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Stability Analysis and Application Conception of Space Elevator Network
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(2. School of Astronautics, Beihang University. Beijing 100191, China)

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 ele-

2022-07-01 ULEI% 1 Fiy.2022-07-26 ULEIE M.
t W E/E#E E-mail: gongsp@buaa. edu. cn



12 g o o 5 E M o M 2023 445 21 &

vator 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 lad-
der network can save the speed increment of several kilometers per second, and has huge potential appli-

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

further design of the elevator network.

Key words space elevator,

tem

51

il

R &S RIS — Fh A i Kz by LA
B AR BAS AR 2 A TS Y R AR S
B AR AS b o528 it K 3 B i B L LA R A v
FE R FAANE o PRI K 25 SR B A AR AR R IR 51 T
A2 35 (R 12 DR

1895 4F Tsiolkovsky'™ 1 4 45 1 7 Hb Bk 7% 18
K28 KA AR AR, FR 2 o A T8 R 3. (B 2 LA
UM I R 7 B H AL, HF 1960 4F R B E R
Artsutanov A" Z 48 [ A T A% 3 S8 1 A A& A
Tt Ir k. LR Z G L B ST N B I ik — 2 A
ES PN I PSY N ORI S S PN
B R BRE LR i Ay A T A Bk 51 I 4
Xif 2% 38 K AR A2 Bl (1 5% e I 5 T o Be A OR Y ik
AR 20T R R A SO/ R RN ) BT B R
AR 3 N TR S R . B 40 3R Gt BAAE Ry — R K 1)
KRG ZH) T2 M TE R R i
IE T TRLEE R G N R G Bl ) o A S AR
SR FH 32 g4 i 0 vk SE BT 4 BA R G I A L )
— B T BRI Y 2% i BT ] BROR BB
R RERIBRE 112 DT e Sk b H 3 4 7 2 42 43t
R, b 2R g B g TR [ A R R R B
M1 R i T R B T R B AR E
THRZZ M.

Tt o M3 A R A S AR BT i Ay O B A L Al
f Ta) B, B D e T T2 SR T AT ML B Be-
letskii-™* A5 JB iz Bh B 6 2% T8 167 P K5 R A6
AR — A BT w3 45— A T B B R AR A5
V- B AR S AR S R K R A SR T
TR DK B g 2 AR R Ay s ) D, )
PR P B B T 20 T R 1 T I AR R

TER MR E AT IR T 7 Z ik — L AT 451 )

space elevator network.,

stability, space tethered system, saturn sys-

U ER AN AR E KR IR e A BRR A, BLA
AR k147 30 S BB il AL K b 14 5 B G oK. SR 6 4
H o SR BB A 5L, i R R G S5 T K B 4 N
KNS Ke 3k 3] 382 GPa, it i B9 b4 1) 38 B2 A% FR. 1M
B L T B AR A B R R R ORI OR s R AR Y
AR Al AR L I R B Y B D e R i
TN 1o .

DAL BT AT BT 5 AR 2 R A e 3t &R b i
A SCHRH 73 BT 205 2R 4 8 0 T At R A I 4E R
RS L BRI AR T ORE R TR
— T BB KB T B XA A R R PR
TR TR L E R A A AE L TN AR 7
05 R S AL A W B R AUZ L AT RE O SR A i
ZEH IR LR R B R T i — B R
TRk RTENE XL

ASCH FDOCBm A RSN AR T R AR K
R Z RS LA R R EETE
Z 1B F) AT AR Y TG TR A RS A ORI N R IR R
TR TR EAE R, Bt A K
2 KB A BEAT 1 5 & BRHB AR 5 BE 6 1l 12 9 )5
i K BEAR ST I T R BT T Y BT R AL 7 S
B 8 s ) P A A b G e /N T A
Kbh.

ARSCE SE LA T R ST W AT — B i A
TUFFHE S R A B H 7 B Bl S DL T T O i R 5
Hoor b T AR E A A Z IR et R Al - A
PRI I —ESh I ERE R T 2R KN
J7 58 B a7 SEAEAT T REVTAG R AT A3 23

1 BHhhFEER
1.1 B

T B R R TR AL T e IR A (A



509

2 SO A R 2 R I Y A2 1R 23 BT 55 1 T AR AR 13

W VAR TN i R B 35/ B B0 IE i o0 2R R
BB A L DA R 1Y Bl ) S e B AR R R
TE T R A A A SCPA + T = (Enceladus) |
Fi 1] b 8 DR s KB A 18] 2 L Bl ) 2 AR A O3 A
TESS 2.3 Wb S S I HAb TR KRB E MY

R

i X

Enceladus

B 1 Ras KBS W AF — 2k s "B AUR B A
Fig. 1 Schematic diagram of the space elevator with
"rigid rod-bead point" model

e WKL 1 s i TR AR L. EE ST As bR R
O ~zyz, KA JF 5 O B+ B Foib, o fifs
[ o A5 B 1= 9 -9 L IV e o B =9 N o1
mGEE R, BT R T RUE RO R H A 0.0047,
T R AR, LK 4 T G ARk R A, BR
WZ AN RAT R H B R B AAERE A iz s, HH
FERT EREME DX RS IER, 2w T H
b RAR K 51 T 8% 3.

KBB4 0 AN BT 09 2R A7 RE
JoT g B WP AT 00 HR B BIL A L 2R AL RE 68 AR 4
SR B R Ao 48 P PR R AR A T A T A 5 T
RO R THEG RS ARENIEFE” 5y B e fidh
g FFRICH LR AR B EIC A m, . H
PRI AE Y =1 B RIPEFT — ksl BRI R 1k
Ry FARAEE AL, 2 — oo DR Ak Sk 22 P 4 A5,

1.2 HRBBEAEES

RY 2 —ANPA o A A oY 58
FTLISR A AT SCAR AR B R S B b
O T LR A B AT UK A g

%éﬁﬂ’]uﬂ}
g, TERT X

ARFR L 3 TR S BT AR AR S S B A R 5
Mshfe T HEE V. X Q..
(LRGHE T

FIHT SCABAR S 50T LIRS r A “ Bk A57 1Y
R K

v, *[E( L;¢;cosq;)s Z( g, sing; ]T
(D
RS ARG BB
T:E im,-v,2
= 2
n 1 9
:[Z; > [ Zlqjcosq] Elq]%mqj ]
(2)
) RAHBEV
RGN D FRE AT LU il Ry — 0.
V=V, +V,+V, €D
Horh vV R 0 B3GRV, FoR f AR bR IR R 8 R R

Eem G A A BEE V. FRIN B AR bR FRE R I 5 | Y
DAFEV, Fon B T 55 T #daE
BT SCARFR RN BT Bk A B B R
r; :[2 (—;sing;) R, + 2 (;cosg; )J !
@)
Nar DS v, BRERK
v, :wzrsei}mi R+ Z(chosqj)] (5)

Hob o A bR R BERE ML r, 8 £ TR
AR, 9 TR RV, IRR AU

V, = —%wz 27)1, [(Zlfsinqj ) ’ +(R.+ Zl_, cosqj) 2]
i=1 j=1 j=1

(6)
RS AR ARV, AR R
_ 72"3 pwom;
o (lesinqj)2+<R0*rﬂ+211605q])2
ji=1 j=1
) p— e, 7

(21_, sing; ) ’ +(R, + Eli cosgq; ) ’
j=1 =1

Hr e, BRI TER o, I ET W5 1%
BN USRI LR RRRGEHEV
("I Q,

ARG X FAT UG i o P



11 & 4 %5

B O % W 2023 4E5 21 &

Qi =Q, +Qui=1.....n (8
Horh Q. s th T bR RBEFE SRR LR Xy,
Qi F/RAT Z A X e g5 R R FE T X 7.

BT SRR F R B TR 2 BRG]

F,=2mw [fZ(qujsinqj),Z(qujcosq,)] !
j=1 ji=1

(9
ZIE R SCAE bR RN BEAS BR800 K 7%
or, —[Z (—1;cosq;8q,), Z(*Z sing;dq; )]
(10)
AR O X A0 .
SA ZF (1
Hi%TU*E?EEIJJ% AR AT AR
XL RIG) LT
_Jd(BA)
Q. BETCTD) (12)

BHJE T T30 S s S Z 1) 08 AR X A o
AT DL E RS R A

Jc[q,. + (G — ¢ i=1
Q== —q¢-D) TG —¢)]i=2.....n—1
—c(g; —q: 1) i=n
(13)
o e DR A 8 0y HI B O TE R
(38 h I e
R T e R RGN HAR B H 7 R AT
dit sj *gj =Q, i=1,2,....,n (14)
Hop L ks W H R L =T —V, o] LUt — 24
VL EE P
LT,y v
Q. +Qy i=1,...,n (15)

Beara (2) X G~ a2 X a3 fiat
(1), AR B R R K= sh s i . T
W T DAk — 25 58 WK 25 KA 942 2 0 B0 RS UE 1
I3 T

2 RBEMSH

2.1 RMEHEBFENREENRIT

FATE — 20 A AL W PE AT — B s 7 B2 A3

AR BR L7 BT AR [F] L A Y NI AT 7 BE AR T
AR R G b 43 AN [R] RS BE R (s BUME AN [R])D
RGN R E R
(1) B BR 7

AN gl HA — > Bk R I R A (BB
R RS E P, B A b Zms 1R PR S R AR .
A n=1, M H#X AT LU BE R RE W 31 )%
oy I #e.

¢ .R.sing, 4

(20,R.cosq, + 11 +R*

Zl.q.l_

/’ts(rse *RQSinql
((Lycosay + R, — )’ + Lisin'g )"

+

w’ (R, —r.)sing, =0 (16)
x:(xlvfz)T:(qleql) (17)

DN)RT AR P 2 8 R O 5 S 07 B A R 25 R A T

P .
3:"1 X {O 1} X
—A =
.1.72 X 9 F 0 X9
10, R.p. Felts }
F=—|r.w’ - — -
I3 {rbew +(Rc+ll)5 (ro—10))°
(18)
Ho
r.=r.—R, (19
— 5 L H IR R G RRIE T R
A 1
‘/U_A‘: 1 _ o, R.p. Tl
7[’*” TR +z.>37<n\.ﬁz.>3} 4
AT U Repe —reps | _
R [r"“‘” TR <r;—zl>3} 0
(20)
T DA B R AR AR A S AT A
1 — 2 Re;"e r;#s j|
A:_'_ e se : - —
JZI {”" TR =1
2D

a0 2D RS ek 2O IR W AR AE IE 52
TRRRIEAR . R GE AT 5 7 2238 2 040, I ARR R AR
b — Xl R et R SRR,

22 1) B R AR AR P D i R B A B 1 AR A il 2,
Bl 2 Jion. o] L& B BE 2 B BE I 14 s R AiE AR
SEJ7 SR 3 9. 24 [, <<303km W, BEEAFAE ;Y
[,>>303km B, 26 R G , W R AE L R S da



509

2 SO A R 2 R I Y A2 1R 23 BT 55 1 T AR AR 15

SE Pt Bt — P BB 50T

)-8
5 x10
The eigen roots have
4r positive real parts
3t
2 b
Minimum stable length

0.59056 R_ (303.076km)

7z

The eigen roots are a

The square of the eigen roots (s7%)

pair of pure imaginary
numbers
. .

\ . . .
0.2 0.4 0.6 0.8 1 12 1.4 1.6
The length of the elevator I(R )

& 2 HEAEBRF J7 B8 OB BE Y 78t ith 22
Fig. 2 The variation curve of the square of the eigen roots
with the length of the elevator

Z I AT BUE DT B AE R BERI4R ) S AR bR iR
2Ry 2°, SR DR AR AR LM Bl 2 oy o AR [ (16) ]
SERGE BT B B A5 R R .Y [, =305km A,
HUEPE 10 KT AR IRA R KRGS [, =
300km Bf, 3% B 5B 2 K, T AR B B b b
50°, RGEAFE. VL L5 BAE R U — B 5 AE T 4T

%) 1 Aff
0.85 T
1
<+ Monotone Monotone
: decreasing interval increasing interval
1
08 I
1
1
B i The length of the elevator with the shortest
=)
= | vibration period is 1.65087 R, (847.228 km)
@ 0.75 | | The shortest period of vibration is 0.666 day
Q 1
(=3
g |
g !
B 1
g 1
2 0.7 :
1
1
1
1
0.65 - : : :
0 2 4 6 8 10

The length of the elevator I(R )

3 B2l 10T I R K B g A8 i 2
Fig. 3 The variation curve of vibration period with
the length of the elevator

RS E ATEE T AR AEAR 7] DA 53 4
SR .
2w

/\/ 1 [: 2+ Rc#c rsclux :|
I N ()} ru— — -
Ly | (R.+()°  Go—1)°

22

T =

I 3l J5 0T Bl R BB A B A Ak th e n 181 3 o
A PLE B, 24 303km <1, <<847km, #i 2 J& {1 bt &5
RBAK L W34 i g /N, 24 £, >847km i, 9z 3h &
B o R B BE (Y 38 0 3G K. 24 1, = 847km B
KRR 2 Jl A A7 7E B /IMH 0. 666 K.
(2) XL Bf i A 7

FROR B BR SE R RE 6% 15 3 B 0 AR 1 A
I AR R RS , 5 PR g R A i3 2%
AATH n =2, ZBAEVE SRR Iy, 3 — 2250 B &
Bt H FR e A5 A

BT 80 2 05 R S % SR R AR AR 1 O 1k
ANEAEF B A Y R RA% B H 5k, B A
FHE pR B T RS E

HRAE 3 (5) ~ 2 (7) ] UHE S 3R G2 76 A
BT CABRSET 0) B BE PR HY Hessen AR .

{Hn le}
H =
21 sz

R.p. (I -R)u.
H, =im {— i s - #JJF
(U+R.D' (2 +R.)
Vses (rscil)/ls -~ 2_
Ir . (=2
" Lr“zf G —2 Tl
H,=H, =/* He s 2
s mLZZJrRC)g Go—20°  “
(U +Rop. , Go—Dp, ]
H,=Ilm|— (U —rDw’
” m{ QR Gy T
(23)

oo SEEASER ST B B L AR NI AT Y

K. RIS EB, REREN T FMHN

Hessen 1 [ 1EE. WEMMIIF ETFRXYKTFE.
H,, >0

(24)
Hquz *leHm >0
SE SOMh ST T B R 5 A 4 pR R
1
SD](Z) :ZZHH
(25)

1
SDZ(Z)ZW(HHHZZ _H12H21)

V) 28 SRR 10 45 A Sk 40 o B8 KT 2 4 o
Tt bR B BE B R BE B AR At 2, an sl 4 FiR.
FIPE R EL @ (D) AFAE—DFE R L, =236km, Y
>0 B0 (D = 0. FIHE KB @, (O FETEMADE
L, =173km LUK 1, =248km, 24 1 > 1,, B [ <
Lo B g, (1) > 0. 25 1,25 1 > 1, B RGK IR HERR



16 3 1 % 5 o= OH ¥ W 2023 4F5E 21 &
E. BB R FRER S B R B K B nly, = 495km . L0202 M E 20 10 ) 2 R
0.02 7 2.2 FEERENEEEMNZ M
P ’ 5 2. 1150 4 BT S A B B A T AR
- e B 2 T 52 RS R ) i Ak A o BE
| SEAS IF] S LA B AR 7 S R 3R D
g ooy 9 S 5 0 I 5 A B IR Tk 22 H R e
N SR BT S L (A 0 2 R L
m?l
~0.005 | K=-"5 (26)
Em
70'010.3 0.‘4 0.I5 (;.6 07 038 ﬁiﬁk?ﬁJ Pk H E B E AR R R IL K T
The length of the elevator I(R ) %ﬁﬂ"]ﬂi‘/‘l\%m‘lxﬁ;“,l—f% %‘{E I‘T’I :J:[E 6 ﬂ‘[/J\
4] i HIR PR K ot < B2 114 78 25
Fig. 4 LJTLLe i;ﬁi?flﬁffﬁ?sﬁlzijlyEchiujfi‘fﬁ%nclion Zi}y‘h e IETJ lﬁﬁi I:jé%ﬁi ttij{ U"J %2}6 E/J %% e
with the length of the clevator L, 45y KB S A I AR B L B
. 1T ERL O]  a. Y T E LG B T R g5 B, RM B AR
(3) £ A B

B o3 B U B 7 B R A M 1 O 1k i — 20 3T
JE AR AT B 5 B9 TR AR R B — BRI
P2 RE AR ] A1 32 o a] LR RS 1 H E 21, 73
A A AT BE AR L TR O s Kb 1Y o R A I BE L
HRERILEATH 5 .

;
1000 |- /

=100, L=1039.8km

0
=1
S

=N
=3
=3

i
S
=3

O«——— =1, L=303.076km

The minimum stable length of the elevator L (km)
=3
S

0

0 20 40 60 80 100
The number of “bead points” n

Bl 5 KA YR /MR e B2 B BR 7B E Y A8 Al i £k
Fig. 5 The variation curve of the minimum stable length of
the elevator with the number of "beads"

WEEE 5 A DL B, WP T — BRSO
“BREUECE B R G R E TS, 2RI R B
e S R K R L R B R o R L 2
R B B B T TS5 B B SR R K
WS A M F A 1084, 05km. THE 45 B £ W, %
100 DNUER A (n = 100) PEAT 07 BL3H 5 3L A 0] LU

KB Ly it% B H 5 TR K Ry i, B

439. 862km.

—_ n
& 2
-~
= -5
s 20
&
© —6-100
=]
G
(=]
e
=
2
E
°
g <l < >
400
10° 10! 102 10° 10° 10°

Mass ratio K
[#l 6 KA i dme /N E K BE B o L A A kit £k
Fig. 6 The variation curve of the minimum stable length

of elevator with the mass ratio

2.3 GERMHES

B2 1AM 2. 2 WIEATIE T £ D kAR
T B RRE 25 AR A i — 20K DL B BRI R 7 T
FEA R RHAM TR, N 3 KA Kb Mk A8 4R
HEH S AR .

KIHNEHRERERFEDEMIBSNIEEER,
AL DL L 26 T 34 b 1380 0 B R A S LA R O
AR /N HBEA AL F L R UL R BR 19 3l J) 4 3
5o 5+ DAL v OB A3 A vE )T B A - R



559 1 2SO R 25 KMk I B A T 27 5 8 TR AR 17
TA. AT AE N .
*1 TERIEIERHNEEZ 3.1 EXFEE
Table 1 The orbital elements of the major moons of Saturn
PR —r— R VAR T AT AR S TR T P R LI
Name Serial number — iricity  (degrees) B, LMK 2N+ B — 883 + 1= R f (I
Mimas 1 0. 0202 1.53 7 U6 B AR R 28 K6 I 52 31 43 B e 6 1Y) B AR
Enceladus 2 0.0047 0.02 g A (1 N
Tethys 3 0. 0001 L 12 (DA ZEEM AL+ T— BB+ B AR
Dione 4 0.0022 0.02 %%*%Lﬂi%ﬁﬂ@%ﬁ(%ﬁkm),Mﬁﬁﬁﬂl*ﬁ
Rhea ] 00013 099 X T o R 2 A P ke
Titan 6 0.0292 0.33

o 26 A TR 1 R 28 R BB AR Pk 43 1T 45 2R 51
HF£ 2, Hoh KRBT+ 200 X R AT
kRN k=10 R KREAE M T Bk =—10 %
ARMEE LR RENER/IMMEERBEN L £
RGHBARESCh S DR EEES RN
BHRRNEWRE RBWERET Y5 o K B
R IY e AR E K.

£2 TERITEIEASRBNBEKE

Table 2 The stable length of the space elevator
on Saturn’s major moons

Serial Positional

s k
number ¢  relationship £ Lo Chem) Lico Clem)
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
3 1 5077. 38 1563. 99
’ —1 5153. 37 1573.97
N 1 10176. 5 2688. 69
—1 10389. 9 2707.43
5 1 21298.5 5043. 34
—1 21943.7 5086. 32
6 1 298993 49066. 8
—1 359238 50564. 6

3 KZXREEMiEIT

552 1 SE T b TR A KA R AR E R A3
IS R 2L R A M EE TR 58] T 1%
AR B BROR A RS I AR K A T
DAL SESR Bt 7 2 A R s R ) 52 B T A2 T A
PUBFE RS IFRI L o0 B 1% R G RCRE AN AT AT .
EREENE  ZRREBLAMABELERD
SR Z 18] T8 T B e 7 iT A A R ARORE, B A

()TERE W 8 10RO 8 A, WA 5L
WA U E D —~ T 2 a5 % iz 8.
A R or KK T M A I 5 4 D B AR W+
7 AR A KA (7110km) SEHLAS 43

(3) A B AR Aur X 42 K 45 KoM, I T 4 K BR T B
4+ T Fm.

(DA MBATES RIS E + T
SN O T £ P O A s =10 =< Oy [ O N
KA b TF A IS 1 (5666km) o M T 3R BUAH X
T R R LA

(5)TEA T MY 6 % 7 10 RO A 2008 ey WU A 4%
WABE £ D =~ + T =2 [ B 55 Pl iz 3.
MG SR AT FK AR e A A S B = B+
5 18] 1 A a8 KBS (7539km) 52 PR 4.

(6) A7 B Aar X 4 K 25 KA, I Tfe Ak K25 KRB
TREE T R, SRR T A R T TR
23 W54,

Tethys orbit
©)

(1)~(6) is the orbit
transfer process

Enceladus~Tethys
transfer orbit

7 B AR OK S KB I R

Fig. 6 Schematic diagram of Saturn space elevator network

DAL RS 1R A BB M R il B/ i TR
HREPERKMBE R TR . F5 B, AW



18 8 %

TR B

2023 AR5 21 &

W LA b J7 SRR B WU mT LA S BORE A A% A8 A A
AR B TR 2 KA/ LA L.

{E%ﬁc{fiﬂﬁm,ULﬁA/\ ool . K 2
TEAR 1 PR RAR i 1< B 5 1 A9 R 25 KAk, I LA
FEBITEAUY EER 1 PR A RARZ ],
T S5 BRAT R 48 A A 2 B AR 32 % TR 22 1) £ 1 AL
¥ers.

3.2 EFiEit

SRS H B R e & LR RS KR
AR, T SE LA 3.1 A AL

WA HAEEE A KRS RN TR
HMBEEDAE;. DA ERBORITKERNL, D
B EREBTHR B  O Hoh E AR SRR KB A
X BT AL, IR EAR O 1 RN KA AE 1)+
BOAR EARh — 1 NIRRT E B BRI E
Lk

F i<

k= 20
1 P>

WAT DA A5 5 25 0 RS BT , R T g AH X T £
A2

v,kﬁ(r,+kR;+klik) 28)

rl

v’ Zx/z(r‘,/eRJklf) (29)
rj

Horbvr, Fry 23000tk R AN E bR TR R HLIE R
e R, MR, 435 0 % B BRCFT H A B BR A B2 2R
(RN E RGP 8

R 5 e UIE 1 3T B TR AR R Bt R AR
KRB SE Y S F T DUAE S e R B0l Y~ 1.

1
ay =5 (ri R, R 7, — kR, — kL))

(300
MR A L 36 R & 7 R 0T LU S LR A 25 X
1 EN2 s s
Sty s 1
WO TR wk 2, OV
1 kN2 Hs Us
— ;) = 32
2(7)]) r/*kR/+kl§ Zaij ( )

Bear 20 (27) ~ 3 (32) B AT SR fig i K 25 KBk Y
BT 1 .

RN LR TR W 280, 0] DI A 308 fr 7
ANTF) TR 22 ) 4 e 7% BT it B R 1 R A KB K

BELTA R 8 fE 9 s,

10°

The serial number of departure moon
—*—1 2

L

3 —%—4 —*—5 —6-6

<

Design length of space elevator
on the departure moom (km)
/ij// |
(0]
x

<

The serial number of target moon

8 Wik RER B RAE R R BT

Fig. 8 Design length of the space elevator on departure moon

WLER 145 S AT DL & B LT B . H A 2 Bk
R R B O 5 2 R R ) T R A A OR AS R R K
EEK. N T e+ T =, HREE L
T b 5666km A9 KA R AT, AT LUK R 25 ok
FMEREE RN T R E L TR
TEAE+ T EEE 20547km (3. 6 17 L i I B
B R BRI HAE + T A 3 56042km (10 F5 3L 1
NN PR PN 5287 8 U S L G 1 ]
MEJE K.

The serial number of departure moon X
—%*—1 -2

3 %4 —¥5 —©-6

=

Design length of space elevator
on the departure moom (km)

<

The serial number of target moon

K9 HbpRER R R RSO

Fig. 9 Design length of the space elevator on target moon

1T B RGBS 05 98 92 IUME FEAR O, PH b A7 a0 2
R 3.1 A G o BUR RS T5 58 R R T
FAAR TR 22 0] 5 B az . 910 dn o 75 2 52 RO 4 T
Rz 1+ DI AL S5, /T RUR IR DL T = - T

Sy RS o DT T LA AR Rl 988/ B A DR 28 SR B ) A



509

2 SO A R 2 R I Y A2 1R 23 BT 55 1 T AR AR 19

KE. IR R, R £ 10— E i 5666km (1
EEWHEE) MR, IIFHE L T A #R
22113km (3. 9 5B ME R &) By KA BRI AT, Al DL oR H
a3 B 7% 5 ZE T LA R B AR T8 S M

KW B RS 7 58 IE X LR 2 T A
Je s AT LUK K as KA M SR BRI T £ 3
.

3 TERKRZEXBEMBEEITER
Table 3 The overall design results of the Saturn
space elevator network

Serial Positional Design length Stabilit
number ¢  relationship 4 % (km) Srabiy

1 —1 5386. 61 Stable
9 1 7109. 83 Stable
—1 5665. 54 Stable
3 1 7538. 69 Stable
—1 8295.12 Stable
4 1 10176. 5 Stable
—1 14510. 5 Stable
- 1 22113.1 Stable
7 —1 48178.2 Stable

6 1 137090 Related to the

mass ratio K
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Table 4 The maximum specific stress of the space
elevator on Saturn’s main moons

Maximum specific stress
ot /o(GPa s g~ '+ cm®)

Serial Positional

number 7 relationship £

1 —1 0. 2655
9 1 0.5218

—1 0.3223
5 1 0.5572
’ —1 0.6326
. 1 1. 2522

—1 1. 8265
5 1 4.7908

—1 18. 064
6 1 496. 58
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