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Abstract  Space primary mirror splicing technology is one of the development trends of the future cosmic
observation. Compared with the traditional space primary mirror, the splicing primary mirror has the advantages of
large aperture, breaking the size limitation of carrier fairing, high resolution, light and active adjustment, etc.
Based on the literature and research project at home and abroad and the different forms of splicing structures, the
deployable splicing space primary mirrors are divided into on-orbit deployed type, on-orbit splicing type and on-orbit
distributed typeo. And the concepts, characteristics and splicing structures of these three forms of space splicing
mirror are described, respectively. According to the three classification forms, the research backgrounds and
research contents of present known splicing primary mirror projects are introduced. This paper summarizes the key
technologies involved in the splicing structure of the primary mirror, and summarizes the two research difficulties
which are the splicing precision and the face precision as the starting point.
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Table 1 Comparison of deployable splicing
PM and Hubble PM

Item Hubble PM  Deployable splicing PM

Diameter/m 2.4 =>8

Deployable, thin,

Requirement Rigid, heavy

active. light

Overall, batch-

Delivery Overall launch

wise launch

Wavelength

100-2500 600-28000

range /nm

Resolution  0.05"@500 nm 0.05"@2 pm
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Table 2 Design scheme of deployable splicing PM in the world

International Mirror Assembly Effective Mirror segments and
research configuration form diameter /m flat-to-flat size/m
SMT On-orbit deployed Ground assembly 3 6 X1
SPHERES formation
ALMOST On-orbit spliced 0.76 6X0.3

flight and docking
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International Mirror Assembly Effective Mirror segments and
research configuration form diameter /m flat-to-flat size/m
) ) International Space Station (ISS)
OPTIIX On-orbit spliced 1.5 6<0.5
Canada II arm assembly
JWST On-orbit deployed Two wings deployed 6.5 18X 1.3
ATLAST-9.2m On-orbit deployed Two wings deployed 9.2 36X1.3
ATLAST-16.8m On-orbit deployed Two wings deployed 16.8 36X 2.4
Robot arms and astronauts
MAST On-orbit spliced 20 168X 1.3
extravehicular activities (EVA)
Robot autonomous assembly
RAMST On-orbit distributed 100 5016X0.675

PM and SM formation flight
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Fig. 5 Back composition introduction of JWST PM unit mirror
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Table 3 JWST PM unit mirror parameters EHE T, DI S 38 R IF T B — A 52 2 ad A
Ttem Parameter T/ D2 20 = Bl o T 0 2 T L g 7
Unit misror mass /g ‘0 Tl L, 50 20— 8 T R
Environment temperature /K 45 . . . ~ N NS
P F AR — D TR sh B8, 5L
Root mean square (RMS) /nm <<23.5 s il T B B — [14]
Consistency —0.9967+0.0005 ASEZ ]S TR B/ R L A T R
Actuator 6 DOF adjustment optical components mounted
Radius of curvature /mm 15879.7 in the back sturcture
Absolute error /mm +1 & e
Processing matching degree /mm  £0.150 (on average) : 1 -
Post-launch match /mm +0.010 ; Y =
Range of actuator /mm +10 gzltlzal.&iz;:ilé};vmterface
Adjustment resolution /mm 0.0004 A
Mirror deformation caused
) 24 nm RMS /(mm) ROC B 7 JWST b2l 5 T 4R 6 i
by curvature adjustment
Fig. 7 Assembly of optical components
unit mirror back ~ ROC adjustment actuator and backplane of JWST
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B 10 z[E it N ALMOST T B 3 B2 . SPHERES &A7 &8 20 B4R A« Ca) 3 AR JH s (b) 343 4E T 5 (o) W #LVE T
Fig. 10 ALMOST project assembly process in ISS. SPHERES aircraft plays the role of (a) base; (b) dock; (c¢) monitor

#% 4 SPHERES #i# 5%
Table 4 SPHERES structural parameters

#5 UDP&H
Table 5 UDP parameters

Item Parameter UDP property Parameter
Dimension /m 0.25 Dimension /(ecm X cm X cm) 15.5X11.5X8
Mass /kg 3.1 Mass /kg 0.47
Max linear acceleration /(mes *) 0.17 Protruding pin length /cm 3.2
Max angular acceleration /(rades ?) 3.5 Entrance hole diameter /cm 1.4
Battery duration /min 90 Max docking range /cm ~10
Data communication speed /(kbites™') 115.2 Time for final capture /s 2-5
Power /W 7 Time to lock /s <2
Docking resolution +2.5 mm; £1.0° Camera mass /g 12
I Camera resolution /(pixel X pixel) 25921944
sphergs S\zit:lhte — ' ) Camera frames per second 30
v—\‘ Camera shutter Rolling

P11 M SE S A Y SPHERES
Fig. 11 SPHERES for ground tests
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Fig. 12 Schematic of UDP composition
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Fig. 13 OPTIIX telescope and its modules
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Fig. 14 Fabricated PM structure component and areal

density fabricated by AHM technology
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Fig. 15 Construction OPTIIX PM module
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Fig. 16 MAST using modular SM groups for PM on-orbit assembly
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Table 6 Material properties of optical materials

) Density p / Young's modulus Poisson ratio CTE / Specific Example of mirror
Material (geem ) E /GPa v (10°°«°C ')  stiffness E /p areal density /(kgem *)
Ultra-low-expansion
2.205 67 0.18 0.03 30 180 (2.4 m HST)
glass
Be-made mirror 1.850 287 0.08 11.3 155 10 (6.5 m JWST)
AHM 2.920 310 0.14 2.44 31.1 20(1 m AHM)
Al-made mirror 2.700 68 0.33 23.6 25 14
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