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S - Tug-Tether-Debris system

SSAU

Debris with flexible appendages

and/or fuel residuals

Tether (~10° m)

Tug

Tether control
device
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S - Space tether systems

Space tether system (STS) — mechanical system of rigid bodies moving in
different orbits, and the tethers (cables, ropes) that connect these bodies.

N

Konstantm Tsmlkovsky Viadimir Beletskii

Dynamics of STS has been studied by: Beletsky V. V., Levin E. M., Cartmell M.P., Cosmo
M.L., Lorenzini E.C., Misra A.K., Modi. V.J., Williams P., Kruijff M., Fujii H. A.,
Edwards B. C., Kumar K. D., Kumar R., McCoy J. E., Sorensen K., Zimmermann F. et al.
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=

Mg — 3m012a)2 Sin 2 is gravitational moment F is thrust
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S The basic assumptions

SSAU

1. An acceleration of the low-thrust tug is very small
wp=F/(m+m,)= g

then we can study an attitude motion of the system assuming that
the orbit remains circular

2. The tether is weightless
m, =0

3. Tether elongation and derivative of the elongation are small

A=(1—-1))/1,<<1, N =dA/dO<<]1

where € s true anomaly
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& Mathematical model

Equation of the transverse oscillations of the tether

(+1)=¢ef(6,,c) (1)

o +asinax+bsin2c=Aasina+2
(1+A)

Equation of the longitudinal oscillations of the tether

A" +0°A+200N =acosor+(1+A) o (2)

’

where () =d( )/dé

a=F/(mla), b=3, o=Jur”, Q=/EA/m,,

my =mm, [ (m, +m,), O':Q/a):\/EAr3 [ (mlyut), €<<1

where /,is length of the unstretched tether, r is orbital radius, EA is a stiffness of
the tether, g is damping ratio of the tether
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S The Equilibrium Positions

SSAU

For the undisturbed motion (8 =O)
o —m, () =0 [ m, (o) =—(asina+bsin2a) ]

Bifurcation diagram
If a =F/(mloaf) <6 then a . rad

a E
a, :iarccos(—z—b] Lol

o,=0 05l

if a=F/(ml,&’)>6 then

as — O —0.5 i

and the unstable equilibrium —1-0;‘
position does not exist

—15¢
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S The Equilibrium Positions

SSAU

(a)

The biharmonic moment

o, rad
0.2

m, (o¢)=—(asina+bsin2a)

The potential energy

W(or)= —jma (ox)do

=—acosa—bcos’ o

(®)

The separatrices

do/d6=S(c)

o, rad
0.2

©)

o, rad
0.2

for a=5.96055, b=-3
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An approximate solution of Eq. (2) takes the form

A(6)= Aexp(-040)sin(A60+¢,)+C

Equation (1) describes the perturbed motion

’

o +asina+bsin2a =Aasinax+2

(=) (o +1)

and if

a=F/(mlloa)2)<—2b=6

Then chaos becomes possible
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Poincare sections

Poincaré surfaces of section are used to reveal the existence of a stochastic

layer in the presence of damping of the tether
=0.04

a=F/(ml,@)=55<2b a=F/(ml,@)=55<2b
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Conclusion

The results of this study suggest that a chaos can be observed

for the motion of the tethered tug-debris system caused by
longitudinal oscillations of the viscoelastic tether

We have studied numerically the attitude motion dynamics by
using construction of Poincare sections.

Furthermore, we have found the analytical criteria for

determining the characteristics of the tethered system in which
chaos does not exist

Prof. Vladimir Aslanov | aslanov.ssau.ru Samara State Aerospace University | www.ssau.ru



Thank you

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

Evgeniy V. Aslanov
aslanov.ev@gmail.com

Prof. Vladimir Aslanov | aslanov.ssau.ru Samara State Aerospace University | www.ssau.ru



