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Design of support structure for deformable mirror used

on space camera
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Abstract: The aberration correcting ability of deformable mirror is directly affected by the performance of
its supporting structure. A structure form of deformable mirror for space camera was described, and
different structures of support base were analyzed from the aspect of material properties and
manufacturing process, it proves that solid structure made of CFRP is superior to rib-board structure made
of TC4, and stiffness ratio of support base material is the main factor of deformation caused by gravity,
while the difference of CTE between the materials of support base and reflector affects thermal
deformation mostly. Comparing with three-point edge support, the scheme of three-point back support was
used to improve the collapse phenomenon caused by gravity, with the RMS value of gravity in z
direction decreased by 73%, from 15.38 nm to 4.17 nm, and homogenize the thermal deformation, with

the RMS value of 4 C rise decreased by 12.5%, from 3.68 nm to 3.22 nm, and its first order frequency
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is also improved from 1 513 Hz to 1 982 Hz. This indicates that the dynamic and static stiffness
thermal stability of this deformable mirror satisfies the application requirement for space camera.
Key words: deformable mirror; support structure; solid structure; three-point back support;

space environment adaptability
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. , Tab.1 Parameters of structure materials in space
, camera
[ Material p/g-cm™  E/GPa Elp a(1E-6/K)
° ’ Al 2.7 68 25.19 22.5
’ TC4 4.4 114 25.91 9.1
N > N Mg/Al Alloy 1.8 40 22.22 25
° Invar 8.9 141 15.84 0.65
21 High volume fraction 904 213 79.4 3
SiC/Al ’ ’
Low volume fraction
o SiC/Al 3.0 100 33.33 16
' ’ ’ CFRP 1.6 180 1125 1.1
) )
, ; 2.1.2
, , ; 3(b)
) N ) o ) °
2.1.1
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Tab.2 Material properties of deformable mirror

(Carbon Fiber Reinforced Plastic,CFRP)

Part Material p/g-cm™ E/GPa  a(1E-6/K)
o ' Reflector c/sic 1.9 130 1.0
=131 1 , CFRP ,
Push rod 4J36 8.9 141 0.65
; ,CFRP ush 1o
N , s Actuator  Actuator PZT 7.8 75 2.2
CFRP ° emby Mounting
TC4 4.4 114 9.1
CFRP base ¢
’ Insert 4J36 8.9 141 0.65
: TC4 4.4 114 9.1
’ CFRP Support base
CFRP 1.6 180 1.0
’
10 mm, s
3
’ o
213 Tab.3 Analysis results of different structure patterns
Rib—board Solid
h Load cases
s 4 , PV/nm RMS/nm PV/nm RMS/nm
’ X gravity 438.8 86.1 71.6 15.8
2
¢ Y gravity 400.8 87.9 66.0 15.0
+4C
3 Z gravity 363.4 71.2 85.1 17.2
+4.C 761.7 108.2 13.3 3.7
b b
PV = A/10 . RMS = A/50 \A=632.8nm
(a)
CFRP,
(a) Rib-board structure
, 4.5 ,
; 9
(C/SiC)
, C/SiC , , CFRP
, C/SiC ,
N e} b
(b)
(b) Solid structure o
4 (1/4 ) 2.2

Fig.4 FEM model(quarter model)
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Fig.5 Schematic of support scheme
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N Fig.6 Comparision between two support schemes (Left: three-point
; ’ edge support; right: three-point back support)
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Tab.4 Analysis results of different support schemes

Three-point edge support Three-point back support o
Load cases

PV/nm RMS/nm PV/nm RMS/nm

X gravity 30.97 8.31 23.00 4.24 '
Y gravity 37.47 8.20 20.33 4.21 CI;RP
Z gravity 78.08 15.38 21.05 417 , .
+4°C 13.15 3.68 11.62 3.22 . ,
If\f;iirfclysg 1513 Hz 1982 Hz ’
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