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ABSTRACT

Advanced Mission Scenarios of the THeeely Problenntroduces one of the
classical problems of celestial mechanics through the prism of the proble

astronautics related to the study and colonization of Mars, exploration
space debris, and contactless space transportation technologies

Describing the dynamics of space tether systems and space elevator
gravitational field created by two massive bodies, the book presents

gravitational collector. It provides practical recommendations for the
Implementation of new pioneering missions related to tether transport
vicinity of libration points, the construction of space elevators on plane
and contactless electrostatic and gravitational transportation, including i
context of the space debris problem

This book is intended for space systems and spacecraft engineering indus
and researchers studying space transportation and modern challenges In
astronautics

experts .

https//www.taylorfrancis.com/books/mono/10.1201/9781003643357/advancesionscenarioghreebody-problemviadimir-as
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Chapter 1

Classical Approaches and Methods for Studying
the ThreeBody Problem




The Three-Body Problem
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* m, M, M are masses of the material points
e G=6.67430(15P10" m $§ kdis the gravitational constant

e I, is the position vector afth point Figure 1.1. The three body problem.




The Restricted
Three-Body Problem

.
P
M,2 M _ r = 1.4
\ 1 MM (L9) 1+ecosf 4 ]
/x-zfy Gy px HY )
X
grofx +x 2y B
Z—M K (1.5)
1z
2

f= 2C4esinf(1 a-cosf J
\__P /

® pis thesemilatusrectum

Figure 1.2. Th&xyzreference frame.
e W=U/m

¢ eis the eccentricity of the twibody orbit of the primaries _ _ o _
e U is potential of the gravitational field

e f is the true anomaly
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Jacobi Integral
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Lagrange Libration Points
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Lagrange Libration Points
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Figure 1.4. The function (1.12) constructed for various values of
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The Hill sphereis the spacearoundan astronomicalobject (suchasa
planet)in whichit is ableto holdits satellitedespitethe gravitationalpull
of theobjectaroundwhichit orbits

~

1\ _J
o 1/3 1/3 1/3
o, &M 0 oy A p e
r rg% 6 Q(l-e) 3@_38 Oaggo . (1.13)
Zero-Relative-Velocity Surfaces L3 e
NP ===\
W7 ==
p N 05 //%A\&Q\
2 2(1- m 2 m _ i - I\
X+ h + —— : C (114 =0 { N
Jox+ W+ Pz xDm P+ h o+ e \\\\& /%}
K ) ) N _//
Figure 1.5. Intersection of zexelocity surfaces with the plaze=0 \Eg/
for different values of Jacoby integ@l . -1.5 -1 -0.5 05 1 15

J O



Periodic Orbits




Quastsatellite orbits
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A quastsatellite orbit (QSO) in a planetmoon systemcan be 0.5
defined as an orbit that is in resonancewith the mo o nodosal

motion aroundthe planet Thesetypesof orbits are locatedfarther = 0
awaythanthe coplanarlibration pointsLi, L..
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Figure 1.6 Quastsatellite orbits around the Moon
obtained for different resonance ratios




Chaos In the restricted threebody
problem




Chapter 2

Space Tether Systems

for MarsPhobos Exploration




2.1. Application of tether systems fixed
at the L, libration point and at quastsatellite orbits




Deployment Stabilization Maintaining

Figure 2.1 Concept art of PHLOTE mission Figure 2.2The scheme of the proposed mission
to explore the surface of Phobos. to explore the surface of Phobos.



2.2. A space tether system as a pendulum
fixed at the L1 libration point




Constant-length tether oscillations [ L = const | =const (2.1) ]

_ Scosqg m 1- m
W(q) - I 5 5 2 2 2 (2'2)
I\/I +(m41 ¥ 2 m - )sos Icf\/ +( +p B( + ) mos.
e (I, @) are polar coordinates of the small body
e W(Q) is the dependence of the potential enéiggn the angleq
10 6
8 \\xi 4 /,/,;:::;L;\\\/\& e R
6P —— " VB N —— N A 2 .,/; — \“‘; e /,\\i/ — ) ( - ’W’ —.VI/\'\ ;*\~.
3 4__> ____________ /___\ 1 /___\ ____________ _/___ & G \VL«W—W> » ¢; N2 ALS BRI
2PN/ TN/ TN/ B RN % S S 0 N
, W N N L L N R KA RN S b
2 -6
-371/2 -7 -1/2 0 /2 T 3n/2 -371/2 -TC -T1/2 0 T2 T 37m/2
0 (rad) 0 (rad)

Figure 2.3Dependences of the potential energy and the corresponding phase portrait
for various levels of energy for the tether length.



The tension force control for the tether deployment, angular stabilization
and maintaining the required distance above the moon surface

Stagel. Tetherdeploymentfrom the orbiter to a given length At : > T, =k, (I ] ) .l (2.3)
the endof the deploymentthe tetherrateshouldbe zera 1 f v '
Stage 2. The angularstabilizationof the end body relative to the .

lower stable equilibrium position (g =0) closestto the mo o n B= > T, =k, &l- (If +/ gisin ()’ﬁ+ Kyl (2.4)
surface

Stage3. Maintaininga constantaltitude betweenrthe lower end of & &4 1-s 50

the tethersystemandthe mo o rsurfaceto counteracthe change | > T,=ky ¢l . py— d o)k li (2.5)
In altitude dueto pulsationin the L1 libration point position e ¢ ~u



Numerical simulation of the mission to explore the surface of Phobos under the L1
libration point
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Figure 2.5. The tether deployment length and the oscillation angle

Figure 2.4. The tether deployment length and the oscillation angle
of the tether for the ejection velocity.

of the tether for different initial ejection angles.



Numerical simulation of the mission to explore the surface of Phobos under the L1
libration point

Stage2 Stage3
(@ 1 (b) 3500
051 3250
:g:./ 0 \[\l\ /\ /\ / \ /\ /\ /\ A [\ E 3000 nM \}’\IAVAVAVAVAV AAAAAARAAAAA
= VVVVVVVV VUVY 3 L (8) 0.015 (b) 3600 TN
-0 st 0.1 A A 3500 7 \
41 2500 ~0.05 \ \ \ 3400
0 5 10 15 20 0 5 10 15 20 0 /NN TN = / \
- /e = AW AAW LW ELW E R=tven BV \
Figure 2.6. Tether angular stabilization towards Phobos. e
o ] MV IV IV E 0l \
(a) (b) 3: .
) 4H . 0'150 n2 m  3m2 2n 30000 n2 m  3m2 2n
< M ... e e
§ UL LA ARRR (AR §3OOOMWWW """"""""""""""""""""""""" Figure 2.8. The tether oscillation angle and the tether length
)5 ” 2750 during the maintaining stage.
2 2500
0 10 20 30 40 0 10 20 30 40
/(rad) /(rad)

Figure 2.7. Tether angular stabilization towards Mars.



2.3.A double pendulum fixed at the L1libration point




Equations of motion of a double pendulum fixed at the Llibration point

[ml,rrk<< M,¢ M, (2.6) n:% Tonst (2.7) ]

Figure 2.9. The double pendulum
fixed at the Lllibration point.
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Total potential energy and equilibrium positions of a double pendulum

[ T=T +* @9 n=U A (2.10) ]

* T is the kinetic energy of the system

e T"is the energy of concealed motions
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Figure 2.10. The total potential energy surfe
for an equal pendulum.



Equilibrium positions map of a double pendulum
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Equilibrium positions map of a double pendulum
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1

Small motion around lower equilibrium configuration
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Small motion around upper equilibrium configuration
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Figure 2.7. The mode ratios for the double pendulum
swinging toward Mars.
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2.4.Partial space elevator fixed
at the L1 libration point




Tetherso tension forces during accel era
movement at constant velocity and braking of a climber
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Tet her so
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movement at constant velocity and braking of a climber
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Climbing from the surface of Phobos to the Llibration point
and return using a partial space elevator deployed towards Phobos
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Climbing from the surface of Phobos to the Llibration point
and return using a partial space elevator deployed towards Phobos
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Climbingtothe L1 libraton poi nt and return to the el e
using a partial space elevator deployed towards Mars

3.6 3.3
ey () AN —~
= 34 ! =% / \ 777N /N
\g/ —E_J L o | g 32 7 N ) N 0
= 3 2P D N TN : - // \ // \§ %
GD‘\ \\-.__// \\\_,// \\jﬂ CD._\ 31 + \\ /’/ \\‘\ ///(
(s} 3 |i r) // \\\,/ gl
2.8 . 3.0 -—== 6,
0,
2.0 2.9
0 4000 8000 12000 16000 20000 24000 0 4000 8000 12000 16000 20000 24000
t(s) t(s)

Figure 2.30Changing the deflection angles of the partial space elevator tethgggy, e 2 31 Changing the deflection angles of the partial space elevator tethe
during the climber motion towards the liliration point. during the climber motion towards Mars.



Turning the partial space elevator from Phobos towards Mars and back
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2.5. Space tether system at quasatellite orbit




Equations of motion of a space tether system at quasatellite orbit

Figure 238. Space tether system in the restricted tiregy problem.
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Deployment of tether system from the orbiter in low QSO
to study the Phobos's surface
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Deployment of tether system from the orbiter in low QSO
to study the Phobos's surface

Figure 241.Time history of the tether deflection angle
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Retrieval of the tether system into orbiter in low QSO
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Figure 2.4. The tether retrieval at a constant velocity with
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Chapter 3

Moon-Anchored Space Elevators




Space elevator concept

Space station

\Climber

Figure 31. Space elevator scheme



3.2.A pendulum anchored at the surface
of a moon below the L1libration point




Motion equations in the circular case

[ m< M, ¢ M, (3.1 J

(ivr, o )

| +F =17
m

2

=3 (yAcosq X, SN g +

2(n+q) G3(- (pm #,)sin g ¥, cos )M,
3

3

| | r
(; 1
+('(IO( 1M X+)fm q yaeos oM, 0
E g (3.3)
=n’((x,cosg+vy, sing ) I-'(qin +') q
\ G”( smq+ X, +p/)7cos ql) (aysinq+(y +p ! f)')cos q|) g
¢ 1 2 9

Figure 3.2. Mooranchored

_ e Tis the tension force.
space tether system in MaPsobos system.



Phase portraits and bifurcation diagram in the circular case
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Phase portraits and bifurcation diagram in the circular case

Figure 3.5a) Phase portraif( § Figure 3.6. Bifurcation diagram
and b) the functiork,_(g) fdi=4000my, =2091.8



