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Abstract The large aperture primary mirror assembly (PMA) mounted in space remote sensor should have the
extraordinary virtues as high stiffness, high strength, high thermal stability etc.. A novel three-point flexural
support configuration based on Cartwheel flexural hinge for large aperture PMA is presented in this paper. Firstly,
the stiffness characteristic of the support structure is approached using the dimensionless design method. Then, static
and dynamic analysis based on finite element method are performed on the PMA to find the optimal dimension
parameters of the support flexure. Finally, optical test on a mirror with A/40 root mean square (RMS) surface figure
and vibration experiment on an equivalently spherical mirror are performed to validate the design configuration. The
simulation and experiment results indicate that when the thickness of flexure ¢ =8 mm, beam height # =4 mm,
beam length L =8 mm, the surface figure of PMA can keep below RMS 12 nm under the load of 1 G gravity and 15 C
temperature change. The first natural frequency reaches 296 Hz, only deviating 6 % from the analysis result. The
Cartwheel flexure support can satisfy the extraordinary design requirements.
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Table 1 Material properties of PMA

Young's Thermal conductivity /  Coefficient of thermal , )

Material ~ Density /(gemm *) ) X Poisson's ratio

modulus /GPa (Wem '-K™1) expansion /(107 «K™")

RB-SiC 3.05 330 185 2.5 0. 27
4J32 8.1 141 13.9 2.5 0.25
TC4 4. 44 109 6.8 9.1 0. 34

SiC/Al 2.94 180 225 8.1 0.18
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Fig. 1 Schematic of primary mirror
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Fig. 2 Cartwheel flexural support structure
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Fig. 4 Support and size parameter of Cartwheel flexural hinge

& D-D

Yy

=7 s e
P BA

| ._'/ .'_" “
= | X
I W_LT )
A/
.LJ‘-/ = :

K 5 Cartwheel XML HENSHLIRR .
LI s Ch) R4 30) 0 1]
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Table 2 Nomenclature

Parameter Physical significance
C Displacement stiffness
E Young's modulus
R Fillet radius
L Beam length
h Beam height
t Flexure thickness
k Rotational stiffness
® Rotational angle
c Maximum stress
Ty Y. 2 Reference coordinate axis
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Table 3 Static analysis results of PMA

Load cases Surface figure PV /nm  Surface figure RMS /nm Rotation on z axis /(")  Rotation on y axis /(")
Gravity in & direction 27.4 5.3 0 0.22
Gravity in y direction 27.4 5.3 0.22 0
Gravity in z direction 46. 1 11.2 0 0
Temperature rise 15 C 59.7 8.7 0 0
Gravity in y direction and

temperature rise 15 C 61.3 10. 2 0.22 0
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Table 4 First three modes of PMA

Mode  Natural frequency /Hz Mode shape
1 296 Rotation on x axis
2 296 Rotation on y axis
3 342 Rotation on z axis

K8 +
Fig. 8 First three vibration modes of PMA
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Fig. 13 Dynamic test results of PMA. (a) Frequency response curves of PMA under sweep sine actuation; (b) frequency

response curves of PMA under random vibration
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