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Structure Design of a Deformable Mirror Used on Space Camera
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Abstract: In order to calibrate the wave aberration caused by large aperture mirror in high resolution
space camera, a deformable mirror suitable for space environment was designed. The design criterion of
deformable mirror used on space camera was discussed, and the structure form of the deformable mirror
was determined; the concrete structure and combination of materials were given, and the flexible
structure was added. Simulation results show that, its RMS value is 17. 2 nm under z axis gravity and
only 3.7 nm when temperature is increased by 4°C , its 1st natural frequency is 1 015 Hz, and after active
flattening, the reflecting surface under these simulated space conditions can be corrected to approximate
standard plane; it can accurately fit the wave elements corresponding to the first 36 Zernike polynomials,
and the residual errors are small. This deformable mirror not only has good mechanical properties and
thermal stability, but also can guarantee the aberration correction ability, which meets the application
requirement of space camera.
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Fig. 1 Schematic of deformable mirror with discrete

actuators and continuous mirror

2.1

s 2 )
@ 420 mm, 5 mm. \
' h b ’
’
[10-11] ’ ’
’
; @ 450 mm,
Actuator assembly:
P h' —_—
i Mirror
s : rod
. . PZT
module
[12-14 B
MEMS e ’ e Support base:
91 actuators
Insezrt distributed in
’ L 5 circles
’ 1 X
’ 2
s Fig. 2 Structure schematic of deformable mirror

0122001—2



2.2

2.3

50 pm, 1000 N
PV 20 pm ,
( Carbon Fiber Reinforced Plastic.,
N , CFRP) 1
, 5 .91 CFRP
CFRP ,
1
Table 1 Physical properties of common materials in space camera
Group Material o/(g+cm *) E/Gpa E/p a(1E-6/K)
Al 2.7 68 25.19 22.5
TC4 4.4 114 25.91 9.1
4]36 8.9 141 15. 84 0.65
A Mg/ Al alloy 1.8 40 22.22 25
High volume fraction SiC/Al 2.94 213 72.4 8
Low volume fraction SiC/Al 3.0 100 33.33 16
CFRP 1.6 180 112.5 1.1
45 # 7.81 200 25.6 11.6
SiC 3.2 400 155 2.4
Si 2.33 131 137 2.6
B Be 1. 85 287 216 11. 4
Zerodur 2.53 91 1. 64 0.05
FS 2.19 72 1.4 0.5
C/SiC 1.9 130 12 1
A Structural material; B: Optical material
, (4J36) ,
1, CFRP
(C/SiC) ,
CFRP, C/SiC (4]36)
N (TCH
CFRP ,
2
Table 2 Material properties of deformable mirror
Part Materials  p/(g =+ cm™*) E/GPa a(1E-6/K)
Reflector C/SiC 1.9 130 1.0
Actuator Push rod 4]36 8.9 141 1.0
assembly PZT Tnodule PZT 7.8 75 2.2
Mounting base TC4 1.4 114 9.1
Insert 4]36 8.9 141 1.1
Support base CFRP 1.6 180 1.1
’ (1s] 1) 1)
) , 3(a).
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Fig. 3 Flexible structure in deformable mirror
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Fig. 5 Surface shape under different loadcases(Left: before flattening; right: after flattening)
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Table 3 Statistics of surface shape under different loadcases 1015 Hz,
Original Flattened 3
Loadcases ’
PV/nm RMS/nm PV/nm RMS/nm A
X gravity 71.6 15.8 3.17 0. 34 ' ]
Y gravity 66.0 15.0 2.91 0.33
) Table 4 First three order frequency and vibration mode
Z gravity 85.1 17.2 4. 60 0. 54 - - -
+ 4 13.3 57 0. 96 0,11 Order Frequency/Hz Vibration mode
1 st 1015 Z axis vibration
(z ) , RMS . .
2nd 1192 Y axis rotation
17.2 nm, RMS<2/50(2=632. 8 nm) 3rd 1214 X axis rotation
;4°C 9PV 3. 7 nm. 3 2
H ’
RMS 1 nm, ,
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