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Abstract

Non-powered solar sails are arousing more and more research interest all over the world in recent

years, which have significant potential applications in deep-space exploration due to their unique advantages. The

structures and materials are critical factors for solar sails. According to the flight environment of solar sails,this paper

introduced their basic structures and mechanisms, and reviewed the deployable boom materials and sail membrane ma-

terials for some typical solar sail designs. The features of different materials and designs were also discussed.
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Tab.1 Some parameters for DLR sail membranes

AL i B JREE WL WA WL R X R
[X 35, pm B/mm $H/Z&  /m? H/kg JE/g-m™?
A Kapton 7.5 1410 7 82.6 1.0 12.4
B Kapton 7.5 1410 7 82.6 1.0 12.4
C PEN 4.0 515 19 82.6 0.8 10.5
D Mylar 12.0 628 15 82.6 1.6 18.9
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Fig.3 Deployable CFRP boom materials
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Tab.2 Stiffness and buckling moments of CFRP booms
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i : 1) x=bending about curved stiffeners; y= bending about the plane
flanges ;2= torsion.
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Fig.4 Structure of lkaros solar sail
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Tab.3 Polyimides used in Ikaros solar sail

PP WRGR WrEeh REE, BV Bk R

up
H#/GPa JE/MPa K& /% um m? kg  BE/nm

R 1 3.8 263 74
B2 3.2 132 90

2.3 Nano Sail-D A BEfR 21112

£ [E NASA JF &% Nano Sail-D K FHIL, J& T/
RITUE , 2010 4F 11 H &S5, i Ak i iE
JEEAT T RIS,

Nano Sail-D HMR I EA BRI T 2.0 pm &
1) CPT R, IE T %A 100 nm ERSA , WL IAT
FRZY 10 m®, CPT B8 2 55 375 I 5 960 2R 1k L0t 44
K, H ManTech SRS A& il i , HoAH FH L B AR iR 2]
200°C LI, BA L S i e s e b v g, iy HL LA
PEHENE O 2l T — R 50 T o B 50 I (5240
L4 T RO AR AE ), IR T — 2E

7.5~8.5 144.3 1.64 80

7.5~8.5 19.4 0.206 >80

GEO TLE F1 NASA (A RHPAEAE 45,

5 Nano Sail-D #4181

Fig.5 Boom materials for Nano Sail-D
Nano Sail-D SZ#EFF&—Frrl & ih iy N FIE &8
YR, t 38 ZS A ST LI = ], AT DASE AR I
HAKAENIE AR e SR TSP AT FTIL 1E J I 1) 3K 5y
J1(K 5 FE 6) . NanoSail-D R T/NE TR 58 {5
FbERFE R

Fl6  Nano Sail-D 4Nl
Fig.6  Appearance of Nano Sail-D
2.4 ATK #1 L’ Garde K FRfRL "'

NASA 4L ATK Space Systems Fil L’ Garde Inc.
3T A 20 m R BH LA B ) 352 5, P9 2B ) 1)
KBHWLUSF A 20 m x 20 m, R PUAR 14 m K7
FR(ET) .

ATK R BB RR 2 um B R CP1 R BT
J RS, IE TR A 100 nm (Y5, 95 T EHE 2 10 L
Garde R FHAYWLTEIAA BN 2 wm JE ) Mylar S EE AR,
M 100 nm B ERBE)Z, #5109 20 nm B EEHEZ
PR R I 1 e R A )R AT B SRR, TR
KA R 7 IR0 b AR T REAT SR EE Ak (B THE
FHTER BHA 69 3 AR, BT LAREAE 15 2 R FHIL €A 7

PR R FH L S 43 28 R T AN [) 19 J8 O AL 3L
ATK R FH— IR ET 4 525 BBk s i) 2T 20 B A AT 245
¥ (mast) , DB RIFIG 14,2 m K ERIMEFT S 2854
HHEAE 2 12 em B4R T35 0.85% . ARG
BN ER KA 40 em BN 70 ¢/m, XTI
Br 1M IBRET 4R 52 S MR B RYSRBE SN S 2 AR SR
TEMRY TR

FHMELTZ  hitp://www. yhelgy. com 2013 4 2F 4 1)



(a) ALKFFHIFES:

(b) L' GardeBFHIEE R

Bl 7 20 mx20 m AKPFHML
Fig.7 20 mx20 m solar sail
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Fig.8 The mast structures of ATK solar sail
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Tab.4 Some parameters for materials of sail membranes
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