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Development and prospects of deployable space

optical telescope technology

Hu Bin'?, Li Chuang"’, Xiang Meng?, Li Liangliang’, Dai Haobin®, Yao Pei’, Li Xuyang'

(1. Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to obtain higher angular resolution, the aperture of the space optical telescope is getting larger
and larger, and the space telescope with aperture of more than four meters will be difficult to break through the
limitation of the effective envelope of the fairing of the existing launch vehicle. On the other hand, the micro-nano
optical remote sensing satellite, which has great advantages in terms of development cycle and cost, also has
extensive requirements for improving spatial resolution and light gathering area, requiring a smaller launch
volume to accommodate a large opto-mechanical system to reduce the launch cost. Deployable space telescopes
will be a feasible solution to overcome the limitations of launch size. The research status of deployable space
telescopes was reviewed from the aspects of large aperture space astronomical telescopes, segmented mirror
deployable telescopes for earth observation and micro-nano satellite optical telescopes deploying along optical
axis. Some key technologies and development trends involved in deployable space telescopes were described and
summarized.
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A1 (a) IWST JEITJA R4 (b) IWST 7EBURTFE
Fig.1 (a) JWST primary mirror deployed; (b) Deployment sequence of

JWST in orbit

PR e TERE, T AIURE T & ST B I DL Y
iy 1R I,

2 e ) e AR LR B 1 4 1) AR e BE R, R
FH R T AR AT J 30 A1) 5 4 g i v AR 45 A i kg
Jx0. JWST ABUG BB IS R A 1(b) s .
112 KAEVRIN R F /Ao R B R4,

KIS/ 20 M R BRI 5 (Large UV/Optical/
IR Surveyor, LUVOIR) J&—FZEME &A1t [ 5 TWST
ARABLAY A R 25 o) R S 4. HET, LUVOIR 2
BT A WA B3 7 %, LUVOIR-A J& — /> [7] 4l (1
15 m N2 He 28w B, K8k 120 Buh #130
RFHR 1.223 m 9 F 54, LUVOIR-B j&—> &5k
1 8 m M AR e b e A i B, By 55 Heif 3
RS 0.955 m I FBRdl . &l 2(a) & 2(b) 5351
31 B AR IR A R 9 LUVOIR-A, LUVOIR-B 3
STy

LUVOIR {1 5 JWST [l ity 3B 47 & #E ),
1 BB B A b YR A L. LUVOIR-A 78 E 5%
10— AT A PR AR R Lk, T F T8 20 R R U
/)N, LUVOIR-B % — A = Bk 2k, flidhr & 1) &
i ] AT [BAE TR, DA AT LA A 8t ) FH o 0t B

2 [

2 (a) LUVOIR-A FI (b) LUVOIR-B 7% J JEFF4RA
Fig.2 Stowed and deployed configurations of LUVOIR-A (a) and
LUVOIR-B (b)

LUVOIR P Ff J7 %8 i) W5 e T WA AE AR B K 2
5. LUVOIR-A i 1 5 JWST 25 i3, kBim -
P& FEBEG . 1 LUVOIR-B FOG# R4
LR, BTG . =P IT I H
BAE S, T R ) = A T R T
1.2 3T R FF 3o i 0 B2 I 5

23 1B Y25 0 43 B3R K i L0 2, 48 ol M [ Bl 2 4
b PRI 22 | G R A L B LR A R I T R R A R
FHAR BUE B BB, 4 BT J I % b
DN BB 5% 32 4 BT JR I R i e, AR )
B V5 e R 0 R T o 43 ey i - 08 0 28 37 45
WK T 6 R R AR AL, BB AR e A R 4%
B
12.1 3 BEMRE T4

H1 35 [ [ By 3 0 5T I & 09 4 P i I B R O
(Segmented Mirror Telescope, SMT) &/~ T & KAl %5
(] D 42 B B 1 BB R, A4 i Ak S 3 U
JE&TFHILAL DL R iy A% B 42 il B R, SMT Sk H
R I ML, 3 m & FB AN 1 m 426
fERER RS F RS PR . Bk 3 F 5
Bl —F R AT S R PR A RE Sh IR A 55, et Lt
R I B 45 1T J) B R 42 JR) THIDE 1 = B8 g ) . SMT
JE RN 3 BT .
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3 PR ST BT I
Fig.3 Segmented Mirror Telescope (SMT)

122 S#AFERILZENRETE

MR TSR 4 8 T s B0 A AL AR M LR
T A (High Orbit optical Aperture Synthesis Instrument
for Surveillance, HOASIS) Il H U1, ¢ #hy Bk & 1F #1iE
DL 2 m 5 4 HE R SR R — U i U ) 4517 R
A FIRTREE DX L SO0, T 4(a) BT . D &
4t & H Korsch 2% 6 AL A2 7 2, £51E 108 m, 1
s 0.1°, BURIG B w2 . 2065 e A
(Mid-Wave Infrared, MWIR) £l 3 21 4} (Long-Wave
Infrared, LWIR), “5%¢ 10424 7 m (9 R] BIF B H N
PeER R 2 m T BEPHE N AL, At i 5 3 o B
6] AT &, LLIE BC Ariane-5 38 2 K #F, WA 4(b) BF
Ne EHEFHARGE AT PIKRY T H i B (Degree

(I

4 (a) DRI TARRE: (b) Sl EHEIr Bk
Fig.4 (a) HOASIS in deployed configuration; (b) Primary mirror of

optical instrument in stowed configuration

of Freedom, DOF) ¥ 15 HL#4), H FE M5 G+
B R OCBE BORS  E AL. M T U A% 3 R KL (Mo-
dulation Transfer Function, MTF) 5 {5 M L, 3¢ BUIL T
4 AR i K
123 @ &) R RAT R LM BA FAE 549 7T BT 2 4
EX P

VR 28 B 2% BT 3R I A2 W) B T 1] AR
Xof i UL K Bk AT 55 (T TT R 48 £ 8067°F (Active
Optics in Deployable Systems, AODS) fiff 5% i H %, 41
K5 s o 30 H B AR PPARE 3 8 BOR B T
XF ORI (L G R e 1 200 1 23 B R AR AR
155 (L tnZe i R AT B AR S RAE) e B9 R BL Al
JETF RGAEM AT AT o BRI e T Jr 28 56 T IR
SR R TP HOR P, HA T B RS OB B2 e 7E
ok 4R AR R RTPIRZS TS A M B o
A 11 BHL 78 B R BB XU, DA K Jie I o 1 A vl 428 45 4R
Mo GRS IIE T B PHE F 800 IWST A, %
TH TR AR &0 M BRI S
FRAOPEF R, SCHE BRI =R B AR 120 mm 7 IR 55 5%
AL g LAE RS, IF HAERSTE =N J7 18] (piston/
tip/tilt) #AT ESIIE . FHEFEAFNEEY 1.38 m,
TR ARIE RS, Wk RE 2R HTRZE T
38 nm (RMS),

(b) ==

K5 (a) BRGNS (b) BB
Fig.5 (a) Primary and secondary mirror in stowed configuration;

(b) Primary and secondary mirror in deployed configuration

1.2.4 47 2 TU Delft = &I = 8] 2 & 4%

faf 22 ARUR RAFHE TR~ (TU Delft) nJ & FF 245 (0] 22
#L5% (Deployable Space Telescope, DST) & 7 K iR R
o 3 B R GT UL 0) B 7 5 1 A SR CAR, Al A2 B
[i1] 73 9 22 R B AR A A 2 8% BOCHE 1Y T 3 T SR P,
DST )% R 42 LRI E AR LMY Korsch =
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ROHBZERGE, W 6 fis . BETTHHEE = R 500 km,
HIC o BN 0.25 m, fiT 5B R 550 nm, J&IF )5 fL
R 15 mo PUBF 55152 09 R R R A R AL RE, AT
TE B R R piston/tip/tilt = AN 18] B3, it T4
PSR e AR AR . OB R IT AL
AN TF R 2 RS A R TR 3493 5 S VR B T
g 3 e 25 R e B o A R B B B T e R UK B
HEZR, JR T RS RN MR VR sl B e Bt B IR T B A
R sE M . BT 4 5 A bR R TR 2 ) Y AR
REZEATRIT, R i, S BEsmEL
PEGF, LA SAR S B B A A5

& 6 JRIFIRZS T /) TU Delft DST

Fig.6 TU Delft DST in deployed configuration

T BRI AR A T B A AR T
[F] B i A2 T et RO RRCEER, I8 T AT JR I O BT,
A R TF I 5 bl A] AU I S A L, 1SR A
Fa kR Z SRR e e . T AR R R R
JEAG TR, R DAV SR R A A R I AR X
SRR K -
125 B4 #ETRERIFA N5 7 2

BEE RS AR HD - AE 3U(1U 4 10 emx 10 cmx
10 em, I [A]) 375 7R TR bS8 B 2 W n] J o i 14
Z 4t HighRes™, 1% 2 4t H DU D 42 32 ok Bl 1 %€
6 PR R S B 98 A5 A4 11 4% 300 mm 1) AT T B G 4
WE 7R %R GAE S P 18 BT 0 B 1 BE,
FIAE 500 km HUE & EE 3RS 0.92 m 94 4 1470 73 9%
R, FRBE TR I OGS R MR AR U A T B ROk
B, 3 3 B O AT TS E, 2 B 7R TR A IR Bl 22 6T
F AL R Hh 25 A% R ) et 2R 4 =2 [ 2R FH DA 0 S ot 4% 1
FB, vl LK R S8 LA 25 nm B8 ) 5K 3 3] B s 2R AH

for e [29-30]

Capacitive
sensor
target

_ Tooling ball Light baffle Central

Capacitive
sensor
array module

Parallel J
flexure Motor Sensor Base

system module module

Mirror Tooling ball
arm (cup)
(flat)

module

B 7 R4 T T A 57y
Fig.7 High-resolution deployable CubeSat for Earth observation
12,6 FTRTT = A4 T A2 & 4%

JiRAE B T2 g 1 J 23 () AH T LR BRI 5% (The
DeployableIn-Space CoherentImaging Telescope, DISCIT)
T H BT & —Fh 4224 700 mm 1 0] I i FL 72
LR Y, Ji Ak O e 0 R T LASE I 700 mm B K
BILL, IITITE 500 km FLEE LR 0.5 m 73 HFR
[ G, Qe 8(a) M1 8(b) T 7 . DISCIT fifi FH & tE &
B MRMECHE AT 3 B Y R TE R 2P ALY, X
BEBETT LLSEELAL T 10 pm A4 piston % 1] 437 B F 22K
& L AR T 100 prad Y tip/ilt f 0 EAE M. HK, &8
AT EANEGBREE AR ERFREZE N =4
HL BB A%, (0 T G0 A R A 9 T 3 0 1 5
Fr36AH . & 8(c) FIE 8(d) 4390 R 3T B B B TF AR A 1
Btk

[ 8 (a) DISCIT J:2% R 4t; (b) DISCIT /R EIE; (o) P IRAS 1 ekt
(d) IR ek
Fig.8 (a) Optical layout of DISCIT; (b) Schematic diagram of DISCIT;
(c) The stowed hinge; (d) The deployed hinge
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P A A8 3 5 Lol R 27 5 00 97 UE R 2 2
F M H AR I 45 5 H 10 R 8 ARG AT R 45 1 O
225 JZ2 ) (Optical Coatings for Ultra Lightweight Robust
Spacecraft Structures, OCULUS) 5i H 1) H #5 2 HF & —
ol o 0 4 B AR T 20, T X v b B e T A 4 5 4
#l (Carbon Fiber Reinforced Plastic, CFRP) %544 k17 %
TR, AR T DU S T2 (B PR | W o i
H 20 1o A8 BRI 5, I 8 7 /N B S ) R 2 A
& #i1Y OCULUS-Cube 3 3iE TLAE BT 1U 377 B
T, R R-COL2 RSP, 400 km B = B Hh ot 55
BERN 1.2 mo WS ER AR 2E RS S5
AR IF S5, B D AR 3K 260 mm. T B A
47 5 35 5K ) FE T, AH LU 3835 RE A5 745 B 4 4
PRARFE b o FBR tilt i A MR AR T i B sh g AT Y
VU £ 7 H e 2 350 50 4 BIK 20 550 S R AT AR 9 LA SR IR IR 5
TS A R R CR AR R MK R R R IR
AL 2 . [ 9(a) ) PRGN R IF A R A
&l 9(b) Ay 58 1 Bi R4 T IK S B

(a) Boom spring Electronics

Top of the boom

Rotary piezo
actuators

=4 = |
Primary mirror /

segments Control rope

(b) Primary mirror segments

Axle Double-leg spring

Compressing spring  Stack piezo actuators Rails

9 (a) FHSIE T IRIF/R I (b) E5 B AR UK s LA
Fig.9 (a) Proof of concept of deployment in zero gravity; (b) Primary

mirror segments deployed by compressing springs

1.2.8  TRI i XZ LA

3 [ e At M Sz R 2 AT Y Rl e O R B
(Deployable Petal Telescope, DPT)P* R H] 272 mm £E [
MR IFERMOCERGE . AR/ N KRB 2 i
BERUAG BT, WEE TS T 3U a7 7 B B AT R I I
X T2 B R TT LA R BT JEE T HILAG, B T&] 10 fF 7w o
FH AT E R A X R AR R B sh f SR TR T,
Jr& I Fh BB, 390 5 ok 7k R A 4 R A i AR IR B )
58 1Y) B 288 N H R SR DI R 2 [R) (1 248 Bl 2
SCORFE T, LB 3 K 5 D A 78 JR T 07 5, X
BB X HE R GEREAR T X HER A AR ek . 5 T
BRI ZEARL, YR 55 14 JR T ATLAA) [ A by ML 590 3 2% 5 4 1
9K Bl 7, F FH BELJE Al R o o B 4k e AR AR, fris
Bl 2 A SOR SR = B T EE A HOERR A . TR
T3 R D/ N B G0 58 SR AR AR, B G 5 K R i
i 50%, FZ K 175 mm,

(a) L

10 (a) Fr&ARZS T 9 DPT; (b) JBFFIRAE T DPT
Fig.10 (a) The stowed DPT; (b) The deployed DPT

AR T 32 B8 R0 B 08 % o A M D0 6 S )
7 BB TE K AR I R ZEAR MO B0 b SR ] WO A
B 454 200 mm FLAR A] JR e BE 07 5 A Sl i 7 T
YA B BE 62 S T BB IR B 1.5 m b T o B
2 fEME T 70,
129 SKEFP3ILM E

% >~ SatRevolution 2\ & B & I > 80 B % LR 3
TR A AN $ T S s X s 08 0 2 ) (Real-time
Earth-observation Constellation, REC) 3l H 40! 5 7 72
SR /NAY AR S FLE D7 I )R A0 b ORI 24 T
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JAE , Fe 2% H br 2l 2 7 300~350 km A fIC B ER BLIE
R — T L Wisr )7 & ScopeSat, LLEHHE T 1 m 43
eI 30 min AYRIHT R . 94 DRSS TR
TR RS AR #E I 70, Horp 2U B 3U 25 [ i3 b i e fk
A] J& FF 22 L 45% DeploScope, Y627 &R 48k A 36 F IR
B =B REMMKARL, 456 2 WY Korsch
BT A B 50 B 2R R A B ALAR B & v IR
TARZE R Pe7s () Inl . e A ik 32 Ba A B A 4 AT
FIVE R Db AT R I, 45 = Al 1a) 1 2 7 IR 48 BB )
P FBGEZ A PERTRLIE o 38 2 0 SR B ROPL L R
GRS TR AT RS . B 1 & R
RSB FEFi .

(b)

P11 (a) FrgthaS R B F55; () IPRE T E5
Fig.11 (a) Primary mirror in stowed configuration; (b) Primary mirror in

deployed configuration

13 WA EAATRARNIDERFERE

G 5 ) W] JE TG A B B — Mo A T 1L
EAait, BRI, DUE R T
FEAT R A 23 (] X2 2R G0 1 OB A BE g PR A =52
e SR DAL R TT 3 OB ) i 1 25 O Y R T AL
Ay, O AR 5 kel I AR T AL e AR S T R 4
Hay, B A 4 2R TFHILAG B 47 B RO B 8 AR G000 5 4
N2 R E R HVR I S TR AR .

W 89 MM T K ) 2 2 2 T AR DY 2 e SRR A 1
SRIGA, SEHh 7 1 o] Il TR B A A o —
o JE& T AR X 7 8P B B A 36 T B 1o 28, A2 B AR
ENES Y AR A /NS E R LU PS5 5 <3
131 #AHAHFRKEZESFEILE

H A 32 J8% 5 A1 37 K 25 4 55 J2 LA (Pico-satellite
for Remote-sensing and Innovative Space Missions,
PRISM) J2& /8 HF 4z 18 Hf M — — > & B IE S8 i) & 55 1)
Al RIS DA . X Rt K2 e 2 S i Y 8.5 kg

TR T 2009 4F 1 H & B 01 A B R kA
660 km 751 £ (19 K BA [RAP 0, H 322U T 55 il A
/INTR TSR ST R 3 W R R, N HA T R TR Y
BBEADG RE AT AR BRS, WE 12(a) BIR .
PRISM J&—FfL42 N 90 mm T 4T R4, e R 40
KA LA B P B R A 22 A, FR IR
500 mm, Hi IG5 BEF A 30 m*, B AL A ] R TR 1Y
SRR 2 kg g ISR RSB e FRIRE, AT
Jr I i ot S RS 10 em ff R F] 80 cm, AJ
FETERE i S PR R, HOR e R AR R AT R
FE, AN TT EATAT WL EC S 7% o B 35 2F 4k 15 5 20 B
(Glass Fiber Reinforced Polymer, GFRP) HE 22 i 21| #2 i
PSR VR, YR TF A5, M E R GG,
[ 12(b) Fr7is o 38 5 BEL S BI040 ] 2 0 RN — i 72 B ) A
B4R PE T o R0 25 e 2 22 e Ae IR AR LA |, LIRS IE
FE ] eI R R R 2%

@%&r

Antenna

Lens CMOS

-

(b)

12 (a) PRISM 7E87R ZK; (b) AT RORELRAS 1Y
Fig.12 (a) Overview of the PRISM in orbit; (b) Flame structure of the

deployable boom
132 TH &S H AR LIRS
Al Y1 B £ 11 #% 25 8] B2 4% % (Collapsible Dobson
Space Telescope, CDST) & 3 [E i 25 fiii K J&y 52 i 557 F

20210199-7



ISk A2

% 1147

www.irla.cn

FEH L /N AT R O s R B A 0 H Y, DU
£ 10 kg %% 6U 94 TL & - {f /] 150~200 mm fL42 # 17
Xof UL Y AT AT, AR 13 R . CDST B 58 e A4
7 20 cmx20 cmx10 cm [ 44 T2 A5 %50 3% A7 60 4% %5 [
P, SR A AR 152.4 mm B3RS 3245, R-C B2 &
GAEE 2RI BA FI8 i BRfLR . e TR
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Fig.13 (a) Collapsible Dobson space telescope; (b) Deployable tube

primary structure shown collapsed (left) and deployed (right)
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Fig.14 (a) Stowed configuration; (b) Deployed ~configuration;
() Movement directions of components
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Fig.16 Working principle of the deployment mechanism
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Fig.15 (a) Deployable barrel in deployed configuration; (b) Spring

motor mounted below primary mirror

®1 ESTRATERFEITFEAN S HETE
Tab.1 Some typical projects of foreign deployable space optical telescopes

Launch Working

Project  Application Country time spectrum Aperture/m Spatial resolution Mass/kg Adjustment ability
JWST  Astrophysics ~ USA 2021 0.6-28.5 pm 6.5 0.1" 6200 Six DOFs + radius of
curvature
. < 16 milli-arcseconds at . .
LUVOIR-A Astrophysics USA 2039 0.1-2.5 um 15 500 nm 27801 Six DOFs positioning
. < 16 milli-arcseconds at . o
LUVOIR-B Astrophysics USA 2039 0.1-2.5 um 8 500 nm 15132 Six DOFs positioning
SMT EO USA — 0.4-0.7 pm 3 — — Six DOFs + face sheet
actuation
0.45-0.79 pm, .
HOASIS EO ESA — MWIR, LWIR 7 2 m@36000 km 8662 Five DOFs
AODS EO and France — — ~17 — — Piston/tip/tilt
Science
T%]S);lﬁ EO Netherlands — 0.45-0.7 um 1.5 0.25 m@500 km <100 Piston/tip/tilt
. United L. . o
HighRes EO Kingdom — Visible 0.3 0.92 m@500 km 8 Piston/tip/tilt
DISCIT EO USA — 0.39-0.7 pm 0.7 0.5 m@500 km ~17 Piston/tip/tilt
OCULUS EO Germany — — 0.26 1.2 m@400 km — Tilt
DPT EO USA — Visible 0.2 1.3 m@500 km — Tilt
ScopeSat EO Poland 2023 Visible — <1 m@300-350 km 10 Piston/tip/tilt
PRISM EO Japan 2009 Visible 0.09 30 m@660 km 8.5 —
CDST EO USA — Visible 0.152 1.2 m@250 km jo Pistontip/tilt of the secondary
mirror
Surrey DST ~ EO USA — Visible 0.3 | m@500 km <100 Piston/tip/ “lrtn(i’ég;e secondary
Auckland ..
DOC EO New Zealand — Visible 0.09 — — —
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