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Abstract: In view of the urgent need of astronomical observation and national defense construction for
the ultra-large-aperture space remote sensors, this study systematically researches the technology of
deployable segmented ultra-large-aperture space remote sensors. Three kinds of technological routes
are presented, including an automatic-deployment segmented system, in-space assembly segmented
system and in-space manufacture system, and the basic principle is introduced. Then, the develop-
ment history and research process are described, the core technology and structure characteristics are
summarized, and the development prospects are analyzed. Finally, according to the actual require-
ments of our future space exploration, some suggestions, including focusing on the development of the
technology of the automatic-deployable segmented system, accumulating the technology of the in-
space assembly segmented system, programming the technology of the in-space manufacture system

strategically, are provided based on the current technical conditions and development trends.
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IENH R T BT ARG 78 B — 35 M Y sX 2 r
ARG LAy AT T B B R SR FH AR Xk Ay
() 5 A& A R — el L, 5% 2 o 8 RISl i & A
B R T R R R R R s ], 5R 4R 2 R R
FrAn B 7 X, W JWST R WU 2 = 7 B2 B 45
FJ ATLAST-9.2 m R ANHITL L FHRELEH.
R S 7 2 X R A e B AR ) 43 R B AR
T LA E 2 5 1 R G W e He o MR 5 ) — 1 B
1) 45 55 AH X o B AN 5 B R R, R ] B R 2
Vi) (1% WL 52 A7 A BBE 0 445 40 7 0, 32 s b 1R B
ARG A FEPE L HOR RS AR, E G T R AR

K FBHCRAE CRHARA R 5 m R E, Hix
KATSEHL AR N 8.4 m™,
3.1.2 B« HamBias
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Bl B - F5 102 R i B4 1
Fig. 1 Configuration of JWST
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OTE in folded

Rotate and latch primary
configuration i

mirror chords

Deploy secondary mirror

Latch secondary mirror
support structure

—p —

P2 AT - 3540 % ) B0 i i 20 5 AR
Fig. 2 Deployment sequence of JWST
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Fig.3 Primary mirror and segment assy of JWST
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Kl 4 SBMD T4i
Fig. 4 SBMD assy
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Patent Issued-D-2219 >

BATC actuators/mounting

Flexures bars & strongback

Incorporation of spreader

B 5 Ball AMSD 4114
Fig.5 Configuration of Ball AMSD
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ATLAST-9.2 m J5 % EBifh 36 RAHIE
SR FEAST A TR KNS TWST T4
SE A B AR R E ] ULE B3, DLIRAS 3 &
1) 1T T RS BE L 10 % B/ T 25 kg/m” . HAr & 7 L
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(a) Primary mirror folded

(b) W 3 25 44
(b) Primary mirror folded

in six parts in two parts

Kl 6 ATLAST-9.2 m &
Fig. 6 The 9. 2-m segmented design concepts of Ad-
vanced Technology Large-Aperture Space
Telescope(ATLAST)
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3.1.3.1 Il HZE7H AR
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) H 27 [ A S TS A LT % O 1.5 kg/
m”, AR RMS N 1.5 mm, 1970 4F, %2
AIWFHI A9 9.5 B RUAY “ 0] H 28 "R R AR1S RAT
BEhE ;1976 ~1986 4[], O DI AF ] T 15 FE R,
30 R 50 B R B 34 o G B R A 4% . &l
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Fig. 7 Photos of folded and stowed “Sunflower” re-

flector

F 1IN T LR A& R S 80 iz
S5 4% 09 3 Lo 5 23 PR B B DS B AT G Y o MR
JEREB/INGE BT R R b, B R, T
IR VRGELLPE A Bl 1) JE R 32 BR ™ MR BEIR D
T B 22 o 2R G0 W BE AV 5 TGk 122 258 52 A ) I3 7% A
i AP PR R B, EALE R RS A Ok AT
R BE ) SEAR AL U8 4% L i LR LT R KT BE A & AR
BT UL AR A TR E 5K

F1 “MBEARHFHEESH

Tab.1 Characteristics of “Sunflower” reflector

Sunflower Advanced Sunflower

Parameter Solar  p-wave
15foot 30foot 50foot

mirror antenna

Year developed 1963 1970 1976 —1986

Mass/kg 109. 7 48. 2 48.2 212.7 530.9
Diameter/m 9.8 4.6 4.6 9.1 15.2
Area/m’ 74.8 16.4 16.4 65.7 182.5
Areal density
) L5 2.9 2.9 3.2 2.9
/(kg*m %)

Surface accuracy
1524 76 76 76 54

/pm

3.1.3.2 F—ARREHIEHENGST) 14

T —A Rz I 5 (NGST) 81 b £ 3k 7 %
PRI 2B 7 58 R v A A8 5 TN ) 52, AN
Kl 8 iR, REWE TAEREE N 0. 6~20 pm, T.
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S
Static f..-j_;:__,-f
Fixed envelope J j_{._,
;‘;\:?c:;'da Y e Dynamic ‘t/
T envelope
e d
1 7 T =Fold-forward
ISIM ||/ | petal
T Fold-backoward
W gl obd-backwan
ISIM cage 1 Kpctal

Sun shicld\‘_‘ -~ L

SSM ‘

8 T —fUkz Bl (NGST) B BT & 5 &
Fig. 8 Folded and stowed configuration of NGST

reference observatory

3.1.3.3  HRALARIE LD AN 5 (SAFIR) 46 M4t
EhE

SAFIR (Single Aperture Far-Infrared Ob-
servatory) 7& NASA 7F 21 22 #7428 8 i B FL 12
T8 LT AN 3 1R L A 9 TR . H A H MR
N T RAN TWST F 81 R K SC 6 78 T £ 40 AR
ZE R LI (9 25 L 7R R T R R A A T
e e a3, RIS HAT B 7 I BIF 5T op & 4 G
PR H A R 3% BE A 30~800 pm, T/EIEJE Jy 4
K, (420 10 m, HAGRA I €5 NGST 2
BLATBR AR 5 m X 17 m, i 2K 5 000
kgo 5 NGST Atk . SAFIR [P BE 2R .

Telescope cant hinge J \ P
e 1

Telescope tower

T Sunshade deployment

B9 BFLAR I L SR W 3 (SAFIR) R B 47 B 5 %8
Fig. 9 Folded and stowed configuration of the

SAFIR reference observatory
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S 1) 2 R AT LG 55X R GO L Tk
B 1 AR DL L R R S B A AR E0 L 4
PO 0 R DR ) A% 2o A TR 5 RS T 4
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ST.10 m 2% 21 #h W 3 SAFIR,28 m 428
ANH B .35 m AR &R (Life
Finder) il 50 m M2 # Bk 4% 1% (Planet Imager)
THRI b B A7 7 HE kR 4 BT B, (HE, HE ik
ROEE MR s A R BB a SRR i T
A 45 =2 ) L3 o Ao i, LS R AR
FaE M 22, H AT 28 AR E FHF mT Wi .
3L 401 DRSO AR BT

1987~1992 4E ], Grumman 2> & JF J& T &
K &gt 4% (High Accuracy Reflector Demon-
stration, HARD) BF il 3141 , FI LA 22 &8 4 &
O LB R R T . HARD S 8 4% i 7
Vet L F o KRR Bl 6 Bk 74 dl il &
YF AR R 4.5 m, WIEKEE N 203 pm), 10 2 B
1A 3.0 kg/m? W 10 s, SR S 5t 28 i %
MG M T HARD REF#F1HERE. & il
W72, o3 U S 5 2% 35 20 8 0 K5 B2 RMS iy 12,5
pems B UEHE SR Y 20 0 S 558 4 1) 3R RS B2 4R = 2
62 R (10X 101" RMS, 633 nm AL A/4) , 7E

60~100 pm & B AT LAFRAS AT 54 B FR 049 AR A RE
HARD Jz 55 #i (19 B A ME £ 35 204 HE R AR SR FF
L 2H R 2 S A X AR

10 HARD & 4 £
Fig. 10 Four-point-five-meter HARD reflector
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3.1.4.2  PAFLARFLLT AL S (SAFIR) S %

SAFIR 5 — MRk RIS RG . A
HTAEREB N 30~800 pm, %k R S0y 4K
EAWRETRIFH BRI A 5 m HEERE
(1432 2% 248 7] LU il 2 SAFIR #3510 m [
BT R . %0 & BB R AN HUE B R B
JG s A3 AR B 2R FH M 32 5 = Wl 7 I B ) B e 2
V) P % I 30 2o ) LA 5 L AL SR T IE s
A EAY, HA g AR 11 R,

B 11 SAFIR 1% M J7 % & 21 1 el
Fig. 11 Deployment sequence of SAFIR
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K& N EREETHIERa ARG RGN —
Tt & 07 = R T &R et IR o3 9% 25 80 B
FZ e LA AH O 1 e o, 38 3 LR 2 H R 3R 15
o PR EMR ., AT A e R B R O A (AT
30 A5 LA b s B R A BT B g RS R AR
SR 5e A TR AT DA AT B Al AR fE AL i T, $
AR RUBS AR WF i 28 D5 PR 4f o 2R T A0 MR 58 2 e R
AL — 20 i A . (A AT S 24, A
AW A EMN, EHAFRENEFH (LR 1~4
Hz) , 3 PR 5% 1 07 B ORS FE R R 4 A e M AR w15 2]

{R3IE,
3.1.5.1 WK - ASE 2 30 m AR HEEE

Blo12 B b 25 B i ik 8 - s B2
(Northrop Grumman) 24 &) £& t} () 30 m 142 ¥F
BRIEBREE R ZBREE &G TR
FrRifE Atlas V Bz 28 KHT & 5T, HE il 70 Yo
LAFE 1,34 mX 1 m BEIE SiC 737k B Ah il ,
DL 14 ASNIES- 6 2y A 47 8 BT, B — D NI
B LR ERE. EHF N 30 m MHIEH
B B BRI 91 m®, Al o B R BRI L
REEUGIRE F g AR S 2 O R RS M
[F) fife B R B A RS . R BSE ER T BT A A AR B R A B

L P LA R AU W (R E 73l B e NI S
AT BEHR b T fe A 4 A R LA A 2 A BT 3
GERVAL K CSun i

.
IO Lo
“ 7A\!
— -
rs F 4
A

Bl 12 30 m AR L ST & STEPUR IR B
Fig. 12 Conceptual rendering of proposed 30 m tele-
scope as stowed in an Atlas-V launch fair-

ing, at two intermediate steps of its deploy-

ment, and in its fully deployed configuration

3.2 HEEEEFARS
3.2.1 KA TEHEHE(LDR) %

ot R i 2 E e 1982 AR WL R
20 m FIA2, 30 pm A AT 5 A B B AR 1S 3% BE
30~1 000 pm. K REMRE AR S 240 4% I 0F
A%, NASA I FE A0 48 T 43R 43 8] 26 A
J7 NP RIS LDR HAEHEAT B R St
AL B0 3 — BRI TS A e O R o
F 8% (R 13 FEAAE 4.6 m BT AB N, Zr Mg
EANHIE G AMER AN 1.6 m. & 7 501K
BN — TSR, SR ERA N 4.3
m, ARG o R i 2 HAE & G 10 D45 B,
A 116.3 m” M FEHFEA,FR AR 12,1 m;
Ty — B0 SRR BB R T B A CE ACC WL 4y
REEZEMIBERY ELAR N 7. 6 m, X B R B 7 45
FARERE AT L5 5] 264, 2 m® 24 44 18. 3
m. AR, TR 5 %4 78 18 A i LS
ARS8 R 2 ) 26 T T AR, HLAE B dl B R R
E 14 FioR,
3.2.2 30 m 7% K% % ik 4 Thirty Meter

Space Telescope (TMST)

2006 4F, NASA kG XA fE K25 ®AT o4
WMT =N TAEELI-EAINEE, DR 10~
50 m AJP LS MR A AR, KRBT
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Fig. 13 LDR primary mirror

Bl 14 LDR F 50z (a2 8 m ZE
Fig. 14 Conception of in-space assembly of LDR pri-

mary mirror

H¥k-H 5% L2(EML2) #UE I i LA A 5= Bt
Bie A S AL 2 SR 5 12 26 B TAE S8 K FH b Bk 1.2
(SEL2) L3 , 3 H 45 3& [l EML2 #4724 &
MIREST . 30 m N K& BB MRkt c &
SERG, HEBHIT 1000 4~ 1 m B4R 85 21 A
RYOMAB R AL A B LA A DR R
HWF 73% . RXCHD =B EG ASE 15) .4
BHBHEN T — B Be & S T2, ABUJE 7 %)
FE4R 2 2% 10 A B BE A AL 28 AN AT R 4 L R E 5
JCF- B T AR GEOG R A T AR A A A 5 = ROT
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