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Then	
  chaos	
  becomes	
  possible	
  

( ) ( ) ( )0exp sinA Cθ σζθ λθ φΔ = − + +

and	
  if	
  

An	
  approximate	
  solu%on	
  of	
  Eq.	
  (2)	
  takes	
  the	
  form	
  

Equa%on	
  (1)	
  describes	
  the	
  perturbed	
  mo%on	
  

( ) ( )sin sin 2 sin 1
1

a b aα α α α α′Δ′′ ′+ + = Δ + 2 +
+Δ

( )21 0/ 2 6a F ml bω= < − =



Poincare	
  sec%ons	
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= 0.04ζ

Poincaré	
  surfaces	
  of	
  sec%on	
  are	
  used	
  to	
  reveal	
  the	
  existence	
  of	
  a	
  stochas%c	
  
layer	
  in	
  the	
  presence	
  of	
  damping	
  of	
  the	
  tether	
  

( )21 0/ 5.5 2a F ml bω= = < ( )21 0/ 5.5 2a F ml bω= = <



The	
  results	
  of	
  this	
  study	
  suggest	
  that	
  a	
  	
  chaos	
  	
  can	
  be	
  observed	
  	
  
for	
  the	
  mo%on	
  of	
  the	
  tethered	
  tug-­‐debris	
  system	
  caused	
  by	
  
longitudinal	
  oscilla%ons	
  of	
  the	
  viscoelas%c	
  tether	
  

Conclusion	
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Furthermore,	
  we	
  have	
  found	
  the	
  analy%cal	
  criteria	
  for	
  
determining	
  the	
  characteris%cs	
  of	
  the	
  tethered	
  system	
  in	
  which	
  
chaos	
  does	
  not	
  exist	
  

We	
  have	
  studied	
  numerically	
  the	
  adtude	
  mo%on	
  dynamics	
  by	
  
using	
  construc%on	
  of	
  Poincare	
  sec%ons.	
  



	
  	
   	
  13	
  	
  

4	
  

Thank	
  you	
  

Vladimir	
  S.	
  Aslanov	
  	
  	
  	
  	
  
aslanov_vs@mail.ru	
  	
  	
  hKp://aslanov.ssau.ru	
  	
  

Evgeniy	
  V.	
  Aslanov	
  	
  	
  	
  	
  
aslanov.ev@gmail.com	
  	
  


