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Abstract  Space elevator technology is the key to realizing low-cost, efficient and safe space transporta-
tion. The traditional earth elevator and lunar elevator require material strength far beyond the existing
technical level, and it is very difficult to realize the project. Saturn’s moons are generally small in mass.
The construction of the Saturn’s moon space elevator can overcome the technical bottleneck of existing
materials and greatly promote the exploration, development and utilization of the Saturn system. First,
taking Enceladus as an example, the "rigid rod-bead point" model of the ladder is established, and the
Lagrangian dynamic equation is derived. On this basis, the stability analysis of the system is completed.
The linear stability theory and Lagrange’s theorem are used to analyze the stability characteristics of the
system under different discrete precisions and the mass of the space station, and the calculation results
are extended to other satellites of the Saturn galaxy. After that, the concept of the Saturn space elevator
network is proposed, and the elevator network configuration which can realize no working medium trans-
fer between any moons is preliminarily designed. Finally, the efficiency and construction feasibility of the

elevator network are analyzed. The calculation results show that all the elevators in the designed elevator
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network can remain stable at the equilibrium position, and some of the ladders can be constructed using
existing composite materials, Compared with the traditional orbital maneuvering method, the ladder net-
work can save the speed increment of several kilometers per second, and has huge potential application

value. The method proposed in this paper and the conclusions obtained can provide support for the fur-

ther design of the elevator network.
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Table 1 The orbital elements of the major moons of Saturn

Name Serial number ()rbitAzq Orbit inclination
eccentricity (degrees)

Mimas 1 0.0202 1.53
Enceladus 2 0.0047 0.02
Tethys 3 0.0001 1.12
Dione 4 0.0022 0.02
Rhea 5 0.0013 0.35
Titan 6 0.0292 0.33
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Table 2 The stable length of the space elevator
on Saturn’s major moons

Serial - Porsition.al L Ckm) LE (k)
number i  relationship &

1 1 907.141 324.818
—1 912.048 325.804

9 1 1084.05(Sec.2.1) 439.862(Sec.2.2)
—1 1092.87 442.414
5 1 5077.38 1563.99
‘ —1 5153.37 1573.97
| 1 10176.5 2688.69
—1 10389.9 2707.43
- 1 21298.5 5043.34
7 —1 21943.7 5086.32
G 1 298993 49066.8
—1 359238 50564.6
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Table 3 The overall design results of the Saturn
space elevator network
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—1 5665.54 Stable
5 1 7538.69 Stable
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- 1 22113.1 Stable
7 -1 48178.2 Stable
6 ] 137090 Related to the
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Table 4 The maximum specific stress of the space
elevator on Saturn’s main moons

Maximum specific stress
ot /p(GPa+ g™ !+ cm?)

Serial Positional

number 7 relationship %

1 —1 0.2655
) 1 0.5218
—1 0.3223
3 1 0.5572
—1 0.6326
4 1 1.2522
—1 1.8265
5 1 4.7908
—1 18.064
6 1 496.58
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